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Abstract 
This research is aimed at fashion designers and fashion design translators who want to 

avoid a distortion or loss of design character during the process of transferring their two-

dimensional creative sketch into a three-dimensional garment.  

 

It has developed a fashion design methodology described as ‘sculptural form giving’, to 

reliably translate innovative two-dimensional ideas via a structural design sculpture into 

an intermediate model to represent a design concept. Using the method as an intermediate 

step in creation is a novel approach to establishing an initial sample and to educating 

students in fashion design representation. 

 

The research has utilised mixed methods to investigate three distinct parts: developing the 

sculptural form giving method, testing it in a workshop and analyzing the data to refine 

the model. The method applies the idea of conceptual sculpture onto the fashion design 

process, akin to those used in architecture and toy design with which fashion shares some 

processes for realising design ideas. This research investigates and formalises the 

processes that utilise the measurable space between the garment and the body, to help 

transfer garment variation and scale. 

 

The method solves the problems of distortion and lack of design character in the transfer 

from two-dimensions to three-dimensions by standardising and systematising the design 

procedure mathematically. By developing the size and space measurement tools and the 

concept of side views, it offers high accuracy of measurements in establishing the 3D 

model. Workshop students, the pre-testers, the author and the clothing experts confirmed 

the high degree reliability, capability and efficiency of the method. 

 

In summation, this research focuses on helping fashion designers and fashion design 

translators to produce a creative method that helps to transfer their imaginative concepts 

through intermediate modelling. It also demonstrated that fashion design students adopted 

this method better than fashion technology students, suggesting it might be interesting to 

fashion practitioners with a creative focus.  
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Chapter 1.   Introduction  

1.1 Background and Motivation  

The author’s educational background has involved learning in fashion design over a 

period of 15 years since 1996. She worked as a fashion designer for a high street brand 

for around two years before commencing her PhD degree studies. During her career, her 

design collections were not recognisable as those of an international fashion designer, due 

to a lack of conspicuous personal design characters. The requirements of her job were to 

copy styles based on world fashion trends, presenting ‘meaningless’ garment styles from 

season to season. She worked under difficult circumstances, cooperating with a team of 

senior patternmakers, to realise her designs in the fashion industry in Taiwan. Especially, 

in establishing a garment, which had a unique silhouette or sculptural structure, the 

patternmakers did not accept her designs. They indicated that young designers like the 

author who always wanted to make clothing design unique, would not see their designs 

accepted as the majority of the designs were unrealisable. Although the author had a very 

good relationship with the team and team members, the secrets of design translation from 

the design sketch to the finished garment could not be discussed. If the patternmakers 

were to unveil the skills of design realisation, they were concerned that their position 

could be replaced or even lose their job. It was this fear that undermined the 

patternmaker’s ability to unveil the skills of their process of design realisation. 

 

The master dissertation of the author classified personal prototypes based on Carl Gustav 

Jung’s psychology based method of analysis, and utilised them for garment design. 

Therefore, this research is a continuation of this study; seeking to find a solution to the 

problems witnessed in terms of losing initial ideas leading to distortion of the two-

dimensional sketch process in relation to the practical garment transfer process.  

 

The research background relates to the existing methods of modelling primary samples 

for dimensional transfer in fashion design. These existing methods only account for a 

small proportion of the transfer process. Certain clothing techniques include Space 
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Manual1, including using templates for measuring the space between flat sketches and 

technique based drawing. The techniques of traditional pattern-making and draping are to 

establish a garment sample from both two-dimensional and three-dimensional aspects. 

Moreover, other techniques include tracing draped patterns, pattern flattening and grading 

body sections to help acquire a flat pattern from three-dimensions or two-dimensions. 

Therefore, this research focuses on two tasks intended to develop a fashion design 

methodology that helps fashion designers and fashion design translators to build initial 

samples from a design sketch.  

 

The first task is to develop a fashion design methodology that can reliably realise a two-

dimensional sketch, using structural design sculpture on an initial model. From studying 

the modelling process of parallel design disciplines in the literature review and tacit 

research, the researcher develops her own method, using a ‘sculptural form giving’ 

method, based on experimental works. The study standardises and systemises the 

modelling steps, transferring two-dimensions to three-dimensions, which helps with 

establishing the primary model from the design sketch. Then; using the feedback and the 

data from the workshop and the interview, clothing experts refine, align and redevelop the 

process of the method and drawing recommendations using the method. 

 

The other task involves using a novel approach, which employs the method as an 

intermediate step in creation, to educate students in fashion design representation. Second 

year fashion design and fashion technology students were evaluated to understand the 

capabilities of the sculptural method form, which systematised the measuring of the 

design sketch to enable them to experiment with the sculptural model mathematically. 

The research used a quantitative method for analysing the workshop data statistically, and 

a qualitative method to moderate the sculptural form giving method based on evaluation 

of the students and interviewing the professionals.  

 

In the process of fashion design development, developing the sculptural form giving 

method and using the physical model as an intermediate step seek to improve the 

accuracy, reliability and representative capability of the transfer method by establishing 

an initial model from the design sketch. 

                                                
1 Here referred to the actual book. 
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1.2 Problem  

There are three major research problems pertinent to this study. The first problem is that 

existing methods that are used during the fashion design modelling process are unreliable 

for realising a design sketch as a physical sample. This problem causes technicians to re-

interpret and misunderstand the designer’s intentions when building the initial sample. 

Kawamura (2004:207-8)2 also pointed out that famous fashion designer, Rei Kawakubo 

suffers from problems in the transfer of her ideas into finished garments. Therefore, her 

technicians interact with her sketches using a system based on trial and error. 

 

The second problem is the gap between two-dimensional and three-dimensional mediums 

when transforming a design into a garment. According to McKelvey and Munslow 

(2003:98)3, “it is easy to lose sight of your original intentions during the translation 

stage.” The problem of distortion can also be found in relation to the development of the 

design. Adopting existing methods to establish a primary sample causes distortion and 

lack of character in the design concept.  

 

The inaccuracy of the measurements in the design sketch is the third problem affecting 

this study. Size and the space measurements of irregular shapes, and those that are 

asymmetrical on all four sides, lead to a low level of accuracy in the data used for 

generating patterns because the steps of the measurements rely on the experiences and 

skill of the design translators. This shows that measurement methods require a gap for 

measuring the space and the size between a design sketch and the initial model. The 

measuring method used for the art form style is not standard or systematic. These 

problems have affected the accuracy and the capacity for accurate realisation of designs; 

they are typically associated with establishing an initial sample based on a design sketch 

using dimensional transfer. 

 

                                                
2 Kawamura, Y. (2004). "The Japanese Revolution in Paris Fashion." Fashion Theory: The Journal of Dress, Body & 

Culture 8(2): 195-223. 
3 MaKelvey, K. and J. Munslow (2003). Fashion design process, innovation and practice. Oxford, Blackwell Science 
Ltd. 



 4 

1.3 Aims and Objectives 

There are two aims in this research: The first aim is to develop a method for building an 

intermediate model, to be called the sculptural form giving method, in terms of 

dimensional transfer in fashion design. This needs to be reliable in establishing an initial 

model from a flat design sketch. The objectives are to develop a functional scale grid 

between the design sketch and the mannequin from studying existing methods applied in 

parallel design disciplines. In order to achieve this, the research will standardise and 

systematise the modelling process of the sculptural form giving method mathematically, 

based on experimental data. 

 

The second aim is to test the sculptural form giving method on users to modify the 

method. The objectives of the second aim are to refine, align and to redevelop the 

sculptural form based on the workshop results. The research evaluates the understanding 

of the students and the value and versatility of the method as revealed by the workshop 

results; this is done so as to interview clothing professionals to define the major problems 

with the method. After redeveloping the method, the research provides recommendations 

that will apply when using it.  

 

1.4 Thesis Outline 

Chapter 2 provides an overview of existing methods of dimensional transformations in 

parallel design disciplines. The literature review illustrates the processes of dimensional 

transfer, the techniques design translators use when establishing the initial model based 

on the flat design sketch. The methodologies of the research are revealed in chapter 3. 

Subsequently, chapter 4 synthesises and develops the sculptural form giving method, 

based on experimental work investigating the steps for dimensional transfer. Following 

that, chapter 5 presents recommendations for use when applying the method; these are 

based on studying the workshop data and interviewing professionals. The final chapter, 

which is chapter 6, describes the main conclusion, limitations of the research and any 

further research.   

 

List of references 
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Chapter 2.   Literature Review 

This literature review considers eleven methods of design realisation. These methods 

provide the details of preparation, generating a pattern and model realisation between 

two-dimensional and three-dimensional design transformation and will be considered to 

develop the sculptural form giving method. 

 

2.1 2D to 3D  

This section considers three prototyping methods in establishing an initial sample. 

Traditional pattern-making is employed in fashion design; whilst the manuals model were 

utilised within the architectural design. These methods were combined to build a three-

dimensional model, to represent a two-dimensional design outcome from analysis of the 

design sketch. 

2.1.1 Traditional Pattern-Making in Garment Design 

McCann, Morsky, Poly, and Dong (2009:251-254)4 and Anderson (2005)5 indicate that a 

traditional approach to pattern-making development is to progress the two-dimensional 

construction pattern in order to represent the three-dimensional sample from the design 

sketch. The consistent concepts of the west and east are to cut along a toile, pre-existing 

clothing or a paper pattern, which requires the skill of a professional tailor. Kawlra (2010: 

126)6 indicates that garment construction is based on the key knowledge of a good fit in 

the western tradition. However, Kawlra (2010:126) 7 also focuses on the analysis of the 

form of the sari and kimono in the east for comparison with the western garment concept. 

Kawlra say that the cutting concept of the sari and kimono mean perceiving the material 

as a two-dimensional surface, differing from western apparel. The innovative research in 

                                                
4 McCann, J., Morsky, S., Poly, H. and Dong, X. (2009). Garment construction: cutting and placing of materials. Smart 

clothes and wearable technology. J. M. a. D. Bryson. Cambridge, Woodhead Publishing Limited: 235-259. 
5Anderson, K. (2005). "Patternmaking: Past to Present." Retrieved 30 May, 2012, from 
www.techexchange.com/thelibrary/patternmaking.html. 

6 Kawlra, A. (2010). The Sari. Berg Encyclopedia of World Dress and Fashion. J. Dhamija. Oxford, Berg. Volume 4 - 
South Asia and Southeast Asia: 115-128. 

7 Kawlra, A. (2010). The Sari. Berg Encyclopedia of World Dress and Fashion. J. Dhamija. Oxford, Berg. Volume 4 - 
South Asia and Southeast Asia: 115-128. 



 7 

garment technology, such as the smart clothing research of McCann et al., (2009:243-

245)8 has divided pattern-making techniques into traditional and novel approaches. In this 

section the research focuses on traditional pattern-making techniques.  

 

A. The Design Translator in Fashion Design 

Karimzadeh (1999); Almond (2011); Joseph-Armstrong (2010) and Amnéus (2010) show 

that tailors, pattern cutters and dressmakers were the design translators seeking to realise 

the design ideas behind garment design. The role of the design translator is to introduce, 

cut, measure, fit, make, analyse and finalise the pattern. Karimzadeh (1999)9 indicates 

that the role of pattern cutters is to make creative ideas happen. The design director of 

Coats Viyella, Michael Thierry, indicated that creative pattern cutters worked with 

designers as partners to realise their design creativity. Almond (2011:2) 10 illustrated the 

role of the design translator as similar to that of the tailor in the past; as the cloth guide for 

the client to cut, create and make garments. Amnéus (2010:97)11 also mentions further 

details pertaining to tailors in her publication; they have talents to construct garments 

uniquely from measuring, cutting and fitting. Dickson (2010:85) 12  provides an 

interpretation of successful pattern makers, as those who had been able to create a path to 

accomplish needs and desires and consumer considerations. Joseph-Armstrong 

(2008:vii)13 mentions that the ability of the pattern maker is to make the design pattern 

more accurate to fit within the constraints of time. According to Joseph-Armstrong 

(2010:72),14 pattern makers have three dedications; analysis, visualisation and the finality 

of the design sketch.   

 

She reveals the details of these dedications more fully in her book. Firstly, analysing the 

design sketch, identifying the pattern design principles and techniques to apply when 
                                                
8 McCann, J. et al. (2009). Garment construction: cutting and placing of materials. Smart clothes and wearable 

technology. J. McCann and D. Bryson. Cambridge, Woodhead Publishing Limited: 235-259. 
9 Karimzadeh, M. (1999). A Cut Above the Rest. DR Magazine. 29 May. 
10 Almond, K. (2011). "Bespoke tailoring: the luxury and heritage we can afford." The International Journal of 

Technology, Knowledge and Society 7(2): 77-88. 
11 Amnéus, C. (2010). Fashion Designers, Seamstresses, and Tailors. Berg Encyclopedia of World Dress and Fashion. 

P. Tortora. Oxford, Berg. Volume 3- The United States and Canada: 97-103. 
12 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 

Berg. Volume 3- The United States and Canada: 80-86. 
13 Joseph-Armstrong, H. (2008). Draping for apparel design. New York, Fairchild Publications. 
14 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
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developing the design into patterns. Secondly, plotting the working pattern and physically 

visualising the design sketch as a three-dimensional sample, such as with design lines of 

the style. Thirdly, finalising an exact design sample, which has manipulated, created and 

employed the selected pattern-making principles, techniques and plotted design lines. 

 

Research by David (2010:674)15 provides a historical outline of the design translator, 

which could be traced back to the tailoring of the early Middle Ages. Tailoring was the 

trade of linen armourers who were responsible for the padded undergarment to protect the 

body. David also stated that tailors of the male gender were most typical until the sixteen-

century. She provided an example of a typical workshop in 1769 involving a master 

tailor, who took responsibility for communication with the client and garment cutting. 

Emery (2010:557)16 and David (2010:675)17 both conclude that due to the availability of 

sewing machines in the 1850s, home dressmakers joined the workforce. Amnéus 

(2010:97)18 emphasises that the majority of home dressmakers in North America in the 

nineteen-century were lower-class women, working for economic reasons. Loschek 

(2009:175)19 noted that Charles Frederick Worth presented haute couture in 1860 and 

divided a new era between fashion designers and pattern translators. According to Loshek 

(2009:175)20 the couturier added a new role, which was that of the creative designer, who 

provides ideas and took responsibility for products, but did not necessarily have the 

capability to tailor or sew them. Amnéus (2010:99)21 states that after the emergence of 

fashion designers within the ready-to-wear industry in America during the late 1920s and 

early 1930s, pattern cutters were those who realised the design sketches of fashion 

designers, bringing their visions to life. Loshek (2009:184)22 remarks that the famous 

haute couturiers such as Christian Dior and Cristóbal Balenciaga in the 1950s, revealed a 

‘best tailoring art’. The growth in ready-to-wear haute couture in the 1960s made the 

relationship between the fashion designer and the clothing technician more stable.  

                                                
15 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
16 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 

17 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
18 Amnéus, C. (2010). Fashion Designers, Seamstresses, and Tailors. Berg Encyclopedia of World Dress and Fashion. 

P. Tortora. Oxford, Berg. Volume 3- The United States and Canada: 97-103. 
19 Loschek, I. (2009). When Clothes Become Fashion: Design and Innovation Systems. Oxford, Berg. 
20 Loschek, I. (2009). When Clothes Become Fashion: Design and Innovation Systems. Oxford, Berg. 
21 Amnéus, C. (2010). Fashion Designers, Seamstresses, and Tailors. Berg Encyclopedia of World Dress and Fashion. 

P. Tortora. Oxford, Berg. Volume 3- The United States and Canada: 97-103. 
22 Loschek, I. (2009). When Clothes Become Fashion: Design and Innovation Systems. Oxford, Berg. 
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Figure 2-1                                     Figure 2-2 

Figure 2-1 A patternmaker experiments on quarter-scale mannequins before making full-size sample23. 

Figure 2-2 The première of the atelier works with a follow patternmaker in order to achieve the best silhouette 
and proportions24. 

 

B. Clothing Technical Guide 

Lassig (2010:291)25 regards garment construction as requiring a high level of knowledge 

to be associated with instruction. Research by David (2010:674-676)26 and the overview 

of the tailor’s manual reveal that clothing technology actually existed. She points out that 

traditional tailoring apprenticeships between masters and apprentices were based on 

verbal teaching without written manuals. Dickson (2010:80)27 also points out with regards 

to the thirteenth century that tailors feared the publishing of their tailor guides, which 

would have unveiled their trade secrets and affected their careers. Emery (2010:556)28 

indicates that tailors published their clothing techniques including their cutting and 

construction methods from the mid-fourteenth century onwards. David (2010:674-676)29 

indicates that in the UK apprentices learned their garment cutting skills from using bolts 

of cloth, as evidenced in the painting of ‘The Tailor ‘by Moroni (c.1570).  

 

                                                
23 Merceron, D. L. and A. Elbaz (2007). Lanvin. New York, Rizzol: 215. 
24 Merceron, D. L. and A. Elbaz (2007). Lanvin. New York, Rizzol: 215. 
25 Lassig, A. (2010). Dress and Fashion in New Zealand. Berg Encyclopedia of World Dress and Fashion. M. Maynard. 

Oxford, Berg. Volume 7- Australia, New Zealand, and the Pacific Islands 288-295. 
26 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
27 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 

Berg. Volume 3- The United States and Canada: 80-86. 
28 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 

29 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
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According to the study of Kidwell (1979:4)30 Juan de Alcega’s ‘Libro de Geometria 

pratica y trac a para’ in 1580 is the earliest surviving tailoring pattern. David 

(2010:675)31 illustrates an important reference to the Spanish Juaan de Alcega and his 

‘Libro de Geometric Practica y Traca’ of 1589 and ‘La Rocha Burguen's Geometrica y 

Traca’ of 1618, as the earliest known tailoring manuals. These books were published in 

the Spanish language offering patterns that could be followed in order to economically 

use fabric. Subsequently, ‘L'Art du Tailleur’ by de Garsault (1769) illustrates the 

construction details of measurement, cutting and fitting. She indicates that ‘The Tailor's 

Complete Guide’ in 1796 was published anonymously and that the first such manual was 

in English. In the late eighteenth century, "How-To" books were published for home 

dressmakers. Emery (2010:556)32 points out that pattern journals were intended for 

professional tailors and proliferated in the nineteenth century. During the nineteenth 

century, Compaing and Devere's ‘Tailor's Guide’ (1855) and E. B. Giles's ‘History of the 

Art of Cutting’ (1889) provided significant insight into the mastery of tailoring 

techniques. These books marked the principles of finest tailoring and combined both 

science and art, which presented clothing as both engineering and sculptural forms. 

According to Loschek (2009:173),33 in the nineteen-century, clothing was allocated to the 

domain of handicraft products, which included many craftsmen such as tailors, 

seamstresses, embroiderers, ribbon weavers and trimmers.  

 

According to Peer (2010:124)34; Lassig (2010:291)35 and Dicken (2010:85)36 female 

home dressmakers searched for inexpensive ways to clothe themselves and their families 

during wartime in America, New Zealand and Australia. Emery (2010:556)37 reveals that 

the manuals for home dressmakers such as ‘Instructions for Cutting out Apparel for the 

Poor’ in 1789 and ‘The Lady’s Economical Assistant’ in 1808 provided full size patterns 
                                                
30 Kidwell, C. B. (1979). Cutting a Fashionable Fit: Dressmakers Drafting Systems in the United States. Washington 

D.C., Smithsonian Institution Press. 
31 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
32 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 

33 Loschek, I. (2009). When Clothes Become Fashion: Design and Innovation Systems. Oxford, Berg. 
34 Peers, J. (2010). Urban Fashion Culture in Australia. Berg Encyclopedia of World Dress and Fashion. M. Maynard. 

Oxford, Berg. Volume 7- Australia, New Zealand, and the Pacific Islands 123-131. 
35 Lassig, A. (2010). Dress and Fashion in New Zealand. Berg Encyclopedia of World Dress and Fashion. M. Maynard. 

Oxford, Berg. Volume 7- Australia, New Zealand, and the Pacific Islands 288-295. 
36 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 

Berg. Volume 3- The United States and Canada: 80-86. 
37 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 
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with written pattern drafts. Dickson (2010:85)38 illustrates that three to four garment 

patterns were normally printed on one sheet in the nineteenth century. Emery 

(2010:556)39 indicates the pattern drafts were publicised for the professional tailor in the 

nineteenth century and then indented and made available to a general audience, which 

included tailored garments for both sexes. In the 1830s fashion journals and magazines 

illustrated small pattern diagrams, but there was no scale and size associated with these. 

Emery stated that the ‘Workwoman’s Guide’ in 1838 provided information regarding 

pattern drafts, the drawing of the finished pieces and pattern drafting instruction. Until 

1841 in France and Germany and 1850 in England, periodicals supplied full-scale and 

fold-out patterns. In 1854, Madame Demorest introduced a full-scale pattern in the United 

States and sold it through mail order. Peers (2010:124)40 also points out that the local 

pattern companies in Australia, such as Madame Weigel in the 1930’s also sold patterns 

via a mail-order service, which extended the influence of Australian fashion to New 

Zealand, the Pacific and even Southeast Asia. Moreover, the paid servants of middle-class 

wives in Australia practiced simplified home dressmaking skills like construction, 

maintenance and cleaning of dresses. Dickson (2010:83)41 indicates that in the twentieth 

century, the layout, construction and finishing of garments following pattern instruction 

were improved and presented as individual patterns in envelopes with brief instructions. 

Until the mid twentieth century, the instructions are presented on a separate sheet. 

Significantly, Chatzky (1992:154)42 points out that the process of making, cutting and 

punching patterns, which had been developed by Demorest, are virtually unchanged. The 

Famous Features Pattern Company still practices this method until 1996. 

 

C. The Pattern-Making Process 

Chatzky (1992:154)43 states that the stages associated with the design sketch launch the 

pattern making process. Pattern makers adopt an average size, which is normally a size 36 

                                                
38 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 

Berg. Volume 3- The United States and Canada: 80-86. 
39 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 

40 Peers, J. (2010). Urban Fashion Culture in Australia. Berg Encyclopedia of World Dress and Fashion. M. Maynard. 
Oxford, Berg. Volume 7- Australia, New Zealand, and the Pacific Islands 123-131. 

41 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 
Berg. Volume 3- The United States and Canada: 80-86. 

42 Chatzky, J. S. (1992). Reaping from Sewing. Forbes. 25: 154-158. 
43 Chatzky, J. S. (1992). Reaping from Sewing. Forbes. 25: 154-158. 
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for women for the draft and patterns were made with muslin. The line and fit of the 

sample is mocked-up and in order to check the translation before grading and sizing to the 

master blocks. Jones (1992:72-73)44 also states that in the fashion design sampling 

process, the technicians realise the sketch shape and details, in order to form the garment 

samples after the fashion designer had drawn the design sketch. According to Aldrich 

(1996:77-82)45 and McKelvey and Munslow (2003:184-193)46 normally fashion designers 

will outfit the design sketch based on the front view, but this depends on the design, and 

can involve drawing the front side view and back view. Almond (2010:15)47 defines 

pattern cutting as a series of body measurements essential to making a three-dimensional 

shape to fit a human body, through scale or direct measurement. The process of 

traditional pattern-making forms a block shape, then fitted adopts and manipulates the 

block to illustrate and dictate the design and the desired shape. Sorger and Udale 

(2006:105)48 illustrate that the basic concept of pattern cutting involves pattern cutters 

rendering flat paper and fabric into a three-dimensional design.  

 

Almond (2010:16)49 and Brogden (1971:90)50 both highlight the role of the initial sample, 

which has been diversified over the past twenty years. It has moved on from the 

traditional way in which fashion students had been taught to design, cut and make their 

first sample, and subsequently now considers the promotion, marketing, styling, design, 

illustration, digital fashion and image making. Seivewright (2007:93,106)51 states that the 

three-dimensional approach to research, such as the draped model, provides early shapes 

to attempt and translate the design into an experimental stage of the quarter-scale pattern; 

or by modeling on a mannequin in the early design stage. Many technique books, such as 

those associated with Heath (1981)52; Shoben and Ward (1990)53; Aldrich (199954; 

                                                
44 Jones, T. (1992). I-D The Glamour Issue. May: 72-73. 
45 Aldrich, W. (1996). Fabric, form and flat pattern cutting. Oxford, Blackwell Science Ltd. 
46 MaKelvey, K. and J. Munslow (2003). Fashion design process, innovation and practice. Oxford, Blackwell Science 
Ltd. 

47 Almond, K. (2010). "Insufficient Allure: The Luxurious Art and Cost of Creative Pattern Cutting." he International 
Journal of Fashion Design, Technology and Education 3(1): 15-24. 

48 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
49 Almond, K. (2010). "Insufficient Allure: The Luxurious Art and Cost of Creative Pattern Cutting." he International 

Journal of Fashion Design, Technology and Education 3(1): 15-24. 
50 Brogden, J. (1971). Fashion Design. London, Studio Vista. 
51 Seivewright, S. (2007). Basics Fashion Design: Research and Design. London, AVA Publishing. 
52 Heath, S. (1981). Coat and skirt making : skirts, trousers, jackets, coats. London, Granada Publishing Limited. 
53 Shoben, M. M. and J. P. Ward (1990). Pattern cutting outerwear fashions. Oxford, Heinemann Professional 

Publishing Ltd. 
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2002)55 and Joseph-Armstrong (2010)56 provide patterns of styles, which users could 

adopt. The technical books illustrate pattern techniques by Joseph-Armstrong (2010:70)57, 

MacDonald (2010:20-22)58 and Zamkoff and Price (2009:2-21)59 who highlights the three 

pattern techniques, which are dart manipulation, adding fullness and contouring.  

 

Pattern makers have used these three techniques to analyse and identify the creative 

elements from the design sketch, and subsequently developed the correct three 

dimensional pattern shape of the design sample. According to Joseph-Armstrong 

(2010:70)60; Gioello and Berke (1979:32)61; Kim and Uh (2002:13-14)62; MacDonald 

(2010:24-25) 63; Zamkoff and Price (2009:41-49)64 and Fischer (2009:30-33)65 the two 

major techniques, which are slash spread and slash closed and pivotal transfer, make a 

working pattern and a traced copy, using the slash method or the pivotal method. 

 

Fischer (2009:30-33)66 however mentions dart manipulation in relation to both slash and 

pivotal methods. Sorger and Udale (2006:106)67 reveal dart manipulation with slash and 

spread. Chatzky (1992:154)68 indicates that until 1996, the Famous Features Pattern 

Company still practices the process of making cut and punched patterns in a manner that 

have remained unchanged. After the introduction of computerised-design systems, the 

time taken for the creation of a new pattern shrank from 2.5 months to four weeks. 

 

D. Design Analysis 

                                                
54 Aldrich, W. (1999). Metric Pattern Cutting for Children's Wear and Babywear: From Birth to 14 Years Oxford, 

Blackwell Publishing Ltd. 
55 Aldrich, W. (2002). Pattern cutting for women's tailored jackets: classic and contemporary. Oxford, Blackwell 

Science Ltd. 
56 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
57 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
58 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
59 Price, B. Z. J. (2009). Basic pattern skills for fashion design. New York, Fairchild Publications. 
60 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
61 Gioello, D. A. and B. Berke (1979). Fashion Production Terms. New York, Fairchild Publications. 
62 Kim, I. and M. Uh (2002). Apparel making in fashion design. New York, Fairchild Publications. 
63 Macdonald, N. (2010). Principles of Flat Pattern Design. New Jersey, Fairchild Publications. 
64 Price, B. Z. J. (2009). Basic pattern skills for fashion design. New York, Fairchild Publications. 
65 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
66 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
67 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
68 Chatzky, J. S. (1992). Reaping from Sewing. Forbes. 25: 154-158. 
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Mckelvley and Munslow (2003); Sorger and Udale (2006); Seivewright (2007); Fischer 

(2009); Zamkoff and Price (2009); Joseph-Armstrong (2010) and MacDonald (2010) 

publish references to fashion design analysis. They indicate that the pattern concentrates 

on deconstructing the details of the design sketch. Firstly, the pattern makers recognise 

the design principles of skirts, bodices, dresses, sleeves, trousers, pleats, panels and 

collars; and the details of proportion and the silhouette from the design sketch. Secondly, 

they use the techniques of tailor modelling to identify the cut and volume of the design 

details. Subsequently the design silhouette and proportion is formed applying the design 

details. But only Seivewright (2007:92)69 illustrates the fact that after the design research, 

design analysis is required in the early design stage.  

Mckelvley and Munslow (2003) 70 and Seivewright (2007)71 provide the view of the 

fashion designer; Sorger and Udale (2006)72 publish fashion design guidance pertaining to 

fashion design development and Zangrillo (1990)73 presses a plus-size fashion design 

book for designers with regards to design realisation. They highlight the fact that fashion 

designers are told to form the design sketch from the design of the silhouette and 

proportions, and then focus on garment details such as the skirt, sleeve and working 

drawing. Deckert (2002:23-24)74 points out the key points of plus-size garment design 

that consider body fit and friction from body parts. Significantly, Sorger and Udale 

(2006:34)75 and Seivewright (2007:122)76 both point out, from the perspective of the 

fashion designer and fashion developer, that the silhouette is the first impression an outfit 

created on the catwalk. They also indicate the designing of the proportion and line which 

are developed from that silhouette. 

 

However, Fischer (2009:14-33),77 from the perspective of the design constructor, provides 

a different concept of garment construction. The analysis of the design is stated based on 

silhouette and proportion and involved considering sizing and grading, pattern making 

                                                
69 Seivewright, S. (2007). Basics Fashion Design: Research and Design. London, AVA Publishing. 
70 MaKelvey, K. and J. Munslow (2003). Fashion design process, innovation and practice. Oxford, Blackwell Science 
Ltd. 

71 Seivewright, S. (2007). Basics Fashion Design: Research and Design. London, AVA Publishing. 
72 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
73 Zangrillo, F. L. (1990). Fashion Design for the Plus-Size. New York, Fairchild Publications. 
74 Deckert, B. (2002). Sewing for plus sizes: creating clothes that fit and flatter. Newtown, The Taunton press. 
75 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
76 Seivewright, S. (2007). Basics Fashion Design: Research and Design. London, AVA Publishing. 
77 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 



 15 

techniques including dart manipulation and the spread method; subsequently focusing on 

garment details. She also points out the major problem of design drawing is distortion of 

proportion, for instance, the legs and neck being too long. Zamkoff and Price (2009:2-

21)78 publish a technical book of pattern-making that after introducing pattern techniques, 

focused on generating a pattern for the garment details; but this book does not mention 

the analysis of silhouette and proportion. The book by Joseph-Armstrong (2010:70-71) 79 

shows a route for pattern makers in order to analyse the design sketch. Firstly, pattern 

makers recognise the design elements using two principles: proportion and silhouette. 

Secondly, measuring the variation of the design sketch, which follows their own 

experience and the related styles of the textbooks; and subsequently using the results of 

the analysis to draw the pattern. MacDonald (2010:20-22)80 publishes a book from the 

pattern-making perspective that shows the relationship between patterning techniques and 

pattern of garment details.  

 

Joseph-Armstrong and MacDonald provide a notable method to logically analyse design 

sketches that led to more accurate pattern and variation measurements than those in other 

books. The analysis methods of Joseph-Armstrong and MacDonald are similar to using 

pattern techniques as the principles to analyse design sketches to achieve results. 

However, these two methods involve deconstructing the design sketch into styles; but the 

resulting variation in measurement remains inaccurate with regards to measuring the 

variation in design details from those of sample styles. 

 

Nakamichi (2010) 81 published a book about draping, which illustrates an important 

mathematical method to create a ball sleeve by using views of slices to improve accuracy 

of measurement in pattern-making. The method of Nakamichi (2011:44-45)82 provides 

the drawing of a foldable sleeve (jabara) to measure the variation from the cross-section 

view and slice view. She indicates that from her experimental works, folding several 

sheets created different forms. Her method is to create a ball sleeve in the pattern of 

                                                
78 Price, B. Z. J. (2009). Basic pattern skills for fashion design. New York, Fairchild Publications. 
79 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
80 Macdonald, N. (2010). Principles of Flat Pattern Design. New Jersey, Fairchild Publications. 
81 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
82 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
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alternating crescent-moon shapes. The semi-circular accordion shape carries the delicate 

sleeve details through into the sharp accents for pattern drafting.  

 

These technical garment books provide at least four scales of patterns, which are no scale, 

half-scale, quarter-scale and one-fifth scale. Nakamichi (2010:101) 83  and Joseph-

Armstrong (2010:787-799)84 illustrate pattern by half-scale and Aldrich (1996:178-195)85 

utilise quarter-scale and one-fifth scale to draw patterns. The books associate with 

clothing technique by Zamkoff and Price (2009:58-71)86 and Fischer (2009:35-50)87 

illustrate no scale or inaccurate scale diagrams. 

 

Kawamura (2004)88, Merceron (2007)89  and Teng (2001)90  state that many fashion 

designers such as Rei Kawakubo, Issey Miyake, Yohji Yamamoto, Alber Elbaz Lanvin 

and Yeohlee Teng have commonly used the traditional pattern-making skill. These 

fashion designers use traditional pattern-making in the initial modelling and design stage. 

According to the study by Rogers (1983) 91 , Sutton and Sheeham (1989) 92  and 

Hollingworth (1996) 93  awareness of experience, self-reliance and manipulation of 

concepts are the three major issues to facilitate creative pattern cutting. Almond 

(2010:16)94 points out the novel approaches of flat pattern-making which is deemed a 

technical and mathematically complex science. These are the dynamic secret of creative 

pattern cutting. Engel (1985:42)95 states that management of the functional space, the 

arrangement of standardised spatial units on a two-dimensional grid and using the 

ordering unit are the three features of architectural fashion design. 

 

                                                
83 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
84 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
85 Aldrich, W. (1996). Fabric, form and flat pattern cutting. Oxford, Blackwell Science Ltd. 
86 Price, B. Z. J. (2009). Basic pattern skills for fashion design. New York, Fairchild Publications. 
87 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
88 Kawamura, Y. (2004). The Japanese revolution in Paris fashion. Oxford, Berg. 
89 Merceron, D. L. (2007). Lanvin. New York., Rizzol. 
90 Teng, Y. (2001). Yeohlee : work : material architecture. Australia Victoria: Peleus Press, Peleus Press. 
91 Rogers, C. R. (1983). Freedom to learn. Columbus, Charles E. Merrill. 
92 Shutton, A. S., D. (1989). Ideas in weaving. London, B. T. Batsford Ltd. 
93 Hollingworth, H. (1996). Creative pattern making. Lancashire, University of Central Lancashire. MA Dissertation. 
94 Almond, K. (2010). "Insufficient Allure: The Luxurious Art and Cost of Creative Pattern Cutting." he International 

Journal of Fashion Design, Technology and Education 3(1): 15-24. 
95 Engel, H. (1985). Measure and Construction of the Japanese House. Tokyo, Tuttle Publishing. 
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E. Making The Garment Surface Pattern 

Tilk (1982); Nakamichi (2011); Emery (1999) and Kunick (1967) agree regarding the 

geometrical surface pattern of the garment. They point to the basic body block for 

measuring data into a flat pattern. Anderson (2005)96 states that, before the fifteenth 

century, rectangular shaped pieces of uncut fabric were the basic construction patterns of 

the garment, used in order to minimise waste. Macdonald (2010)97 illustrates that the 

garment pattern in the fifteenth century used engineered pieces to follow the body 

contours and the fabric to realise the art of the pattern-making. Kunick (1967:83-84)98 

illustrates that the foundation of basic pattern construction is rectangular and cylindrical. 

Tilk (1982) points out that garments such as thee kimono; the Indian salwar and Scottish 

kilt are made based on geometric patterns. Emery (1999:242-244)99 indicates that the two 

basic shapes use in pattern making were the triangle and the square. Nakamichi 

(2011:21,28-35,44-45)100 illustrates four major types of geometrical pattern, which are the 

circle, triangle, square and balloon in Figure 2-3 to Figure 2-6. According to Anderson 

(2005)101 these patterns turns into complex geometric shapes due to waste considerations; 

and according to Nakamichi (2011:28 and 34)102 this occurs as a result of measurement, 

production and function.  

Figure 2-3     Figure 2-4 
                                                
96Anderson, K. (2005). "Patternmaking: Past to Present." Retrieved 30 May, 2012, from 
www.techexchange.com/thelibrary/patternmaking.html. 

97 Macdonald, N. (2010). Principles of Flat Pattern Design. New Jersey, Fairchild Publications. 
98 Kunick, P. (1967). Sizing, pattern construction and grading for women's and children's garments. London, Philp 

Kunick Ltd. 
99 Emery, J. S. (1999). Dreams on Paper: A Story of the Commercial Pattern Industry. The Culture of Sewing : Gender, 

Consumption and Home Dressmaking. B. Burman. Oxford, Berg: 235-254. 
100 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
101Anderson, K. (2005). "Patternmaking: Past to Present." Retrieved 30 May, 2012, from 
www.techexchange.com/thelibrary/patternmaking.html. 

102 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
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Figure 2-3 Wearing a circle103.                   Figure 2-4 Wearing a triangle104. 

 
Figure 2-5 Wearing a square105. 

 
Figure 2-6 The pattern and the views of a ball-shaped accordion (jabara)106. 

Cutler (1999:14)107 demonstrates that the form of the construction patterns in fashion 

design and architecture design is similar. She utilises the same construction concept of the 

garment technique in her Masters dissertation in Architectural Design. She indicates that 

the cylinder, cone and tangent are the three major forms of the architectural surface. She 

uses these three elements to create the construction pattern in order to establish a sketch 

model on a one-eighth scale. Yoon and Höweler (2009:30)108 also utilise the unique 

pattern of shelves for their project, is called ‘Tangent Surfaces’. 

                                                
103 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd: 31. 
104 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd: 32. 
105 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd: 34-35. 
106 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd: 21, 44-45. 
107 Cutler, H. B. (1999). Ready to wear architecture. DalTech, Dalhousie University (Canada). M.Arch: 58. 
108 Yoon, J. M. and E. Höweler (2009). Expanded Practice: Howeler + Yoon Architecture/ My Studio. New York, 

Princeton Architectural Press. 
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2.1.2 Manual Model in Architecture Design 

Mills (2005:iv)109  and Morris (2006:15)110 provide an overview of the architectural 

models. Mills (2005:iv)111 indicate that during Egyptian and Greco-Roman times the 

architectural models were made primarily as symbols. Morris (2006:15)112 specifies that 

in the ancient Egyptian tombs objects like models were found that provided visions of the 

afterlife. Morris (2006:15)113 observes the models in Rome before the Emperor parading 

on horse-drawn carriages. Mills and Morris both cite the models, which were used by 

stonemasons in the Middle Ages, which carried particular expertise in the architectural 

sense for the arch building of models rather than for symbolic objects. Morris 

(2006:15)114 points out that the most useful training tools for medieval masons were 

templates, precedents and full-scale mock-ups; but drawing was the major communication 

tool to support the concept of architectural design during the Renaissance. Mills 

(2005:iv)115 states that the models were applied to attract the support of patrons during the 

Renaissance. Morris (2006:15-17)116 points out that the earliest, clearest and most forceful 

person, who advocated the model as a design tool, is Alberti (1404-1472) in the fifteenth 

century. Alberti mentioned the notion of the model as a medium of architectural 

expression and the primary vehicle of the design process. But the model concept and 

three-dimensional design process associated with Alberti’s rules were not realised until 

the early twentieth century, because the model of architectural education in the nineteenth 

century focused on a creation; and in the twentieth century this was an aspect of the 

emergence of an official curriculum.  

 

                                                
109 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
110 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
111 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
112 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
113 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
114 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
115 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
116 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
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Winslow (2008:13)117 discusses Sebastiano Serlio (1475-1554), who is an Italian painter 

and architect, who designs scenery by flat painted panels; but make models for the 

theatre. Winslow (2008:14)118 indicates that the first set model that is used, in line with 

current models, is in the Theatre Royal, Drury Lane, London, which was established by 

the painter and stage designer, Philip James de Loutherbourg (1740-1812); and 

actor/manager, David Garrick (1717-1779). Mills (2005:iv)119 reveal that models were 

depicted with a three-dimensional vision to completely represent the design concept 

rather than with a drawing; whilst architectural education became the dominant training 

for the Beaux Arts. The development of the model grew out of the Renaissance combined 

with specificity and ambiguity of drawing with sculpture in the Beaux Arts by Morris 

(2006:19)120. Mills (2005:iv)121 states that the model began as a means for exploring 

structural ideas and to develop architectural language in the late 1800s such as with the 

work of Antonio Gaudi (1852-1926).  

 

At the turn of the twentieth century, due to the limitations of orthographic and perspective 

drawing, the position of models rose to that of the design tool. Winslow (2008:14)122 

points out that in theatre design, many innovative designers and directors like Adolph 

Appia (1862-1925) attempted to introduce a novel theatrical performance with visual 

prowess, beyond that of the text. Ray (2001:73)123 points out that half of the architectural 

curriculum in the Bauhaus before 1923 had focused on crafting. After 1923 in the 

Bauhaus, the provision of research and development costs were on the innovation of 

design education. Mills (2005:iv)124 also illustrates that in the 1920s and 1930s, the 

integral component of modelling was used in architectural education and practice such as 

the Bauhaus and architect, Le Corbusier. Morris (2006:20)125 states that during the 1940s 

and 1950s, the majority of schools may have accepted modelling as an element of 

                                                
117 Winslow, C. (2008). The handbook of model-making for set designers. Wiltshire, Crowood Press UK. 
118 Winslow, C. (2008). The handbook of model-making for set designers. Wiltshire, Crowood Press UK. 
119 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
120 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
121 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
122 Winslow, C. (2008). The handbook of model-making for set designers. Wiltshire, Crowood Press UK. 
123 Ray, K. R. (2001). "Bauhaus Hausfraus: Gender Formation In Design Education." Journal of Architectural 

Education 55(2): 73-80. 
124 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
125 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
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freshmen courses. During the 1950s, because modernism simplified designs into simple 

platonic solids and the scale and means of model apprehension were missing; the role of 

the model began to wane. Winslow (2008:14)126 states the same situation for modeling in 

that the conceptual aspects of a production were popular within stage design during the 

middle of the century. In many universities, modelling was not commonplace in the 

1960s. According to Morris (2006:23)127 after the exhibition, ‘The New York Five’, at the 

MoMa in 1969 and the resulting book, ‘Five Architects’ in 1975, these publications 

brought about ‘Modern Architecture.’ According to Mills (2005:iv)128 in the late 1970s, 

the model was regained as a powerful tool for exploration, due to a number of new 

branches of spatial exploration. Technologies such as CAD shifted the role of the model 

in the early 1990s to digital simulation modelled design programs. 

 

A. The Design Translator in Architectural Design 

Hamlin (1952); Oldevik and Solberg (2002); Knoll and Hechinger (2006); Morris (2006) 

and Piotrowski (2001) reveal that the model makers, model builders and modellers are the 

design translators within architecture modelling. Morris (2006:17)129 reports that during 

the Renaissance there had been a pressure to separate architects from craftsmen, 

carpenters or masons. Therefore, professionals, who were architects, sculptors and 

painters, played a role in two-dimensional representation. Hamlin (1952:209)130 illustrates 

model makers such as watchmakers, who are people who precisely built primary design. 

Piotrowski (2001:570)131 profiles the career of model builders, who are professional 

renderers, who are either employed by themselves or rarely by large architectural 

companies; who charge the architects and designers. Oldevik and Solberg (2002:555)132 

illustrate architecture modellers as those who ‘identify the components within the area of 

concern, identify their interfaces and describe the details of their interaction.’ Knoll and 

Hechinger (2006:123)133 specifies the job of the model builder as that which determines 

                                                
126 Winslow, C. (2008). The handbook of model-making for set designers. Wiltshire, Crowood Press UK. 
127 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
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Jersey, John Wiley and Sons, Inc. 
129 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
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the setting of the area to be shown and to correspond with the model. They also reports 

that model makers use technologies like laser cutting and rapid prototype machines to 

produce their models.  

 

B. The Model Making Process   

Winslow (2008:159-172)134 illustrates a step-by-step model making process from outlined 

transformation to model presentation via mathematical measurements. Mills (2005:51-

87)135 publishes a technical book of architectural models that classify the connection 

techniques including cutting the sheets, attaching the parts and fitting the components in 

order to construct the model. In his book, the scale, ideas, alternatives, the site, 

manipulation and development are used as section concepts to make the models. 

Subsequently four steps, encompass the initial sketch studies; manipulation and focusing; 

finishing the model and site and further exploration, forming the basis of the model. Muro 

and Watanabe (1994:10-16) 136  publish a technique book on architectural modeling 

proposing the modeling project in terms of the scale, materials and time; and 

subsequently, the construction of the site, the model foundational part, and the internal 

and external space of the model. However, Morris (2006:40)137 illustrates an architectural 

design process from the perspective of the designer. Firstly, the thought processes 

associated with the design are taken into consideration. Secondly, the sketching and 

drawing of undertrained plans, and elevations or sections with evocative notations for 

future work are provided. Modeling was the final step in the design realization. 

 

C. The Physical Model 

Morris (2006:13)138 illustrates some advantages and disadvantages associated with the 

physical model. The physical model significantly benefits from model communication, 

playing a role in the selling of a project to a client; triggering memories or associations of 

                                                
134 Winslow, C. (2008). The handbook of model-making for set designers. Wiltshire, Crowood Press UK. 
135 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
136 Murao, N. and Y. Watanabe (1994). Making and using of architecture model. Tokyo, Shokokusha Publishing Co., 
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137 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
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childhood; helping to understand and evaluate the whole project in advance of the parts 

and realise the project in a three-dimensional form. Conversely, traditional models can 

take time and money, requiring utilisation of special materials, involving a certain level of 

awkward craft skill, and can be misinterpreted. Mills (2005: iv139 cited from Damon) has 

stated that the ‘physical model will never go away.’ This is because it can offer 

immediacy and a direct vital relationship within design development. Nevertheless, the 

virtual experience cannot easily overcome the condition of inherent removal. Mills also 

quotes Glymph and Gehry Partners LLP, who believes that the digital model have serious 

potential for error. Winslow (2008:137-143)140 compares virtual and real world models 

and suggested that the hand-made model can provide ‘user friendliness’ more readily than 

the digital model. Especially, when the physical model can simply demonstrate or 

experiment with a set design. Winslow marks most designers, who still adopt traditional 

media, drawing by hand attempting to accurately produce a scale drawing. Mills 

(2005:iv)141 indicates that the technique of the rapid prototype model come across at 

reconnecting digital and physical design methods. Winslow (2008:137-143)142 states that 

a computer can be both an accurate and reliable tool for the purpose of computer-aided 

design (CAD); computer-aided manufacturing (CAM); rapid prototyping (RP) and rapid 

manufacturing (RM). The details of computer-aided systems have been illustrated later 

on. 

 

D. The Working Drawing and Template 

Winslow (2008:53)143 states that the working drawing is used to detect any errors in the 

drawing and provides a traceable set before the construction of the model.  Normally, a 

plan such as the front and side elevations will be sufficiently required. The model maker 

will need to transfer the drawings of the designer onto card or mount board for cutting 

out. In the technical drawing, after using a hard pencil to draw a fine line and applying 

scale rulers to take measurements; the drawing can be obtained with a high degree of 

accuracy. Graphite paper parts will subsequently be traced onto the cardboard and the 
                                                
139 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
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drawing attaches to the card with drafting tape to copy the outlines of the shapes. A very 

sharp, hard pencil will be used to produce thin and accurate lines. However, some model 

makers intend to cut out both paper and card by gluing the working drawing onto the card 

directly with a spray adhesive. Mills (2005:40-44)144 suggests that the template is the 

quickest method for transferring drawing information to model components and provides 

a traced outline directly from drawings without the use of a ruler.  

 

E. The Solid Contour Model 

Mills (2005), Murao and Watanabe (1994) and Winslow (2008) provide four methods to 

make the contour model. Construction of the contour model physically employs the 

concept of mathematical cross-section and contour lines. Mills (2005:46-48)145 illustrates 

the steps for preparing, producing and assembling graded and scaled desired contours as 

landscapes. Winslow (2008:125-126)146 reveals a mathematical method for using the 

cross-section as a contour to make a tree. Murao and Watanabe (1994:24-25)147 show two 

methods for making a solid contour model, which develops the contour from a flat piece 

of paper and a coordination sheet with X and Y positions (Figure 2-7 and Figure 2-8). 

 

                                                
144 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 

Jersey, John Wiley and Sons, Inc. 
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Figure 2-7 Developing the contour from a flat piece of paper148. 

 
Figure 2-8 Developing the contour from a coordination sheet with X and Y positions149. 

 

2.2 3D to 3D 

The section has illustrated five modelling methods that have been generated from the 

physical model and from the three-dimensional interface which include: draping; CAD 

and CAM; the Plushie system; the Origami system; the Parametric Pattern Generator and 

the Draping, Parametric Pattern Generator which are described in the garment aspect. 

Applications such as CAD and the Plushie system realises the design sketch by computer. 

2.2.1 Draping 

According to Fischer (2009:126)150 draping is a clothing technology used in a structured 

variety of garment forms. Fischer (2009:120-135)151  publishes a technical book of 

garment construction that defined draping as the modelling or shaping of a piece of fabric 

on a mannequin or a life model. Kawlra (2010:126)152 illustrates that the two earlier 

publications revealed the techniques associated with wrapped and draped clothes in Asia. 
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The fashion plates and design books (hinagata) of kimono design published in the 

seventeenth century and in the museums and contemporary exhibitions and catalogues 

captured the colonial documentation of saris in the nineteenth century.  

According to Park (2010:448)153 classical draped and wrapped garments such as those 

inspire by Greek art led to the development of draping techniques in contemporary 

fashion. Drudi (2007:15-82)154 writes a book to illustrate a historical overview of the 

wrap and drape garment, which can be traced back to ancient Greece. Dhamija 

(2010:19)155 and Drudi (2007:15-82)156 both report that the religion is an important factor 

in the development of wrap and drape clothes, which are adopted around Europe, Asia, 

Africa, America and Polynesia. Moreover, Kawlra (2010:116)157 and Drudi (2007:48-

55)158 both suggest that religion is also an element for wearing draped or wrapped 

garments such as in Islamic dress. Dhamija (2010: 3, 19-29 and 61-71) studies Asian 

dress and draped garments during the Vedic period in India. Kawlra (2010:115-126)159 

identifies three major factors affecting the three component parts of saris in India. 

Vogelsang-Eastwood (2010:4) 160  defines the four standards of draped or wrapped 

garments in Central and Southwest Asia. Fischer (2009:130-131)161 and Nakamichi 

(2011:26-35)162 conclude that the square, circle, triangle and rectangle are the four major 

patterns for constructing a geometrically draped garment. Nakamichi emphasises the 

details of making the geometric shape wearable. According to Langle (2005:13)163 and 

Teng (2001:224)164, fashion designers such as Pierre Cardin (1922~) and Yeohlee Teng 

(1955~) design wearable geometric shapes in their collections.  
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A. Draping techniques 

Fischer (2009:120-135)165 indicates that the first couture designers devoted themselves 

towards the art of draping including as Madeleine Vionnet during the 1920’s and Madame 

Alix Greece during the 1930’s. Park (2010:448-449)166  reportes that many fashion 

designers use ancient Greece as a reference for designing draped and wrapped garments 

such as the minimalistic designs of Roy Halston Frowick in the 1970s; the modern 

reinterpretation of classicism of the Japanese designers in the 1980s; the sexy manner of 

draping used by Alberta Ferretti, John Galliano, Tom Ford and Donatella Versace in the 

1990’s and Nina Ricci and Oliver Theyskens in the early 21st century.  

 

According to Zangrillo (1990:143)167 the draped block in pattern production provides a 

better fit, accuracy of proportion, speed and exactness when compared with flat pattern 

drafting; due to working on the three-dimensional form. Draping techniques, which are 

associated with the grain line of draping; plumb theory; notch theory and the body 

contour method all assist in improving the accuracy of design realises for the ability of the 

drape sample. McCann et al., (2009:251)168 illustrate that the draping steps generally 

includes the draping techniques as the process. Firstly, the pattern makers use fine tape to 

mark the stand. Secondly, the creation of a full pattern for a symmetrical style in the 

technical garment is used to draw the pattern on one half of the stand; and is subsequently 

mirrored to illustrate the full pattern. Seivewright (2007:106)169 reports that base on the 

weaknesses of the pattern-making, the advantage of draping includes the employed 

techniques of folding, pleating, gathering of the fabric to achieve complex shapes either 

without a pattern or through the adoption of an existing pattern in the draping process. 

After the work of Amaden-Crawford (2000:16-18)170 and Fischer (2009:124-127)171 

foundational draping knowledge is categorised into three major techniques: the grain line 

of draping; marinating the balance pattern (plumb theory) and body contouring. Amaden-
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Crawford (2000:20-22)172 indicates that the notching theory of draping also provides a 

significant concept for drapers to identify, produce and sew the notched and matched 

patterns. According to Fischer (2009:127)173, Tim Williams investigated the technology 

of body contouring in the late 1990’s and helped to make up a sample in the early stage 

from the first pattern. He not only agree to make an initial sample as early as possible and 

illustrated visual feedback of the design shape; but also applies the method of body 

contouring into many design areas such as the film industry, lingerie, swimwear and 

sportswear. Based on the foundational knowledge of draping, the constructors create 

accurate patterns quickly on the form of the stand. The first step is to start from the three-

dimensional dummy to generate a pattern and fit the mannequin after drawing the seams. 

The second step utilises the techniques of pattern manipulation to grade the pattern and 

either increase or decrease the variation. The most critical application of the technique is 

subsequently to evaluate the fitting, comfort and movement of the sample. Nakamichi 

(2011:8-10)174 employs the draping techniques of body contouring and the notch method 

in creating the accurate three-dimensional form with design lines. 

 

B. Creating Volume 

Sorger and Udale (2006:98)175 and Seivewright (2007:106)176 define volume, in fashion 

terms, as released excess fabric in the garment. Sorger and Udale (2006) illustrate that the 

volume is no longer created following the human form and therefore alters the silhouette 

to some degree. Seivewright (2007) states that ‘a garment have volume often moves away 

from the natural curves of the body, creating new silhouettes.’ Sorger and Udale (2006) 

emphasise that the seam, dart and pleat are the three methods to gather the volume. 

Subsequently the flare method can be used to add additional volume and cut and flare the 

panel of a garment.  

 

C. Paper-Tape Dress Form of Plus Size Pattern-Making 

                                                
172 Amaden-Crawford, C. (1996). The Art of Fashion Draping. New York, Fairchild Publications. 
173 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
174 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
175 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
176 Seivewright, S. (2007). Basics Fashion Design: Research and Design. London, AVA Publishing. 



 29 

According to Ellison (2010:180) 177  standardised clothing can intensify body size 

awareness. She suggests that the language over the past 100 years had shifted from 

‘oversized’ to ‘plus-sized’. According to Deckert (2002:38)178 since the 1930’s the paper-

tape dress form is a solution for making a personalised body block. This method will take 

around two hours and will involve a length of paper tape (six hundred fit) with a roll of 

two inches wide. She divides the method into six steps from the recommendation of 

measurement underwear to the completion of the form. The paper-tape dress form is 

lightweight, firm, smooth and durable; but can also exactly represent the posture and the 

body variations of the person, who is wrapped. She indicates that these advantages help to 

design style lines accurately, simply and cheaply. The accuracy of the circumference 

measurement of the form performs well and helps to fit; but the variation, which is 

shown, is slightly larger, due to the wrapped three layers. She applies this method to 

illustrate a body block of a plus-size body (Figure 2-9).  

 
Figure 2-9 The completed tape form and the steps of making the form179. 

 

2.2.2 Using CAD, CAM, RP and RM in the Design Production of Fashion and 

Architectural Design 

Wohlers (2005)180 indicates that the technology of rapid manufacturing (RM) is based on 

rapid prototyping (RP) and the three-dimensional CAD model. According to Hopkinson, 
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Hague and Dickens (2006:15) 181  the design and CAD data provide the finished 

components in its three-dimensions to the technologies of current RM. Chua, Leong and 

Lim (2010:24)182 point out that CAD is a general prerequisite in the RP process. 

Therefore, this section will review the technologies of design realisation by CAD, CAM, 

RP and RM. 

 

A. CAD and CAM 

The technologies of design realisation have improved the modern methods for realising 

design, production and manufacturing. Luo and Frank (2010:100) 183  indicate that 

historically craftsmen apply lathes, use a mill and other woodworking machines to make 

patterns. In some case, pattern shops produced and designed these patterns. Elanchezhan, 

Selwyn, and Sundar  (2007:1)184 and Winslow (2008:138,143)185 define the function of 

CAD and CAM. They argue that integration of the use of any computer system, which 

could help to create, modify, analyse or optimise a design is CAD. This also benefits 

computer-aided engineering. Conversely, they indicate that CAM within the 

manufacturing process could facilitate non-design activities in order to plan, manage and 

control the operation of a manufacturing plant. 

 

He and Han (2006:741)186 state that Sutherland (1964:329)187 in a study involving a 

sketchpad in 1963 represented the beginning of computer-aided design (CAD). According 

to Sliwka (2004:52-56)188 after Sutherland’s research, CAD plays an important role in the 
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design processes as in the technique of mass-customisation. Lim (2004)189 illustrates that 

using CAM forms a physical model from the execution of the simulated model. Gao 

(2004)190 reports that the parameter setting of the virtual model is a significant element to 

control that of the silhouette, because using the technology associated with modern 

machinery such as the rapid prototyping machine of the Computer Numerical Control 

(CNC) are controlled by the file data (scripts).  

 

B. Using CAD and CAM in Fashion and Architectural Design 

Luo and Frank (2010:100)191 report that the emergence method reduces the need for hand-

made or manual patterns in the construction industries. Magnenate-Thalmann 

(2010:139) 192  states that designers create three-dimensional clothes based on two-

dimensional patterns by employing simulation tools within clothing design. In garment 

design, Hunter and Fan (2004:125-130)193 illustrate that the Gerber, PAD, Maya and 

Syflex systems are commercial CAD systems associated with drape modelling. Yu 

(2004:144)194 also describes the CAD development of three-dimensional body scanning 

as being researched in France and Germany.  

 

Kwong (2004:202, 206 and 213-225) 195  published an overview of the use and 

development of the CAD system in pattern generation and three-dimensional apparel for 

the garment industry. She states that garment technicians used Gerber, Lectra, 

Investronica, Assyst, PAD and Optifex as CAD programs to alter patterns. Pattern 

generation from ‘made-to-measure’ is supported not only by commercial CAD-CAM 

systems like Gerber and Lectra, but also by the Clothing Design Expert System from the 

University of Maryland. She indicates three-dimensional apparel CAD developments, 
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which are the computer generates three-dimensional human model for accessing the 

garment form such as Asahi AGMS-3D 196 , three-dimensional systems for three-

dimensional garment form generation like AGMS-3D, the CDI Design concept 3D197, 

Lectra, Gerber, PAD, Investronica, Optitex and computer integrated manufacturing in 

textiles 198  199 , the flattening of the three-dimensional garment form into a two-

dimensional garment pattern. For example, the research of Hinds, McCartney and Woods 
200; McCartney, Hinds and Seow 201; Kim and Kang202 and Wang, Smith and Yuen 203 and 

the fabric model and garment fit is studied by Fozzard and Rawling (1991 and 1992)204 205 

in dressing visualisation; Okabe, Imaoka, Tomiha and Niwaya (1992)206 in 3D-2D and 

2D-3D; Hinds, McCartney, Hadden and Diamond (1992)207 in two-dimensional material 

fit and three-dimensional surfaces and Yuen (2000)208 in three-dimensional software. 

 

Winslow (2008:138)209 discusses a range of manufacturing techniques such as CAD, 

CAM, laser cutters and AutoCAD offer to access machinery. Winslow illustrates the steps 

of CAM, which complete a file in AutoCAD and is printed to scale on the Spectrum Z510 

3D printer. After completion by rubbing with graphite from a very soft pencil, it realises a 

full-scale model. Lim (2010)210 takes the design of Frank Gehry for example, whereby in 

1990 Gehry had successfully utilised the digital techniques of CAD-CAM in the design 
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and construction process of his fish sculpture project in Barcelona. Morris (2006:158-

185)211 takes the case of Jawad al-Tabtaba’i, Steve Turk and Ebru Simsek to evidence 

architects, who employed virtual estimations of CAD in their projects. He also points out 

that CAM is a tool to recapture the standard scale model that is applied by architects such 

as Keagan Wilson and Greg Lynn. He illustrates the worldwide resources of CAD-CAM, 

which are modelling software such as Maya, SketchUp, Rhino 3D and 3ds Max 

Autodesk, CNC routers like AXYZ Automation, Techno and the ShopBot Tool, 

digitisers: Immersion Corporation in the USA and water jet system. 

Igarashi, Matsuoka and Tanaka (1999:409-416)212 published a Java™ program, ‘Teddy’, 

which is applied to the sketching interfaces quickly and easily designing freeform models, 

such as stuffed animals and other rotund objects. Igarashi et al., illustrate the steps of 

virtual modelling operations, which created a new object, and involved painting and 

erasing on the surface, extrusion, cutting, smoothing and transformation. The further 

development of applying this application to assist in the design process is described in the 

coming sections on the Plushie system and rotational origami. 

 

C. Prototype and prototyping 

Barkan and Iansiti (1993:125-134)213 state that various stages of the design time line are 

necessary to build prototypes such as computer simulations and system models. They 

indicate that prototypes provide a common role for multidisciplinary groups to resolve 

design questions; to be constructed as a learning tool and communicative tool during 

testing and to minimise the cost of detection and correction during early discovery. Chua 

et al., (2010:4)214 report five major roles of prototypes, which are experimentation and 

learning; testing and proofing; communication and interaction; synthesis and integration 

and scheduling and markers. Chua et al., (2010:1)215 divide the prototype definition 

generally into three aspects, which are the prototype implementation of the entire product 
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(or system) to its sub-assemblies and components, the prototype form from a virtual to 

physical prototype and the degree of approximation of the prototype from a very rough 

representation to an exact replication of the product.  

 

Barkan and Iansiti (1993:125-134)216 specify the role of physical prototyping, which 

includes mock-up, subsystem and full system prototypes. Pre-project planning; defining 

and assessing the product; clarifying the concept; communicating the concept and 

estimating the cost are the major targets of the mock-up prototype. The subsystem 

prototype addresses the issue of the selected concept; the coordinating team; process and 

product confirmation, integration of the feasibility of the components, early problem 

identification and life testing and acting as change-drivers. The full system prototype can 

be used to highlight system interactions, to act as product schedule drivers and to be 

predicators of the ultimate product quality. 

 

D. Rapid prototype 

Kamrani and Nasr (2006:1)217 and Chua et al., (2010:11)218 defines RP as traditionally 

providing a physical representation in a short timeframe. Chua et al., (2010:9) 219 

illustrates that rapid prototyping develops from manual prototyping, which is taken from 

the section of manual architectural modelling. They suggest that during the mid-1970’s 

virtual prototyping had been exactly simulated and tested with mechanical and other 

properties. RP subsequently assists the manufacturing of the product, but employs a hard 

prototype and limited testing. Yu (2004:35)220 illustrates the Digital Human Laboratory in 

Japan in collaboration with the Bunka Fashion College, which manufactures the dress by 

rapid prototyping. Morris (2006:198)221 states that Stratasys Inc., 3D systems Corporation 
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and Z Corporation are all companies, which provides rapid prototypes and three-

dimensional printers for architecture design.  

 

According to Chua et al., (2010:7)222 the developments of RP and computer applications 

in the industry are close. They states that the existence of CAD helps with the emergence 

of the RP system. Koren (1983)223 states that the histories of RP and related technologies 

had been investigated since mechanisation in 1770. Subsequently, Chua et al., state that 

the first computer; numerical control (NC) machine tool; commercial laser and CAD 

system were investigated in 1946, 1952, 1960 and 1963. Remarkably, the RP research of 

Kodama (1981)224 presents a novel method for the automatic fabrication of a plastic three-

dimensional model that exposed liquid photo‐hardening polymer to ultraviolet rays, and 

stacked the cross‐sectional solidified layers which formed a solid model. According to 

Chua et al., (2010:7)225 the RP system is commercially engaged in 1988. Chua et al., 

(2010:10)226 illustrates three fundamentals of rapid prototyping, which are using CAD-

CAM to model a model or component, building the solid or surface model and converting 

it into a format dubbed the “Stereo Lithograph (STL)” file format that originated from the 

three-dimensional system and utilising a computer program to analyse an STL file to 

define the fabrication and slices into cross-sections of the model. Chua et al., also points 

out that the input, method, material and applications are the four major aspects of RP.  

 

E. Rapid Prototype Process Chain 

Chua et al., (2010:25)227 state that the subtractive, additive and formative fabrications are 

the three foundational technologies used to make RP. However Kolarevic (2001)228 

                                                
222 Chua, C. K. et al. (2010). Rapid Prototyping: Principles and Applications. London, World Scientific Publishing Co. 

Pte. Ltd. 
223 Koren, Y. (1983). Computer control of manufacturing systems. London, McGraw-Hill Book Company 
224 Kodama, H. (1981). "Automatic method for fabricating a three‐dimensional plastic model with photo‐hardening 

polymer." Review of Scientific Instruments 52(11): 1770-1773. 
225 Chua, C. K. et al. (2010). Rapid Prototyping: Principles and Applications. London, World Scientific Publishing Co. 

Pte. Ltd. 
226 Chua, C. K. et al. (2010). Rapid Prototyping: Principles and Applications. London, World Scientific Publishing Co. 

Pte. Ltd. 
227 Chua, C. K. et al. (2010). Rapid Prototyping: Principles and Applications. London, World Scientific Publishing Co. 

Pte. Ltd. 
228 Kolarevic, B. (2001). Digital Fabrication: Manufacturing Architecture in the Information Age. Reinventing the 

Discourse, Buffalo, NY, University of Waterloo School of Architecture Press. 



 36 

specifies that the four digital fabrications in architecture, which includes two-dimensions 

are fabrication, subtractive fabrication, additive fabrication and formative fabrication. 

Chua et al., (2010:26-33)229 reveal that the manufacturing process for the RP involves five 

steps: which are the advanced three-dimensional model in CAD; data conversion and 

transmission; checking and preparing and building and post processing. The National 

Research Council (1990) 230  states that proof-of-concept; proof-of-product; proof-of-

process and proof-of-production are the four types of prototype associated with RP, which 

correspond to stages in the product development process. Chua et al., (2010:13-17)231 

presents the benefits of RP into two classes: direct advantages for the product designer 

and the manufacturing engineer; and indirect contributions for marketing and consumers.  

 

F. Rapid Manufacturing  

According to Hopkinson et al., (2005:1)232 RM has been defined as ‘the use of a computer 

aided design CAD-based automated additive manufacturing process to construct parts that 

are used directly as a finished product or components.’ Hopkinson et al., (2005)233 states 

that the manufacture of end-use components without the application of conventional 

tooling is RM.  Hopkinson et al., (2005:175-282)234 report that many industries including 

the aeronautical, construction and retail industries, medical and automotive applications 

and design manufacturers employ the technologies of RM. Hopkinson et al., (2006:13-

15)235 states that RM textile sheets, garments or products are the current manufacturers of 

RM.  Bingham, Hague, Tuck, Long, Crookston and Sherburn  (2007:96-105)236 publish a 

paper about using current laser sintering technology to establish the first full conformal 

(body fitting) textile to directly produce the RM of a dress. They take design freedom and 

unrivalled ability from RM technology to address the geometry of increasing complexity 
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in smart textiles. The research of Bingham et al., (2007)237 cite in the book by Blair 

(1972)238 indicated the structure of chain mail for armour before the fourteenth century. 

Kyttanen and Evenhuis (2003)239 and Freedom of Creation (2003)240 report that the 

research of Kyttanen and Evenhuis in 1999 is the first method proposed for applying RM 

to the manufacturing of an entire sheet of chain mail in one manufacturing process. 

Bingham et al., (2007:98)241 indicates that RM textiles conventionally moves away from 

continuous fibre type geometry to fibre-based textiles. 

 

2.2.3 The Plushie System 

The research pertaining to the Plushie system reveals the model realisation of toy design, 

which presents a similar route as garment modelling in dimensional transformation such 

as design sketching, pattern-making, pattern cutting and sewing. Igarashi and Igarashi 

(2009: 81)242 state that within the transformation process ‘one can build a virtual three-

dimensional model on a computer using computer-aided design (CAD) and use the model 

to run various simulations with computer-aided engineering (CAE) without the need to 

build or damage costly real objects’. They indicate that many areas employ the benefits of 

CAD and CAM, for example, architecture and automobile design. 

 

Igarashi and Igarashi (2009: 81-87)243 suggest that the designing tool for real world 

objects is the computer. They state that Plushie have been implemented as a Java™ 

program that provides the construction of two-dimensional patterns and a physical 

simulation run in real-time on the computer. They use Plushie on a Plush-toy system to 

experiment a modelling session. This takes 10-20 minutes to design and 3-5 hours for the 

sewing of the toy. Subsequently, professional balloon designers evaluate the Plush-toy 
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system in the interview that have originally commented on the time reduction and the 

balloon design. They state that one of the associated benefits of Plushie is that it is always 

realisable, which includes the readily usable flat pattern for cutting and sewing. Igarashi 

et al., (1999:409-416)244 present a revelation of the Teddy system, which is the sketching 

interface component of Plushie. It recognises the users’ strokes of the sketch silhouette 

and the generation of a three-dimensional model in the design of the free-form model. 

The user adds parts by drawing two strokes to correspond with the virtual model. 

Igarashi, Igarashi and Suzuki (2008:1738)245 illustrate significant research, which have 

proposed various methods to make physical toys from virtual three-dimensional models. 

Voxels246, ShapeShop247, Fibermesh248 serve the sketching system for free-form shapes.  

 

Mori and Igarashi (2006); Igarashi et al., (2008) and Igarashi and Igarashi (2009) 

demonstrate the capability of model realisation in toy design. Mitani and Suzuki (2004: 

259-263)249 and Shatz, Tal and Leifman (2006:825-834)250 study the methods of creating 

paper craft models. Julius, Kraevoy and Sheffer  (2005:981-990)251 and Mori and Igarashi 

(2006)252 create stuffed animals from three-dimensional virtual models. Mori and Igarashi 

(2007:45)253 use the Plushie system to design original stuffed animals by the combination 

of a three-dimensional process and physical simulation (Figure 2-10). Igarashi et al., 

(2008:1737-1743)254 introduce an automatic method in toy design for producing knitting 

patterns from a three-dimensional model. Based on the Plushie system, Igarashi and 
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Igarashi (2009:81-87)255 refine the plush-toy system as accessible via CAD and CAM to 

ordinary users. 

 
Figure 2-10 The steps of using Plush-toy system256. 

 

A. The Modelling Process of the Plush-toy System 

According to Igarashi and Igarashi (2009:81)257 the role of the plush-toy system is a 

simple and powerful modelling tool for users to design their own toys. The system 

integrates a sketching interface with simulation in the modelling process. This system 

consists of two windows, which illustrated the three-dimensional plush-toy model being 

constructed; and the other one shows the corresponding two-dimensional pattern. They 

describe the realisation process of the system which is that after which the user drew the 

desired silhouette; and the system generates a three-dimensional plush-toy model 

automatically and the corresponding two-dimensional pattern. Subsequently, the users 

edit either the virtual model or the flat pattern so that these two projects are updated 

automatically. The special editing of the tailored plush-toy design not only serves the 

creation of a new model, and the cut, pull and creation of a part; but also insertion and 

deletion of seam lines and operations on the flat pattern view. The three-dimensional 

simulation physically mimics the inflation of sewing a two-dimensional cloth patch. The 

prints design pattern is then sewed as a real toy. They held a workshop in a museum to 

observe the usability of the system for non-professional users. This included nine 

children, aged between 10-14 accompanied by their parents.  
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2.2.4 Using a Three-Dimensional Origami System in Fashion Design  

Issey Miyake and his reality laboratory project team exhibited ‘132.5 Issey Miyake’258 

between 16th November and 26th December 2010 in the 21_21 Design Sight Exhibition in 

Tokyo, Japan. According to Cameron (2011:86-89)259 the exhibition web page and the 

official website260 of Issey Miyake states that the techniques of the exhibition are derived 

from recycled polyethylene terephthalate (PET) of drinking bottles; and employs the 

curved origami forms of Jun Mitani’s research. Cameron states that Issey Miyake and his 

team had attempted to find a way to address the recycling of fabric with foldable, 

flattened and wearable patterns.  

 

A. The ORI-REVO System 

Jun Mitani cooperates with Issey Miyake in his research, and also published origami 

books and papers such as ORI-REVO, which is a three-dimensional design applicant of 

rotational origami. The web log261 of Mitani provides a free download of the PC and Mac 

version for the ORI-REVO installation. Cameron (2011:86-89)262 quotes Mitani with 

regards to his design stating that, ‘my application develops the three-dimensional and the 

two-dimensional pattern at the same time.’ Mitani (2009:71)263 states from the book by 

Demaine and O’Rourke (2007)264 that the designing of origami for scientific study have 

been widely investigated just like architecture and industrial packaging. He also reports 

that some useful computer applications have been investigated related to the techniques of 

designing crease patterns of complicated shapes like ‘Tess’265 and the ‘Tree Maker’266. 
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Three-dimensional structured origami is a popular study within the majority of the 

research pertaining to flat foldable origami that includes ‘Tess’ and the ‘Tree Maker’. 

Demaine and O’Rourke (2007)267 state that there is evidence for the difficulty of the 

curved surface. Mitani (2009:71) 268  illustrates the difficulty of designing three-

dimensional origami; and the design of three-dimensional origami with a curved surface 

is deemed more challenging. Huffman (1976:1010-1019)269 and Fuchs and Tabachnikov 

(1999:27-35)270 research the basic theory of curved folding. Kilian, Flöry, Chen, Mitra, 

Sheffer and Pottmann (2008:1-9) 271 propose a computer construction method for a curved 

origami shape. Subsequently, Tachi develops a software program called the 

‘Origamizer.’272 Tachi (2006:259-272)273 also publishes a method for generating very 

complicated three-dimensional shapes. Mitani (2009:69-79)274 provides a method for 

rotational origami to generate the crease pattern from an input poly-line in Figure 2-11. 
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Figure 2-11 The generated pattern and the simulate shape of the ORI-REVO system275. 

 

2.2.5 The Parametric Pattern Generator  

TPC (HK) Limited276 has served technical fashion since 1992. The major concepts of 

their applications are to provide a good fit and a nice-look. They provide a digital garment 

solution for the apparel industry from their official website of TPC Limited277.  

 

This web page illustrates that the garment technological software, Parametric Pattern 

Garment (PPG), employs a scientific approach and practical application to create the 

innovative pattern making process. The pattern making process of PPG takes place after 

the creation of a virtual mannequin, designed directly on the simulated stand. The next 

stage involves any editing of the silhouette, which corresponds to the pattern graphic. 

Therefore, this application illustrates an interaction of the three-dimensional garment 

between the virtual mannequin in line and the flat pattern. The advantages of PPG are 

divided into three points, which are improving the accuracy of fitness quality: Based on 

the body scanning technology, the users creates a design on the scanned model, which is a 

virtual mannequin, expending the pattern design process: Garment patterns are generated 

simultaneously in the design process and created automatic grading and cost 

effectiveness: A better-fit garment improves the efficiency of making the sample.  

 
Figure 2-12 The design concept of Parametric Pattern Garment278. 
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Some of the sizeable manufacturers in Europe, North America, Australia, Malaysia, 

Thailand, Mainland China and Hong Kong investigates the benefits for improving the 

quality of the production time, the fit problem and cost control through the TPC Limited 

website. 

 

2.3 3D to 2D 

In the fashion design process tracing the draped and flattening pattern are the two clothing 

techniques to obtain a surface pattern from a physical sample.  

 

2.3.1 Tracing the Draped Pattern 

According to Shoben (1988:6)279 tracing the draped pattern is one of the methods use to 

examine the garment shape and make the pattern positions in a generating pattern. Ingold 

(2010:15)280 discusses the terms of trace in the cloth and cultural studies. He reports that 

additive traces can draw a line using a range of manual tools in order to deliver a material 

pigment to a surface, such as charcoal on paper or chalk on a blackboard. Lassig 

(2010:292)281 illustrates the technical evidence of tracing in the museums of New Zealand 

during times of hardship like World War II. She indicates that tracing a pattern onto 

newspaper or onto cheap butcher’s paper is a common method used in order to share 

patterns with friends and family. According to Dickson (2010:80)282, in the nineteenth 

century, one page printed pattern often served for the detailing of three to four garment 

patterns. Emery (2010:557)283 points out that the supplement of pattern sheets associated 

with Harper’s Bazaar was printed on two sides. Amaden-Crawford (1996:25)284 defines 

                                                
278 TPC Limited. "TPC Software: Concept & Functionality." http://www.tpc-intl.com/software.asp ,Retrieved 30 May, 
2012. 

279 Shoben, M. (1988). Patterns from Your Favourite Clothes. Oxford, Heinemann Professional Publishing Ltd. 
280 Ingold, T. (2010). "Transformations of the Line: Traces, Threads and Surfaces." Textile: The Journal of Cloth and 

Culture 8(1): 10-35. 
281 Lassig, A. (2010). Dress and Fashion in New Zealand. Berg Encyclopedia of World Dress and Fashion. M. Maynard. 

Oxford, Berg. Volume 7- Australia, New Zealand, and the Pacific Islands 288-295. 
282 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 

Berg. Volume 3- The United States and Canada: 80-86. 
283 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 

284 Amaden-Crawford, C. (1996). The Art of Fashion Draping. New York, Fairchild Publications. 



 44 

the pinning and tracing process trued the markings of draped fabric onto the patterned 

paper. 

 

A. Tracing Techniques 

Shoben (1988:6-88)285 publishes a book about taking patterns from a garment using 

tracing techniques. It illustrates four methods of tracing patterns: fold and spike; spike 

and pivot; direct measurement and over drape. He uses the fold and spiking method on 

simple sketches; utilises the spike and pivot method in drawing darts; applies the direct 

measurement method with the directly measureable styles and employed the over drape 

method to take complicated garment sections. The complicated design styles have 

difficulty lying flat on the table. He suggests that some garments require a combination of 

tracing methods. Shoben (1988:8)286 states that the final steps use to complete the tracing 

were: checking the measurements of the pattern; checking whether the seams and length 

have been drawn accurately and subsequently adding the seam allowances. 

 
Figure 2-13 Using tracing techniques to copy the pattern from a cloth287. 

 

B. Pattern Flattening 

According to Xiu, Wan and Cao (2010:980)288 the ‘Pattern flattening technique from the 

three-dimensional apparel model is to flatten the designated 3D surface to a 2D plan 
                                                
285 Shoben, M. (1988). Patterns from Your Favourite Clothes. Oxford, Heinemann Professional Publishing Ltd. 
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287 Shoben, M. (1988). Patterns from Your Favourite Clothes. Oxford, Heinemann Professional Publishing Ltd: 5. 
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through 3D to 2D transformation.’ Yang and Zhang (2007: 336)289 state that the technique 

of pattern flattening is used in a variety of applications such as the aircraft, shoe and 

garment industries. Many studies such as Okabe et al., (1992);290 Fontana, Rizzi and 

Cugini (2005)291 and Zhong and Zu (2009)292 focus on the research of the pattern 

flattening technique from individual three-dimensional models. According to Xiu et al., 

(2010:980)293 the three essential technologies include the physically based cloth model; 

transformation from 2D to 3D, or 3D to 2D, and 3D visualisation in order to comprise the 

three-dimensional CAD system.  

Yang and Zhang (2007:336)294 publishes a paper, which suggested that geometrical 

flattening and physical flattening are the latest theoretical studies into surface flattening. 

The concept of geometry flattening involves taking the spatial data and translating the 

projection into the chain-linking x and z plane of the segments; and into the contours of 

individual 2D cutting patterns like the research according to Parida and Mudur (1993)295; 

Shimada and Tada (1991)296; Yang, Liu, Xiao and Wang (2001)297 and Petrak, Rogale 

and Vinko (2006)298. Yang and Zhang stated that Wang, Wang and Yuen (1999)299; Wang 

et al., (2003)300 and Wang et al., (2005)301 investigate the technique of physical flattening 

that representes garment models as triangular or rectangular grids with points of finite 

mass at the intersections. Yang and Zhang also suggest that many commercial three-
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dimensional garment CAD systems, for example Gerber, PAD and DressingSim, have 

adopted the flattening technology to develop patterns.  

 

2.4 2D to 2D 

This part reveals the two-dimensional methods that have been used to generate patterns in 

fashion design, which include the concept of the body section and the template. 

 

2.4.1 Grading the Body Section  

A. The body section of size measurement and grading. 

The concept of the body section applies the technology of size, measurement and grading 

to modify a basic pattern. McNeil (2010: 36)302 states that the concept of ‘slicing’ up a 

body into components came from creating the art garment form. Taylor and Shoben 

(1990: 61-63)303 use the pattern of body slides to provide evidence of changes in body 

between the British Size 12 and Size 22 based on body sections in Figure 2-14. Cooklin 

(1990)304 and (1992)305 show the technology of grading patterns based on body sections. 

The concept of the body section has been of significance within clothing design research. 

For instance, Heisey et al., (1988)306 and Kang and King (2000)307 focus on CAD grad 

development by use of the body section. Yu, Fan, Qian and Tao (2001)308 applies the 

body section to investigate the manufacture of the soft mannequin. Winakor Marvin and 

Part (1990) 309  study the cross-sectional view of the body section to develop the 
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experimental pattern of the geometric model. Taya, Shibuya and Nakajima (1995)310 use 

the cross-section to study the clothing waveform associated with clothing fit.  

 
Figure 2-14 Left: major body sections of size 12 with those of size 22.  Right: Body growth area from size 12 to 

size 22311. 

The concept of body section is not only being taken with regards to measurement, sizing 

and grading by clothing technicians; but also applies as a contour in the landscape model 

of architecture by model makers. Murao and Watanabe (1994)312 illustrate one of the 

methods used to make an architectural landscape; that of contour lines. Mills (2005: 19 

and 47)313 illustrates the five types of site contour models and the methodology for 

making the counter model. Mills also highlights that a series of rise or fall layers exists 

within the landscape model. Winslow (2008: 125-126)314 publishes a contoured method 

that evaluates the silhouette in terms of front, back and side views and slices the 

silhouette into seven contours to build the model. Yoon and Höweler (2009: 73-75)315 

adopt the contour lines as sections in building the architectural landscape. Thompson 

(2003: 126)316 reports that the young architect, Meejin Yoon, have studied the female 

torso and have built the physical model via the establishment of a digitally contoured 

body.  
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B. The Development of Tools, Technology and Measurement in Garment Making 

These manual and technological measurements describe body data in terms of a basic 

body block and body section, whether physical or virtual in representation. Taylor and 

Shoben (1990:27 and 48)317 divide the body into two kinds of patterns: the basic body 

block (the pattern of the body surface) and the body section (the pattern of the body 

slides). The data of measurement mathematically presented the body section. David 

(2010:675)318 provides a review of the measurement system; stating that ready-made 

clothes in the seventh century were for the lower classes, therefore early tailors used their 

eyes and hands to observe and measure the bodies of their clients. According to David 

(2010: 675)319, this method prevailed until 1769 when De Garsault introduced paper strips 

to take manual measurements. 

 

David (2010: 675)320 indicates that the De Garsault system measured the back breadth and 

the length of the arm to the elbow. McNeil (2010: 36)321 and David (2010: 675)322 state 

that the older measurements, like inches in the United Kingdom, were popular; whereas in 

1799 the French instituted the metric system. According to Macdonald (2010)323 prior to 

the Industrial Revolution, tailors made garment patterns from their own personal 

measurements for their individual customers, Pattern-making provided customisation and 

standardisation during this period. According to McNeil (2010:36) 324 ; Dickson 

(2010:80)325 and Emery (2010:558),  in the nineteenth century the tools and technologies 

improved the efficiency and accuracy of garment making. Amnéus (2010: 97)326 specifies 

that the modern tape measure was introduced around 1800. Emery (2010: 558)327 

discusses the technologies in the U.S. which had helped the development of the pattern 
                                                
317 Taylor, P. J. and M. M. Shoben (1990). Grading for the fashion industry: the theory and practice with children's and 

men's wear. London, Stanley Thornes Ltd. 
318 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
319 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
320 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
321 McNeil, P. (2010). The Structure and Form of European Clothes. Introductory Note on South Asia and Southeast 

Asia. L. Skov and V. Cumming. Oxford, Berg. Volume 8 – West Europe: 33-38. 
322 David, A. M. (2010). Tailoring. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 674-676. 
323 Macdonald, N. (2010). Principles of Flat Pattern Design. New Jersey, Fairchild Publications. 
324 McNeil, P. (2010). The Structure and Form of European Clothes. Introductory Note on South Asia and Southeast 

Asia. L. Skov and V. Cumming. Oxford, Berg. Volume 8 – West Europe: 33-38. 
325 Dickson, C. A. (2010). The Pattern Industry. Berg Encyclopedia of World Dress and Fashion. P. Tortora. Oxford, 

Berg. Volume 3- The United States and Canada: 80-86. 
326 Amnéus, C. (2010). Fashion Designers, Seamstresses, and Tailors. Berg Encyclopedia of World Dress and Fashion. 

P. Tortora. Oxford, Berg. Volume 3- The United States and Canada. 
327 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 



 49 

industry which included the tape measure in 1820; the availability of the sewing machine 

in the 1850s and the expansion of the U.S. postal service which made the dress form 

available for the home sewer in the 1860s. McNeil (2010:34-36)328 specifically mentions 

clothing technology development in Europe. The inch tape measurement was used in 

England around 1820; the sewing machine was invented in 1846 and was widely used in 

1865. David (2010:675)329 states that these tools and technologies provided elaborate 

geometric systems to mathematically produce clothing throughout the nineteenth century. 

According to Amnéus (2010: 97)330 in the nineteenth century, many prints were published 

pertaining to the skills of measurement and sizing. Almond (2010: 556-669)331 states that 

ready-to-measure technology decreased the numbers of tailors. However, Amnéus 

(2010:97)332 reports that tailors had spread the ready-to-wear industry within North 

America. According to Amnéus (2010: 97)333 in the 1830’s, tailors took the responsibility 

for the construction of garments and investigated the proportion of the standardised 

drafting system.  

 

C. Size and Sizing 

According to Taylor and Shoben (1990:27 and 48)334, the graders use the grad method to 

draw the height and the girth size increments onto the grading pattern. Borregarrd 

(2010:123)335 mentions that the two major aims of garment size were to communicate 

with customers and to represent garment measurements. She points out that pattern 

makers and constructors are concerned about size and fit rather than fashion design. 

McNeil (2010:36)336 reports that sizing emerged in the nineteen century. However Yu 
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(2004:174)337 indicates that the sizing standards are made in the late eighteenth century; 

and that professional dressmakers and craftsmen develop various sizing methods for 

measuring and fitting their clients. Emery (2010:557)338 states that a tailor in the 1860’s 

worked with graded sizes and offered patterns in a range of sizes. Dickson (2010:80-

81) 339  states that the majority of people believed that Ebenzer Butterick in 1863 

introduced graded and size patterns to the United States. She also states that that due to 

the Civil War (1861-1865), Butterick sold standard sizing patterns for women who were 

looking for inexpensive ways to clothe their families.  

 

D. The Sizing Survey and Body Scan Technology 

Yu (2004:174)340 states that a standard sizing system, which was conducted on some 

100000 men, was established in 1921 by the American Anthropometric survey. 

Subsequently, in the 1930’s and 1940’s, the US survey established the data of boys, 

girls341 and woman342. In 1947, the British Standard Institution created a UK standard 

relating to garment sizing in a series of product standards. Thereafter, many countries 

such as Denmark, Poland, Germany, Australia and Japan investigated in the sizing survey 

between the 1950’s and 1990’s. After the 1990s, the sizing data was made extensively 

available for the fitting of general clothing.  

 

Borregard (2010: 125) 343  states that there has been an application of body scan 

technologies in the clothing area since the 1980’s. According to Yu (2004:177-178)344, 

the body scanner was introduced in the sizing survey during the 1990’s as a result of the 

rapid development of 3D body scanners. Yu states that the Japanese size survey in 1992-
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1994; CAESAR in 1998-2002; Nedscan in 2000-2002; Size UK; Size USA; African body 

dimensions in 2004 and the Women’s size survey in mainland China are the latest seven 

national size surveys which utilises 3D body scanners and measured the body size, shape 

and volume in different ways. Yu indicates it provides three major benefits, which help to 

reduce the time and labour involved in the collection of anthropometric data; and the 

automated 3D data avoid the interpretation step of using measurements and shape. Such 

size data provide more accurate data of body sections to draw and grade the patterns than 

manual methods.  

 

E. Grading 

According to Gioello and Berke (1979:56)345 and Zangrillo (1990:169)346 the associate 

grading method is used to increase or decrease patterns in accordance with the 

manufacturer, garment type and size range.  

 

Zangrillo also refers to the grading concept of uniformly changing the size of the master 

pattern without altering the design style. According to Taylor and Shoben (1990:11)347 

pattern grading was a technique used to produce ready-made, ‘off-the-peg’ garments at 

the turn of the century. Aldrich (2002:67)348 shows that manual grading and CAD grading 

are two ways to grade the garment pattern. Manual pattern grading involves grading by 

hand. The graders need to be accurate and responsible for the production of grading the 

patterns; and thus gain considerable knowledge of pattern-making in the field. Taylor and 

Shoben state that the two major issues of pattern grading are the sizing system and the 

sizing survey that establish the sizing data set for pattern-making. They also illustrate that 

the graders follow the national sizing standards. According to Aldrich (2002:66)349 CAD 

grading can help graders reduce their drawing time and easily modify their designs 

through the use of made-to-measure software programs from Gerber Technology.  
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McNeil (2010:36)350 illustrates that the development of new grading systems in the 

middle-nineteenth century were based on the mass-produced uniforms for armies in the 

eighteenth century and the factory-made suits through mail order in the nineteenth 

century. He states that in the 1890’s engineering and manufacturing companies focused 

on exact measurements due to the body notion of women and their waist measurements. 

Some systems of grading pattern sizes in the late nineteen century had a long life. The 

Rodmure system, for example, investigates by Joseph Fox in the 1880s was still being 

practiced in Britain in 1966. Zangrillo (1990:170)351 indicates that the plus-size grading in 

1986 was divided into two ranges; those which designated women (14W-26W) and petite 

women (14WP-26WP). Zangrillo (1990:178) illustrates the details of grading plus-size 

garments in two-dimensions and refers to the master pattern. Taylor and Shoben (1990)352 

illustrate the use of two-dimensional and three-dimensional pattern grading.  

 

2.4.2 Using the Template in Garment Design 

Sorger and Udale (2006:51)353 and Seivewright (2007:146)354 state that the function of the 

template is to pre-draw the sketch to fit the design concept. They describe the use of the 

template to draw the design over the top of a traced figure through a layout of normal or 

transparent paper. This speeds up the design process and can be used many times and 

further developed. Nevertheless, the disadvantage of using too many templates is that it 

reduced the practice of drawing. 

 

The Spec Manual 

Bryant and DeMers (2006: 2)355 press a book about a template, ‘The Spec Manual’ and 

indicates the working drawings of garment making. They states that the goal of the Spec 
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Manual is to provide a standard measuring guide to measure and record the garments for 

industry. This method provides the concept of measuring from illustrations when 

generating a pattern step to include space and the size measurements. The contribution of 

this method is that it used flat figures to predict the mathematical variations in the design 

sketch. 

 

Bryant and DeMers state that this method provides a unified and relative proportion to the 

ten croquis figures. Croquis figures are the flat sketches with one-eight scales with a front 

and back view (Figure 2-14). After drawing the design sketch on the croquis figures, it 

can be used to predict the space between them and the sketch by following the linear 

measurement details. Subsequently, a calculation of the size measurement data either 

using Excel or a manual method would follow. The size measurement data will be utilised 

for a draft or a garment sample. This method provides a graph template in inches and 

centimetres as well as a grid function. But this method does not use the scale grid like the 

figure scale on the grid. Notably, the method uses the side view in to explain the depth 

measurement for a hooded jacket (Figure 2-15). 

 
Figure 2-15 The missy front and back view of croquis figures356. 
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Figure 2-16 The depth measurement of a hooded jacket357. 

 

2.5 Summary 

The literature review has indicated three major steps of the dimensional transfer, which 

are preparation, generating pattern and initial model. Design sketch and working drawing 

are the two main points in preparation. Generating pattern consists of design translation, 

space and size measurements, generating a pattern and pattern assembling. The final part 

is the initial model, which leads to virtual model and physical model. These references 

help the research to conduct on tacit research, experimental work and developing the 

sculptural form giving method in the next coming chapter. 

 
Figure 2-17 The summary structure of this research.  

2.5.1 Preparation 

Mills (2005:51-87) explains that initial sketch studies are the first step in making a model. 

Anderson (2005), Bryant and DeMers (2006:2) and McCann et al., (2009:251-254) also 

point out that the design sketch developed garment pattern-making from two-dimensions 

to three-dimensions. Aldrich (1996:77-82), McKelvey and Munslow (2003:184-193) 

observe that most fashion sketches are drawn from a view, but in some cases, illustrate 

the side view and back view. Morris (2006:43) illustrates that after mental exercises, 

sketching and drawing are the preparation step of architectural design. McCann et al., 
                                                
357 Bryant, M. W. and D. DeMers (2006). The spec manual. New York, Fairchild Publication, Inc: 154-155. 
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(2009:251-253) point out that the design sketch is an interface to form a sample towards 

the creation of smart clothing. However, freeform design software such as ‘Teddy’, 

Plushie and Plush-toy by Igarashi (1999:409-416) and Igarashi and Igarashi (2009:81), 

provides a sketching interface in the preparation stage by a Parametric Pattern Generator. 

It then provides a virtual mannequin to design a garment. 

Winslow (2008:53,137-143) points out that most architects adopt traditional media to 

illustrate accurate scale drawings and to illustrate front and sides elevations. Jones 

(1992:72-73) confirms the same concept for fashion design, and indicated that after the 

fashion designer draws the design sketch, the technicians realised the design sketch and 

details on the garment sample manually. Bryant and DeMers (2006:2) published the 

Space Manual to create a template of a design sketch on a Croquis Figure. The ideas of 

the preparation are utilised to standardise the proportion and the silhouette of the design 

sketch that also benefited to develop the functional tools in series in the pattern 

generation.  

 

2.5.2 Generating pattern 

Xiu et al., (2010:980) illustrate that 2D to 3D or 3D to 2D and 3D visualisations are the 

three major transformations in a physical based cloth model.  

 

A. Design translator 

The design translator analyses, visualises and finalises the design sketch according to 

Joseph-Armstrong (2010:72). The tailor, pattern cutter and dressmaker are the design 

translators in realising the design idea in to garment design, in traditional pattern-making 

according to Almond (2011:2), Amnéus (2010:97), Dickson (2010:85), Joseph-Armstrong 

(2010:72) and Karimzadeh (1999). The pattern cutter is the design translator in smart 

clothing according to Sevewright (2007:146) and Sorger and Udale (2006:51). Fischer 

(2009:127) points out that the garment constructor and grader translates the design in a 

specific way. In architectural design, the model maker, the model builder, the modeller 

and renderers are design translators by Hamlin (1952:209), Knoll and Hechinger 

(2006:123), Morris (2006:17), Oldevik and Solberg (2002:555) and Piotrowski 

(2001:570). In building a physical sample, the design translators in fashion design were 

the major career to benefit from this study. Based on the references of modelling and 
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education, the research proposes fashion designer and the design translator will adopt the 

method.  

 

B. Space measurement 

Winslow (2008:53), when talking about architecture design and McCann et al., 

(2009:243-244), when talking about fashion design, both point out that recognising 

strokes and silhouettes of the design sketch defines the design accurately and to a high 

degree. The technical working drawings of smart clothing provide better accuracy of 

proportion measurement, due to selecting the appropriate standard size according to 

McCann et al., (2009:243-244,251-253). Sevewright (2007:146,106), Sorger and Udale 

(2006:51,98) also point out that the technical working drawing addresses garment details 

in design development and interpreted a pattern form. They also point out that the pattern 

techniques including seam, dart and pleat and in draping, are used to define the design 

volume. Winslow (2008:53) also indicates that the working drawing in architectural 

design not only conveys accurate size measurement, but also detects errors before 

construction. Moreover, Igarashi et al., (1999:409-416), Igarashi and Igarashi (2009:81) 

and Mitani (2009:69-79) shows that software such as Plushie, Plush-toy and ORI-REVO 

define the space of the input silhouette or the poly-line by the stroke recognitions. These 

software systems serve users by adding or editing strokes, and the results correspond with 

the virtual model by Igarashi et al., (1999:409-416), Mitani (2009:69-79) and TPC (HK) 

Limited. Yang and Zang (2007:336) claim that geometrical flattening translated spatial 

data into a plan (x, z), and that physical flattening represented the garment model. 

Triangular and rectangular meshes are the two major methods to flatten surface pattern. 

The concepts of slice and body section, grid, measurement, and scale are utilised in 

developing the tool of space measurement, which is sketch scale grid. The sketch scale 

grid provides a tool to measure and to standardise the sketch volume. The four details of 

the space measurement are listed below. 

 

1. Measurement 

Dickson (2010:80), Emery (2010:558) and McNeil (2010:36) say that during the 

nineteenth-century, the improvement of measurement tools, skills, sizing and 

technologies provided efficiency and accuracy to clothing production mathematically. 

David (2010:675) said that early tailors used eyes and hands to observe and measure 

the body of clients. After the innovations of paper strip measurement and the sewing 
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machine in the nineteenth-century, Borregarrd (2010:125) saw the next major 

innovation in body scan technologies, which were introduced to clothing in 1980s. Yu 

(2004:174,177-178) illustrate that in the 1990s that the body scanner was applied in 

the sizing survey and provided more accurate sizing data than manual sizing. The 

research employed the techniques of the measurements to investigate on the 

experimental samples of testing and developing own method. 

 

2. Grid   

Smart clothing uses a grid in working drawings to make full-scale samples, according 

to McCann (2009:251-253). Bryant and DeMers (2006:2) pointed out that the Space 

Manual employed centimetre and inches of grid in technical drawings. Mills 

(2005:51-87) illustrates that the grid is used in model construction in architecture 

design. Murao and Watanabe (1994:24-25) use the scale grid in producing a contour 

model. The research used the concept of the grid to develop tools functionally in 

measuring the space and the size of the flat sketch in the method. 

 

3. Slice and body section 

The slice is employed in architectural manual models to make and produce the design 

scale, idea, manipulation and development of contour models and landscape, as 

illustrated by Mills (2005:19,40-44,47), Murao and Watanabe (1994:24-25) and 

Winslow (2008:125-126). Garment making also applies body section as a slice 

concept that divides a body into its components, shown by McNeil (2010:36). Taylor 

and Shoben (1990:61-63) use the body section to evidence the girth change between 

sizes and sections. Cooklin (1990,1992) indicates that pattern grading also uses the 

concept of body section. The clothing design research, such as CAD grad 

development by Heisey et al., (1988) and Kang and King (2000), soft mannequin by 

Yu et al., (2001), cross-section model by Winakor et al (1990) and cross-section 

fitting by Taya et al (1995) used body sections in their studies. The ideas of the slice 

and the body section aided to design the two measurement tools and provided 

examples to use the prototypes in the step of pattern-making ideally.  

 

4. Scale 

The technical books of traditional pattern-making provide ½, ¼ and 1/5 scales to draw 

patterns, according to Seiveright (2007:93,106). The Space Manual employs around 
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an 1/8 scale on the Croquis Figure by Bryant and DeMers (2006:2). Grading body 

section by tracing draped patterns and pattern flattening employs the full-scale in 

pattern techniques. Architectural models use many scales, from 1/10 to 1/5000, by 

Muro and Watanabe (1994:10). The samples of smart clothing and draping use full-

scales, according to McCann et al., (2009:251-253). In the research, the concepts of 

the scale contributed to three issues, which were to test the experimental works in the 

dimensional transfer, to develop measurement tools and to establish the physical 

sample. 

 

C. Size measurement 

Garment size helps to communicate with customers and represent garment measurement 

according to Borregarrd (2010:125). Professionals calculate the size measurement 

manually or by computer. Yu (2004:174) says that in the late eighteenth-century, 

professional dressmakers and craftsmen developed standard sizing and sizing methods for 

measuring and fitting, but McNeil (2010:36) points out that sizing emerged in the 

nineteenth-century. From the research of Emery (2010:557), we know that a tailor in the 

1860s employed grading sizes and offered patterns in a range of sizes. The Space Manual 

utilised Excel to calculate size measurement in drafting garment pattern, as shown in the 

work of Bryant and DeMers (2006:2). Yu (2004:174) indicates that a standard sizing 

system in America, in 1921, introduced body technologies towards a sizing survey. Chua 

et al., (2010:9) says Rapid prototyping applied calculation in CAD and CAM. Igarashi et 

al., (1999:409-416) and Igarashi and Igarashi (2009:81) show that Plushie and Plush-toy 

use calculations in CAD software. The concepts of the size measurement develop the 

standard garment sheet that formulas the calculation the size data. 

 

D. Generating pattern 

The patterns on body surface and body slice are the two major pattern generators in 

traditional pattern-making by Taylor and Shoben (1990:27,48). Emery (1999:242-244), 

Kunick (1967:83-84), Nakamichi (2011:28-35) and Tilk (1982) point out that the surface 

pattern is illustrated geometrically and that the slice pattern reveals the measuring data 

flatly. Therefore, pattern techniques, which included dart manipulation, adding fullness, 

contouring, pivotal transfer methods and the slash method, are employed to draw the 

surface pattern of the garment, according to Fischer (2009:30-33), Gioello and Berke 

(1979:32), Joseph-Armstrong (2010:70), Kim and Uh (2002:13-14), MacDonald 
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(2010:20-22,24-25) and Zamkoff and Price (2009:2-21,41-49). The techniques of draping, 

to form a surface pattern, use the grain line of draping, the plumb theory, the notch theory 

and the body contour method according to Zangrillo (1990:143) and folding, pleating and 

fabric gathering according to Seivewrigh (2007:106). From this, tracing draped patterns 

helps examinations of the garment shape and making the pattern positions, according to 

Shoben (1988:6). Deckert (2002:38) indicates that the method of paper-tape dress form 

made the surface pattern, of customers accurately. 

 

Taylor and Shoben (1990:11) point out that the concept of the section was utilised in 

pattern grading and in making garments. In architectural design, Mills (2005:46-48), 

Winslow (2008:53), Murao and Watanabe (1994:24-25) indicate, the methods of using 

slice and cross-section to build a physical contour model, a tree and landscape are 

routined. Murao and Watanabe illustrate another method that draw the slices from x and y 

positions. In pattern flattening CAD, the research of Parida and Mudur (1993), Petrak et 

al., (2006), Shimada and Tada (1991), Yang et al., (2001) take the spatial data into x and z 

panels to form a flat pattern. Some CAD, such as Plushie and ORI-REVO provide a panel 

that corresponds between the virtual model and the pattern, according to Igarashi and 

Igarashi (2009:81) and Mitani (2009:69-79). The study used the techniques and the 

concepts of the pattern generation to for the method of pattern-making that draws the 

pattern pieces by employing the prototypes in the step of pattern-making.  

 

E. Pattern assembling 

David (2010:674-676), Igarashi and Igarashi (2009:81-87) and McCann et al., (2009:251-

253) point out that sewing is a key method in assembling pattern pieces, which are made 

from traditional pattern making, draping and the Plushie system. Mitani (2009:69-79) 

folds the pattern that was generated by ORI-REVO. In architectural manual modeling, 

Mills (2005:46-48), Muro and Watanabe (1994:10-16) and Winslow (2008:125-126) 

illustrate assembling slices manually. Chua et al., (2010:25) indicate rapid prototyping 

built the model automatically. Based on the references, the research employed the 

concepts to develop the method of pattern assembling in model construction. 
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2.5.3 Initial Model 

The National Research Council (1990) reveal that proof-concept, proof-product, proof-

process and proof-production were four advantages of the prototype. The physical model 

in fashion design provides line, fit and a mock-up to the design according to Chatzky 

(1992:154). Barkan and Iansiti (1993:125-134) discuss about the mock-up function of the 

physical prototype in the design process. Winslow (2008:137-143) also indicates that the 

physical model was user friendly, more than that of digital. Morris (2006:13) states 

advantages of physical model that are that they help in understanding, evaluation and 

communication. Igarashi and Igarashi (2009:81-87) and Mitani (2009:69-79) investigat 

developing the virtual model with physical toy and origami models. Mills (2005:iv) 

emphasise that the physical model would never go away, because it can overcome a 

serious mistake of digital model. During the last two decades, fashion design students are 

educated to make initial samples, according to Almond (2010:16) and Brogden (1971:90). 

Fashion designers and clothing technicians cooperated in building smart clothing, 

improving the accuracy of the primary sample by McCann et al., (2009:243-244). After 

1923, the Bauhaus developed methods of innovation of design education, according to 

Ray (2001:73). Morris illustrated that during 1940s and 1950s, freshmen courses adopt 

modelling in most design schools. In the middle of twentieth-century, modelling towards 

production became popular, according to Winslow (2008:14). Modeling became a new 

branch of spatial exploration, use with most gusto in the late 1970s, according to Mills 

(2005:iv). Mills also indicates, in the early 1990s, the process of modelling employ CAD 

in simulation design programs. Rapid manufacture offers an innovative method to 

produce rapidly manufactured textile, according to Hopkinson et al., (2005:1). The 

physical model providing better representation of the design concept such as proof the 

design sketch and make the abstract design concept concretely. The research proposes the 

method of dimensional transfer to build physical model rather than virtual model. 

 

Preparation, generating pattern and initial model are the three main steps of the 

dimensional transfer in the literature review. Preparation step includes design sketch and 

working drawing. Design translation, space and size measurements, generating pattern 

and pattern assembling are the step of generating pattern. Virtual model and physical 

model consist the step of initial model. 
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Chapter 3.   Methodology 
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According to Hesse-Biber (2010:4-5)358, the research chooses mixed methodologies to 

investigate the dimensional transformation of the fashion design method, for three 

reasons: firstly, mixed methodologies aid the development of the sculptural form giving 

method because it provides not only qualitative the method but also quantitative the 

feedback of users; secondly, to assist in identifying any problems relating to the 

sculptural form giving method as highlighted in the users’ feedback; and thirdly, to 

enhance the credibility of the research results. Thompson (2002)359 indicates that 

employing mixed methodologies in research not only helps to elicit information from 

participants and to make them aware of their behaviour, but also enables them to 

verbalise their feelings. Furthermore, Kawamura (2011:112) 360  points out that an 

advantage of using mixed methodologies is that the qualitative research element 

provides an understanding of the factors affecting the population of the quantitative 

study, and Creswell (2003)361 emphasises that utilising mixed methodologies can help 

to define problems and identify specific approaches by testing the results.  

 

This research employs mixed methodologies to measure other users’ attitudes for two 

reasons. On the one hand, a single result from the author only might show that the 

method is functional, but would not satisfactorily demonstrate its adoptability by others. 

On the other hand, using one type of methodology, such as a questionnaire or interview, 

would not sufficiently clarify the research problem. Therefore, data sets from additional 

users provided credible feedback which was used to align, refine and redevelop the 

author’s sculptural form giving method. So, mixed methodologies was valuable for 

reliably investigating the development of the sculptural form giving method. The 

following sections will describe the research methodologies in seven steps. 

 

3.1 Literature review 

This research reviews the existing methods for two-dimensional and three-dimensional 

transformation for building the initial model in parallel design disciplines, which 

included fashion design, architecture design and toy design.  
                                                
358 Hesse-Biber, S. N. (2010). Mixed methods research: merging theory with practice. New York, The Guilford Press. 
359 Thompson, S. K. (2002). Sampling. New York, NY, Wiley-Interscience. 
360 Kawamura, Y. (2011). Doing Research in Fashion and Dress: An Introduction to Qualitative Methods. Oxford, 
Berg. 

361 Creswell, J. W. (2009). Research design: qualitative, quantitative and mixed methods approaches. London, SAGE 
Publications. 
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3.2 Tacit research 

The development of the sculptural form giving method is done mainly by tacit research. 

Michael Polanyi (1966:4)362 says tacit knowledge is ‘we can know more we can tell’. 

Forsythe, Hedlund, Snook, Horvath, Williams, Bullis, Dennis and Sternberg (1998)363 

define the tacit knowledge is ‘people do not know they have’. Cooper and Sawaf 

(1996)364 also state that tacit knowledge is to resist articulation or introspection. The 

research of Baumard (1999)365 traces the history of tacit knowledge back to the ancient 

Greeks. Nestor-Baker (1999) 366  and Hall (1993) 367  mention the studying of tacit 

knowledge is not only important for individuals, but Baumard (1999) 368 and Lubit 

(2001)369 also significant for organisations. Many researches use tacit knowledge in 

professions such as nursing by Herbig, Büssing and Ewert (2001)370; education by 

Minstrell (1999)371; medicine by Cimino (1999)372, law and accounting by Marchant 

and Robinson (1999)373 and design by Nonaka (1994)374. Igoe (2010)375 also studies 

tacit knowledge in the discipline of textile design that employs the designed object and 

the designer.  

 

The knowledge of tacit research was defined. The research utilises tacit research 

practically in studying the five major issues of existing method, which includes two-
                                                
362 Polanyi, M. (1966). The tacit dimension. London, Routledge & Kegan Paul. 
363 Forsythe, G.B., Hedlund, J., Snook, S., Horvath, J.A., Williams, W.M., Bullis, R.C., Dennis, M. and Sternberg, R. 

(1998). Construct validation of tacit knowledge for military leadership. Paper presented at the Annual Meeting of 
the American Educational Research Association. San Diego, CA, 13-17 April, 1998. 

364 Cooper, R. and A. Sawaf (1996). Executive EQ: Emotional intelligence in leadership and organizations. New 
York, Putnam and Grosset. 

365 Baumard, P. (19999). Tacit knowledge in organizations. London, Sage. 
366 Nestor-Baker, N. S. Tacit knowledge in the superintendency: An exploratory analysis. University Microfilms 

International Dissertation Services, The Ohio State University. PhD. 
367 Hall, R. (1993). "A framework linking intangible resources and capabilities to sustainable competitive advantage." 

Strategic Management Journal 14(8): 607-618. 
368 Baumard, P. (19999). Tacit knowledge in organizations. London, Sage. 
369 Lubit, R. (2001). "Tacit knowledge and knowledge management: The keys of sustainable competitive advantage." 

Organizational Dynamics 29(4): 164-178. 
370 Herbig, B., Büssing, A. and Ewert, T. (2001). "The role of tacit knowledge in the work context of nursing." 

Journal of Advanced Nursing 34(5): 687-695. 
371 Minstrell, J. (1999). Expertise in teaching. Tacit knowledge in professional practice: researcher and practitioner 

perspectives. R. J. Sternberg and J. A. Horvath. Mahwah, NJ, Lawrence Erlbaum. 
372 Cimino, J. J. (1999). Development of expertise in medical practice. Tacit knowledge in professional practice: 
researcher and practitioner perspectives. R. J. Sternberg and J. A. Horvath. Mahwah, NJ, Lawrence Erlbaum. 

373 Marchant, G. and J. Robinson (1999). Is knowing the tax code all it takes to be a tax expert? on the development 
of legal expertise. Tacit knowledge in professional practice: researcher and practitioner perspectives. R. J. 
Sternberg and J. A. Horvath. Mahwah, NJ, Marchant and Robinson. 

374 Nonaka, I. (1994). "A Dynamic Theory of Organizational Knowledge Creation." Organization Science 5(1): 14-37 
375 Igoe, E. (2010). "The tacit-turn: textile design in design research." Duck Journal for Research in Textiles and 
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dimensions to three-dimensions, using a scale grid, dimensional transformation, 

generating a pattern and layer assembling. Then, taking cross design discipline of 

existing method to develop the steps of the sculptural form giving method.  

 

A. Two-dimensions to three-dimensions 

This research examines the existing methods used to transform a two-dimensional 

design sketch to a three-dimensional physical model. The existing methods include 

clothing techniques in fashion design, manual model making in architectural design and 

computerised applications in fashion, architecture and toy design. According to Wylant 

(2008:13)376, the design sketch captures and communicates the design concepts of 

designers. Jefferis and Madsen (2000:54)377 indicated that freehand drawing without the 

aid of equipment is a simple way to record design concepts. Barkan and Iansiti 

(1993:125-134)378, Winslow (2008:137-143)379 and Morris (2006:13)380 also indicated 

that using a physical model helps to improve the design communication and design 

development. Thus, the development of the sculptural form giving method focuses on 

dimensional transformation between a two-dimensional paper sketch and a physical 

three-dimensional model.  

Sorger and Udale (2006)381 indicate that fashion design students are trained to draw a 

design sketch in order to capture their design concepts. According to the Space Manual 

by Bryant and DeMers (2006:2)382, technical drawing is a significant step in the fashion 

design process towards standardising the information of the design sketch. Therefore, 

for this research, as part of the preparation stage, the sketch is designed on the scale grid 

and the standard garment sheet on the scale grid. 

 

B. Using a scale grid 

This tacit research uses the concept of a scale grid to create a scale grid that would 

function in series between the design sketches and the mannequin. This use of the scale 

                                                
376 Wylant, B. (2008). "Design thinking and the Experience of Innovation." Design Issues 24(2): 3-14. 
377 Jefferis, A. and D. A. Madsen (2000). Sketching and Orthographic. Architectural drafting and design. London, 

Tomoson Learning: 54. 
378 Brarkan, P. and M. Iansiti (1993). "Prototyping: a tool for rapid learning in product development." Concurrent 

Engineering: Research and Applications(1): 125-134. 
379 Winslow, C. (2008). The handbook of model-making for set designers. Wiltshire, Crowood Press UK. 
380 Morris, M. (2006). Models: Architecture and the Miniature. West Sussex, Wiley-Academy. 
381 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
382 Bryant, M. W. and D. DeMers (2006). The spec manual. New York, Fairchild Publication, Inc. 
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grid is based on the research by Murao and Watanabe (1994:24-25)383, who illustrated a 

method for establishing a contour model by using the scale grid. Other references to 

existing methods by Mills (2005)384 and McCann (2009)385 highlighted how a grid and 

scale can provide information, which will then lead to production, modelling and 

construction. This research uses these scale grid concepts to design two tools; the sketch 

on scale grid and the standard garment sheet. The sketch on scale grid illustrates not 

only the design sketch but also the scale grid. The standard garment sheet also reveals 

the mannequin photo with the scale grid. These provide a standard scale so that the 

space and size of the design sketch can be measured in order to draw a pattern. These 

tools, along with the scale grids, provide a fixed scale, which can be printed by any 

printer using any paper size. 

 

C. Dimensional transformation 

This study conducts a practical investigation of experimental works of dimensional 

transformation for calculating the measurements on the design sketch and generating the 

patterns to assemble the sculptural model. This research examines five collections of 

experimental works on dimensional transformations from two-dimensions to three-

dimensions and three-dimensions to two-dimensions. These experimental works use 

traditional pattern-making techniques and draping techniques, such as adding fullness 

and slashing patterns. They are also evaluated from four angles by using Gazzuolo, 

DeLong, Lohr, LaBat and Bye’s (1992:163-164)386 photographic capturing method. The 

transferral method from two-dimensions to three-dimensions was chosen for this study 

because it provides better accuracy in measuring the variation from the flat design 

sketch.  

 

D. Generating a pattern 

The scale grid was identified to help with the development of measurements and pattern 

generation in the preparation stage. Firstly, based on the vertical and horizontal grid, the 

                                                
383 Murao, N. and Y. Watanabe (1994). Making and using of architecture model. Tokyo, Shokokusha Publishing Co., 
Ltd. 

384 Mills, C. B. (2005). Designing with models: a studio guide to making and using architectural design models. New 
Jersey, John Wiley and Sons, Inc. 

385 McCann, J. (2009). The garment design process for smart clothing: from fibre selection through to product launch. 
Smart clothes and wearable technology. J. McCann and D. Bryson. Cambridge, Woodhead Publishing Limited: 
70-94. 

386 Gazzuolo, E., DeLong, M., Lohr, S., LaBat, K. and Bye, E.B. (1992). "Predicting garment pattern dimensions 
from photographic and anthropometric data." Applied ergonomics 23(3): 161-171. 
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author uses the linear measurements from the Space Manual to obtain the vertical and 

horizontal space measurement data from the standard garment sheet. Secondly, by 

employing the calculation technique of traditional pattern-making, the space 

measurement data is processed to give five pattern-making data sets. MS Excel is then 

used to simplify the calculation of the size measurements. Next, the author applies the 

prototype concept of traditional pattern-making in designing the pattern prototypes to 

generate patterns, thus reducing the drawing time of pattern-making. Finally, a 

traditional pattern-making technique is used to create the vertical and horizontal layers.  

 

E. Layer assembling 

The concept of layer assembling is inspired by the packaging of wine glasses, which 

follows the FEFCO387  code 0933 of interior fitments with corrugated packaging. 

According to Garosi (1994:111) 388 , this interior structure provides important 

construction concepts such as a lightweight structure and firm frame. The top view of 

this interior fitment reveals a grid and these were used with clothing techniques to 

assemble the vertical and horizontal layers on the mannequin. The interior fitment was 

then applied to the process of layer assembling in order to establish the sculptural 

model.  

 

3.3 2D to 3D translation method 

After completing the tacit research, the research focused on developing a physical 

sampling method in fashion design. The development of the sculptural form giving 

method utilised qualitative techniques to study the existing methods of dimensional 

transformation in parallel design disciplines and thus attempted to solve the distortion 

problem of dimensional transformation.  

 

The research held a test by using the existing methods to understand the measurability 

and the realisation potential of the existing methods. Therefore, the research defined the 

problems from the procedure and comparing the model and the sketch of the existing 

methods. Next, testing the experimental works found the solutions in building the initial 
                                                
387 FEFECO (2011). "What is FEFECO?". http://www.fefco.org/what-is-fefco/who-we-are.html , Retrieved 20 

February, 2012. European Federation of Corrugated Board Manufacturers (FEFCO) was established in 1952 and 
is an association of the European Corrugated Board Industry. 

388 Garosi, D. (1994). Manuale dell'imballaggio. Milano, Tecniche Nuove. 
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model, which represented the silhouette and the proportion of the flat sketch, in the 

transfer. The research tested the developed process in the post-test to evaluate the 

models and the design sketch that concluded the abilities of the measurements and the 

realisations. After the post-test, the study synthesised the procedures to form the own 

method, which is sculptural form giving method.  

 

3.4 Testing the sculptural form giving method in an education setting 

The method is then tested and evaluated by participants in a studio-based workshop. 

Following Silverman’s (2000:81)389 guidelines, the intervening variables of the findings 

are used to align, refine, and redevelop the sculptural form giving method. The author of 

this research employed Gazzuolo et al.’s (1992:163-164)390 photographic capturing 

method to record the experimental works and the workshop results. According to Ellmer 

(2005)391, studio-based learning has its origins in architectural design education and has 

been influenced by other forms of design education. Carbone and Sheard (2002:213)392 

also indicate that the studio-based educational concept has been used by the Bauhaus 

school for teaching and learning in Germany since the early 1900s. Kvan (2001)393 

outlines the studio-based learning process, whereby after the formulation of the 

problem, action-based activity is applied to explore possible solutions, and then follows 

the problem re-examination and jury examination. Schön (1987)394 illustrates that the 

relationship between teacher and student when using studio-based learning resembles 

that of master-apprentice. This study conducts an evaluation of the sculptural form 

giving method by utilising the questionnaire and interviews to measure the students’ 

attitudes, observe their experience in the workshop and to collect additional feedback. 

 

A. The second year fashion design and fashion technology students 

                                                
389 Silverman, D. (2000). Doing Qualitative Research. London, SAGE Publications Ltd. 
390 Gazzuolo, E. et al. (1992). "Predicting garment pattern dimensions from photographic and anthropometric data." 

Applied ergonomics 23(3): 161-171. 
391 Ellmers, G. (2005). A re-examination of graphic design pedagogy, and its application at the University of 

Wollongong: Towards a PhD study in design education. ACUADS 2005 Conference: artists, designers and 
creative communities, School of Contemporary Arts. Edith Cowan University, Perth, Western Australia, 2005 
Australian Council of University Art & Design Schools. 

392 Carbone, A. and J. Sheard (2002). A Studio-based Teaching and Learning Model in IT: What do First Year 
Students Think? ITiCSE 2002. Aarhus, Denmark, Association for Computing Machinery. 

393 Kvan, T. (2001). The Problem in Studio Teaching - Revisiting the Pedagogy of Studio Teaching. 1st ACAE 
Conference on Architectural Education. Milton, T. Centre for Advanced Studies in Architecture, National 
University of Singapore: , ACAE Conference: 95-105. 

394 Schön, D. A. (1987). Educating the reflective practitioner. San Francisco, Josse-Bass. 
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The two pre-testers and the author of this study all have differing user backgrounds; one 

has no design experience, another has no pattern-making experience, and the third, 

thirteen years of pattern-making experience. Based on the test results, which revealed 

these users all adopted the method successfully, it was difficult to recommend a user 

background for general adoption. Therefore, the additional feedback from other users, 

who has basic experience of drawing design sketches, pattern-making and draping, 

helped to clarify the research problem, to redevelop the method and to produce a 

recommendation. The three major differences between the students’ backgrounds were 

their different entry programs for the university courses, the first year course structures 

and the groups’ teaching hours in design discipline and product development. These 

elements made it interesting to observe the students’ reactions and evaluations when 

they adopted the method in the dimensional transformation. As a result, the research 

illustrates a standard recommendation for adopting the method in a fashion context.  

 

B. Two Pre-tests 

According to Salkind (2010:1169)395, the pre-test should be used to assess the sculptural 

form giving method before the workshop. The aims of the pre-tests are to mock up the 

workshop process in a small group. The two pre-testers provide a more thorough 

evaluation of the sculptural form giving method than those produced in the workshop, 

because of a higher level of education and no pattern-making experience of the tests. 

The second pre-test was an accurate imitation of the workshop, including the recording 

of the interview by video.  

 

However, this research does not employ a post-test after aligning, refining and 

redeveloping the sculptural form giving method, for two reasons. Firstly, the workshop 

results were judged to have met the aims of the research, which were to understand the 

capabilities and adaptabilities of the sculptural form giving method. Secondly, teaching 

ability affected the students’ comprehension and adoption of the sculptural form giving 

method, according to the results of the interviews with the professionals. These clothing 

experts believed that using hands-on teaching skills, such as giving practical 

demonstrations of the techniques, would improve the learning quality of the workshop. 

These experts stated that the sculptural model successfully presented the design sketch 
                                                
395 Salkind, N. J. (2010). Methodology. Encyclopaedia of Research Design. N. J. Salkind. London, SAGE 

Publications. 3: 1169. 
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and this was deemed superior to the design sketch. Therefore, a post-test was not carried 

out because the judgement was that teaching ability was the workshop’s principal 

weakness. 

 

C. Workshop 

The workshop time was divided into three parts: the first part consists of a fifteen-

minute introduction of the workshop for the students as well as the preparation stage; 

the second part, workshop day 1, involves dividing the students into three groups to 

work on the calculation step. By holding three separate group sessions at the calculation 

stage it is possible to achieve better application adoption, teaching and learning than 

would be possible with one large group. The steps of model realisation, feedback and 

evaluation make up the final part of the workshop, day 2. During day 2, after the 

students had completed the model realisation stage, the author collected the anterior, 

lateral and posterior views of the sculptural models by following the Gazzuolo et al. 

(1992:163-164)396 method.  

 

The research utilises mixed methods, including a questionnaire and workshop interview, 

to collect feedback and evaluations from the participants. According to Kawamura 

(2011:67-69)397, the Likert scale should be used to measure attitude. The workshop 

interview selects six groups before workshop day 2 in order to understand the feedback 

from the three types of design sketch and to gain further understanding from one 

particular group, which has difficulty drawing the side view sketch on the standard 

garment sheet during the layer assembling. The research uses six open-ended questions, 

and documents this group interview by video, and the results are then transcribed to a 

question and answer list. 

 

3.5 Analysis workshop data 

The design sketches, the sculptural models, the four questionnaire data sets and 

interviews with professionals comprise the four major pieces of workshop data. Firstly, 

the author assesses the style of design sketches looking at two factors: one factor is the 
                                                
396 Gazzuolo, E. et al. (1992). "Predicting garment pattern dimensions from photographic and anthropometric data." 

Applied ergonomics 23(3): 161-171. 
397 Kawamura, Y. (2011). Doing Research in Fashion and Dress: An Introduction to Qualitative Methods. Oxford, 
Berg. 
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shape of the design sketch and how it could be categorised; the other factor is the 

classification of the design on the four sides. Secondly, grading levels unique to this 

research are used to evaluate the completeness of the sculptural model. The main reason 

for creating these unique grading levels is that none of the existing manual model 

parallel design disciplines completely matched the needs of this research study. Next, 

descriptive statistics are used to analyse the questionnaire data, which include averages, 

correlation and regression line. Furthermore, the qualitative method of interview is used 

to question four clothing experts. The feedback from these professionals justified the 

workshop results, which results in more reliable findings than the workshop results 

alone. The author documents these interviews in a transcription.  

 

3.6 Using the findings to align, refine and redevelop the method 

The research qualifies the research hypotheses and uses the workshop findings to align, 

refine and redevelop the sculptural form giving method. Subsequently, it is possible to 

provide recommendations for using the sculptural form giving method and the design 

process efficiently.  

 

3.7 Summary 

In order to clarify the research results, understand the methods’ problems and enrich the 

credibility of this study, the research investigates the sculptural form giving method by 

using mixed methods. The principal type of method used in this study is qualitative, and 

involves developing the sculptural form giving method, two workshop pre-tests, a 

workshop group interview and interviews with professionals. The research also employs 

quantitative methods when analysing the questionnaires and workshop data statistically. 

In analysing workshop data, the research categorised the design sketches and the 

sculptural models to understand the design and the performance of the method. Next, 

interview clothing experts justified the statistic result of the questionnaire data sets. 

Then, using the result of mixed methods to modify the method. These interviews are 

documented using transcripts, but the group interview and the second pre-test interview 

are also recorded using video. This research captures the four side views of the 

experimental samples and workshop models using photography. 
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Chapter 4.   Experimental Work 

This chapter is a synthesis and development of the author’s tacit research to develop her 

own method, based on her knowledge and experiences, taking into account of the 

existing methods of the dimensional transfer in fashion design. Tacit research was used 

to standardise and systemise the steps between the design sketch and the mannequin. 

There were five major steps involved in testing the existing methods in the dimensional 

transfer, which included exploring the pattern and the fabric, the traditional pattern-

making method, preparation, pattern generation and post-test. These steps of the 

process, shown in Figure 4-1, are detailed in this chapter.  

 

 
Figure 4-1 The process of experimental works. 

 

Testing the 
preparation 

Testing the 
generating pattern 

Physical model 

 

2D skirt shape sketch 
  

Calculation:  
Space measurement and 

size measurement 
  

Model realisation: 
Generating pattern and 

layer assembling 
 

The sculptural form 
giving method 

 

Testing and 
experiencing the 
existing methods 

Testing the traditional 
pattern-making to 

form a model 

Post-test 
 

Defining the problem of 
the exiting methods in 

the transfer 

Testing techniques of 
textile design  

Exploring the pattern 
and the fabric 



 83 

4.1 Testing the Existing Method 

There were five stages to this section. The first stage was to utilise the techniques of 

textile design to explore the relationship between the pattern and the fabric before 

getting to test the existing methods of dimensional transformation in fashion design. 

The second stage was to employ the techniques of traditional pattern-making to transfer 

the flat design sketch onto a physical garment sample. Testing the preparation was the 

third stage, which found the solutions for the preparation of the existing methods. This 

stage defined the dimensional factors of the design sketch and used the body section and 

pattern-making techniques to study the volume of the sketch and the sample shape. Next 

came the calculation and the model realisation, which was the generating pattern, to 

discover the best ways to solve the problems. The calculation studies the measurements 

of the space and size to design functional tools in series. The model realisation was 

formed by the pattern-making method and the layer assembling. The final stage was the 

post-test, which used the test results procedure to establish a garment sample. Finally 

the models and the traditional pattern-making procedures and post-test were evaluated 

in order to summarise the experiment’s conclusion.  

 

4.1.1 Testing the Existing Methods of the Pattern Realisation in Textile Design 

During the first year of this PhD, research focussed on investigating and formalising a 

fashion design method in creating an actual garment from the design sketch that 

included textile and clothing design. After this experimental work, the author changed 

the research subject and focused on developing a fashion design method in the 

dimensional transformation to establish a sculptural model from the design sketch. This 

change in focus was needed because the previous topic was beyond the scope of a 

fashion design study and taking the design process from designing the textile and 

garment would be challenging when holding a workshop in an academic environment. 

Especially as, the previous topic, which was investigated by qualitative methodology, 

was unable to demonstrate the capability and reliability of the method so statistically. 

The placement and the technologies of textile design are able to form a unique fabric 

that represented the design sketch on its surface and carried the pattern shape of the 

traditional pattern-making. This experimental work also offered the author to draw a 

broad view of further research. 
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Digital printing, woven jacquard and knitted jacquard were employed to investigate the 

two main tasks. These tasks were undertaken to find a solution of creating unique 

pattern shape and its textile matched with the design sketch. One of the tasks was to 

understand the representation ability of creating the textile design from the design 

sketch. The other task was to combine two elements, which were the sketch and the 

pattern shape, on forming a piece of textile. The research employed the technologies of 

textile to discover. The experimental details of digital printing, woven jacquard and 

knitted jacquard are illustrated below. 

 

4.1.1.1 Using digital printing in textile design 

The research took digital printing as the first experimental work, because it was easy to 

adopt the program before printing. Especially, the author had one year in weaving 

design in bachelor studying before taking this experimental work. Before the printing, 

digital printing was easy to access in establishing a design file by CAD program such as 

Adobe Photoshop and Illustrator. The aim of using the digital printing was to produce a 

textile, which could be highly matched with the design drawing. The author utilised her 

own design drawing, which revealed a degree of complexity in the production (Figure 

4-2). The canvas of digital printing had represented the design drawing completely with 

good printing quality, the size and the scale in the design details (Figure 4-3). However, 

the canvas of digital printing was expensive. The sample cost £22 in 2009and the length 

around one meter. As compared with knitted textile, the edge of the woven textile 

needed overlocking in the construction process.  

  
                            Figure 4-2                                                                            Figure 4-3 
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Figure 4-2 The author drew the design sketch in 2003 and adopted it to the CAD program in digital printing. 

Figure 4-3 The digital printing textile printed the design sketch. 

 

4.1.1.2 Using jacquard in textile design 

There were two major reasons to choose woven and knitted jacquard. Firstly, the 

jacquard offered good ability to form a textile surface, which highly corresponded to the 

sketch better than the other textile technique. Secondly, the jacquard was able to adopt 

more than two colours in the textile design. It was more fitting to the needs of the 

design of the drawing, which had black, white and orange colours. After taking the 

knitting and weaving process, the sample of woven and knitted jacquard were made. 

The details of woven and knitted jacquard were described below.  

 

1. Woven jacquard   

The research captured the drawing from the sketch of the author in 2003 in Figure 4-4. 

Based on the drawing, the research designed four woven fabric of jacquard. The four 

samples revealed that the woven jacquard presented the design scheme and the design 

drawing on the fabric well (Figure 4-5 to Figure 4-8). However, the jacquard-weaving 

machine of the University was set up to repeat the style by 864 warp and 864 weft, 

which was around twelve inches width and length. This setting gave two major 

limitations, which were the size of design the weaving image and to overlock the edge 

of the pattern pieces. 

 
Figure 4-4 Design research for the heart shape drawing, 2003.     
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                                   The drawing                      The front of textile                 The back of textile 

Figure 4-5 The first sample of woven jacquard and the texture captured from the heart shape drawing. 

 

                                 The drawing                     The front of textile                 The back of textile 

Figure 4-6 The second sample of woven jacquard and the texture captured from the heart shape drawing. 

 
                                 The drawing                     The front of textile                 The back of textile 

Figure 4-7 The third sample of woven jacquard and the texture captured from the heart shape drawing. 
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                              The drawing                         The front of textile                 The back of textile 

Figure 4-8 The fourth sample of woven jacquard and the texture captured from the drawing of heart shape. 

 

2. Knitted jacquard 

Based on the limitations of the previous samples, the author employed the knitting skill 

of jacquard to understand a task, which was a possibility to produce a unique textile 

design that had the shape of pattern-making. The research divided the task into two 

steps to hold experimental work. The first step was to knit geometric pattern shape. 

Knitting the pattern shape and textile design on one fabric was the second step. These 

samples were made by 100% polyester yarn and using eight gauge Shima Seiki knitting 

machine to knit. According to Nakamichi (2011:28-35)398 and Cutler (1999:14)399, the 

research took six major shapes, which were tubular, pyramid, cone, ball and 

polyhedron, to establish geometric shapes and its pattern pieces. The details of 

exploration of the pattern and the geometric shape were described below.  

 

i. Tubular and oval tubular shape 

It was easy to create a geometric shape with seam by woven fabric, so the major target 

in this experimental work was to form a seamless physical sample. Tubular and oval 

tubular were the two forms in the tubular class. A square and an oval pattern 

constructed the tubular and oval tubular, which were shown in Figure 4-9 and Figure 4-

10. These two samples reached seamless level and represented the pattern shapes well.  

     
                                    Figure 4-9                                                                       Figure 4-10 

Figure 4-9 The tubular pattern and the tubular sample.   

Figure 4-10 The pattern and the sample of oval tubular. 

ii. Pyramid 

                                                
398 Nakamichi, T. (2011). Pattern magic 2. London, Laurence King Publishing Ltd. 
399 Cutler, H. B. (1999). Ready to wear architecture. DalTech, Dalhousie University (Canada). M.Arch: 58. 
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Studying the construction of the pyramid helped to understand the method to create 

fewer seams on a model. The triangle pattern developed two knitted pyramids, which 

had six seams and one seam. The model, which had 6 seams, was made by four knitted 

pieces. In contrast, the one seam model was created by a triangle pattern that combined 

the four patterns. Based on the good size and scale of the knitted triangle piece, the 

models presented structure of the pyramid well.  

 
            Triangle pattern                                knitted piece                       6 seam sample         1 seam pyramid  

Figure 4-11 The pattern, knitted piece and two samples of pyramid shape. 

 

iii. Cone 

The research studied the shape, which were formed by two pattern pieces in this section. 

The con shape was established by two pieces of pattern, which were a circle as the 

bottom and a half circle as the body. Figure 4-12 showed the pattern pieces of 

construction and a front view of the paper model. After knitting the pieces, linking the 

piece of bottom and body to establish the cone (Figure 4-14). There were two ways to 

knit the circle, which kept knitting until the edge united (Figure 4-13) and divided the 

circle into two pieces of half circle (Figure 4-14). The shape of knitted cone presented 

the concept, the size and the scale well. 

 

         Bottom pattern of the cone                   Body pattern of the cone                 Paper construction of the cone 

Figure 4-12 The pattern and paper construction of the cone shape. 
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 The knitted bottom and body pieces of the bottom and body cone       The front and side view of knitted cone 

Figure 4-13 The knitted pieces and completed cone shape. 

 

 

Figure 4-14 Two knitted pieces of half circle.  

iv. Ball 

The research took the pattern of a hat in traditional pattern-making to illustrate the 

pattern of a ball. The ball pattern was divided into eight pieces. The research formed 

and linked the knitted pieces to produce the knitted shape of a ball in Figure 4-15. Even 

though the bottom edge of the knitted piece had a slight curve as compared with the 

pattern shape, these knitted pieces still establish a good shape for a sample. 

 
                                           Ball pattern       Knitted piece              Knitted ball shape   

Figure 4-15 The pattern, knitted pieces and complete ball shape. 

v. Polyhedron  

The research used the hexahedron shape to test the capability of knitting a shape of 

polyhedron. The bottom and the body pieces were the two main parts to build a 

hexahedron shape. Firstly, the research illustrated the patterns in Figure 4-16. Secondly, 

after knitting the bottom and the body pieces, the author linked the pieces to build the 

hexahedron (Figure 4-17). The knitted shape of the body hexahedron had a different 
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outcome as compared to its pattern, due to the setting of the knitting program. But the 

hexahedron was made as a good shape and the pieces were perfectly fitted with each 

other. 

 
                                                Bottom pattern                              Body pattern 

Figure 4-16 The pattern of the hexahedron. 

 
                 Bottom and Body of the knitted hexahedron          The front and side view of the knitted hexahedron 

Figure 4-17 The knitted pieces and complete hexahedron shape. 

The technique of knitting jacquard offered four major benefits in establishing the 

knitted pieces and the shapes. Firstly, the knitted pieces and the geometric shapes have 

prefect finish in the edge of seam. Secondly, the samples showed that the skill of knitted 

jacquard formed a high accuracy knitted piece, which corresponded with the size and 

the scale of the pattern. Thirdly, the author used the knitted pieces to construct the high 

accuracy shape geometrically. Next, adopting the skill of knitting jacquard was able to 

create a sample, which had fewer seams and maybe minimum seam. 

 

4.1.1.3 Using knitting textile in producing the unique shape with textile design 

This experimental work showed that the technique of knitting jacquard achieved to knit 

the unique shape with textile design. The research took the author’s drawing in 2005 in 

Figure 4-18 to design the textile surface such as the colours and the image in this 

section. The textile surface, utilised the pattern of the ball in Figure 4-15, was designed 

by a mirror image in knitting the eight pieces. The sample of octahedron revealed that 

that the pattern was able to combine the unique textile design and the pattern shape in 

Figure 4-19.  
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Figure 4-18 The graffiti, 2005. 

 
                Kitted textile                The front top view of the shape          The top view of the shape 

Figure 4-19 The octahedron shape by symmetrical pattern pieces. 

Then, the research designed the pattern of a vase shape, which was more complex than 

the geometric shapes, to test the capability of knitting the pattern. The vase shape was 

built by the five knitted pieces from the vase pattern in Figure 4-20.  

 
Figure 4-20 The pattern, knitted piece and completed vase shape. 
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The research added the textile pattern on to the knitted pieces of the white vase shape. 

In the detail of designing the textile, the images of the five pieces were set in series 

(Figure 4-21). So, after linking the pieces, the images of the pieces joined well in the 

seams and formed a vase shape with unique textile design. 

  
                                                   The five pieces of textile design               Vase shape 

Figure 4-21 The five pieces of textile design and the constructed vase shape. 

Using digital printing, woven jacquard and knitting jacquard were able to form the 

drawing on the textile. The technique of knitting jacquard gave a better solution in 

building a unique pattern shape with textile design than woven jacquard and digital 

printing. The skill of knitting jacquard had four main benefits, which finished the edge 

of seam allowance perfectly, formed high accuracy of knitted pieces, offered good 

adoptability of geometric and complex pattern and was able to design the fewer seam of 

the shape. The knitted piece represented the sketch on the pattern shape well that help to 

established a sculptural shape uniquely. Especially, the surface pattern of the knitted 

jacquard could be designed and linked as well as in the series. Even this experimental 

work did not help to develop the sculptural form giving method, it still illustrated a blue 

print significantly to work on the further research. 
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4.1.2 Testing the Existing Methods of the Dimensional Transformation in Fashion 

Design 

The research defined the problems of the dimensional transformation of the traditional 

pattern-making techniques in this stage. The first case study was selected in order to 

understand the practical problems between the two-dimensional and three-dimensional 

transformation. These existing methods in fashion design helped to establish the 

physical sample from the flat design sketch. Preparation and design analysis, calculation 

and model realisation were the three major steps involved in building the initial model, 

discussed below. 

 

4.1.2.1 Preparation  

In the preparation step, the author drew a heart shape from parts of her previous drawing 

(Figure 4-4) and illustrated the heart shape on a skirt sketch, shown by front view 

(Figure 4-22) and side view (Figure 4-23). The heart shape offered not only a degree of 

difficulty in establishing a initial sample, but also revealed a possibility of building a 

physical sample from the design sketch in fashion design.  The four major difficulties of 

the heat shape were irregular shape of the silhouette design, asymmetrical design on the 

four sides, the skirt volume bigger than that of normal skirt design and unique design on 

the hem. 

                                            

Figure 4-22                                                     Figure 4-23 

Figure 4-22 Front view of heart shaped skirt sketch.  Figure 4-23 Left side view of heart shaped skirt sketch. 

4.1.2.2 Design analysis and calculation 

The design analysis and calculation are established in this section. The research 

employed the methods of fashion design analysis to investigate the silhouette, 

proportion and design details of the skirt sketch. Next, using the space and size 

Left  Right  Front Back 
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measurements of the existing methods, the variations of the design sketches were 

calculated. 

 

A. Design analysis 

The research employed the references of two aspects, which included the fashion design 

of Mckelvley and Munslow (2003)400, Sorger and Udale (2006)401 and Seivewright 

(2007)402and the fashion design construction of Fischer (2009)403, Joseph-Armstrong 

(2010)404 and MacDonald (2010)405, to study the skirt sketch. The results of the 

analysis, including the details of the silhouette and the proportion of the skirt sketch, 

helped to calculate the measurements of the space and size. The details of the design 

analysis are listed below. 

• The irregular shape and asymmetrical design on the four sides constituted the 

silhouette of the skirt sketches. In the front view sketch, the volume of the right 

side showed as being bigger than that of the left side. The side view sketch 

revealed that the back volume was smaller than that of the front.  

• The front view sketch illustrated that the position of the skirt top on the right 

side was higher than that of left side. The side view sketch illustrated that the 

position of the skirt top in front was higher than that of the back.  

• The details of the proportion included the length and the design details of the 

skirt. The sketches in the front and side views helped to define and clarify the 

proportion of the design details, such as the positions of the bottom and top 

skirts. In the front view sketch, the skirt length was drawn from the middle belly 

to the middle lower leg. The skirt top occupied half the distance between the 

waist and the hip line. In the sketches, the skirt top on the left side and back 

presented a one third distance from the hip to the waist. The details of the 

bottom skirt were revealed; not only the length at the knee line, but also just 

below and just above the knee in the right side and left side, respectively. The 

front detail in the central area of the bottom skirt was located near the left centre. 

The information from the side view sketch emphasised the position of the 

                                                
400 MaKelvey, K. and J. Munslow (2003). Fashion design process, innovation and practice. Oxford, Blackwell 

Science Ltd. 
401 Sorger, R. and J. Udale (2006). The Fundamentals of Fashion Design. London, AVA Publishing. 
402 Seivewright, S. (2007). Basics Fashion Design: Research and Design. London, AVA Publishing. 
403 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
404 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
405 Macdonald, N. (2010). Principles of Flat Pattern Design. New Jersey, Fairchild Publications. 
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bottom skirt, which was located at the front central line of the mannequin. 

Therefore, the front and side views of the skirt sketch enriched and helped 

define and clarify the details of the design proportions.  

Therefore, the front and side view sketch contributed to the research carried out into the 

design analysis. The analysis results showed that the silhouette of the skirt was made by 

an irregular shape and asymmetrical design on the four sides. The length of the front 

skirt was designed from the middle belly to the middle lower leg, but the length of the 

remainder of the skirt was much shorter than that of front.  

 

B. Calculation 

This section describes the details of the space and size measurements by using the 

existing methods in fashion design. 

 

1. Space measurement 

Measuring the data regarding the space from the skirt sketches was the major task in 

the space measurement stage. The research utilised the space measurements from 

the existing methods, such as the traditional pattern-making, draping, the Space 

Manual and ‘art dresses and skirts’, to measure the space of the skirt sketch. The 

process involved when using these methods illustrated that after categorising the 

skirt style, matching the style with the closer references increased the variations in 

the data. However, none of the references gave the measurements of the unique style 

accurately, which was formed by an irregular shape and asymmetrical design on the 

four sides.  

 

2. Size measurement 

The major work involved in the size measurement was to calculate the size data 

from the space data. Based on the references of the traditional pattern-making, 

draping, the Space Manual and ‘art dresses and skirts’, the existing methods 

provided a variety of images of the styles that gave the size samples of the skirt 

sketch. Therefore, the four parts of the skirt sketches, which were the front, back, 

right and left parts, matched the closer styles of the skirt references. The four part 

variations of the skirt sketch were then generated. The data from the size 

measurements was used in the next stage, which was model realisation, in order to 

generate the patterns.  
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4.1.2.3 Model realisation 

The research utilised the size measurement data to illustrate the layers. Before 

generating the patterns and assembling the layers for the skirt sketch, five experimental 

stages were examined in order to study the shape performance of the one- and two-layer 

constructions. The two-layer skirt comprised of an inside and outside layer, but the one-

layer skirt was only built of an outside layer. The aim of the five experimental stages 

was to test the performance of the two skirt constructions; the one-layer and two-layer 

designs. The objectives were to construct a skirt, half of which had a one-layer design 

and the other half with a two-layer design, and then to compare the shape performances. 

These samples adopted four kinds of materials: calico, web406, woven and knitted 

jacquard, in order to understand the relationships between the layer design, the materials 

and shape. 

 

A. The one-layer and two-layer skirt designs 

This research employed the plain skirt and eight-gore skirt patterns as the two basic 

patterns in building the outside and inside layers in the five experimental works. The 

author drew both the plain skirt and the eight-gore skirt patterns based on the 

parameters of a UK size 12 mannequin. The research created the volume between the 

inside and outside layers by dramatically adding different variations. In the inside layer, 

the variations in the waistline and hipline of the plain skirt were added in amounts as 

small as four centimetres, but the eight-gore skirt was formed based on 72 centimetres 

in the waistline and 96.6 centimetres in hip line. Performance 5, shown in Figure 4-28, 

employed the plain skirt pattern in both layers due to testing the strength of the seam. 

Therefore, the other four experimental works used the plain skirt and eight-gore skirt 

patterns in establishing the two-layer skirts.  

The three samples shown in Figures 4-24, 4-25 and 4-26 were made of calico, knitted 

jacquard and woven jacquard. These samples were designed so that one side was 

constructed with the two-layer design and the other side with the one-layer design. 

These samples revealed interesting results, in that the two-layer construction provided a 

better shape performance than that of the one-layer construction.  

                                                
406 A piece of fabric. 
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Figure 4-24 Two views of shaped performance 1.   

 

Figure 4-25 Two views of shaped performance 2. 

 
Figure 4-26 Two views of shaped performance 3. 

The sample of shaped performance 4 in Figure 4-27 was established not only in the two-

layer construction, but also with the webbing. This sample showed that the web gave 

the outside layer slight support, compared in Figures 4-24 and 4-27, but the outside 

layer was still not fully supported. Figure 4-28 reveals the sample of shaped 

performance 5, which was to test the performance of the seams and the skirt shape. A 

pattern was halved and the two pieces were slashed into thirty-six and seventy-two 

R  L  R  

R L R 

R  R  L  
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pieces respectively. The sample of performance 5 showed that the pattern, when slashed 

into more seams, had more strength and was better able to support the shape of the plain 

skirt, in comparison to the sample with fewer seams. Notably, whether the patterns were 

slashed into thirty-six or seventy-two pieces, this sample remained strong enough to 

keep its shape and even to stand by itself.  

 
Figure 4-27 Shaped performance 4: outside and inside views.    

 

Figure 4-28 Two views of shaped performance 5. 

Therefore, the results of the research on these five experimental stages were that basing 

the pattern on the design of the outside and inside layers provided better support to the 

sample shapes compared with the design of the outside layer alone, regardless of 

whether the materials used were calico, knitted and woven jacquard. The two-layer 

design with web provided gentle support for the outside layer. Furthermore, slashing the 

pattern into more pieces provided extra strength from the seams which helped support 

the shape. Therefore, the research utilised the concept of the two-layer design in order to 

establish the sample based on the existing method. 

 

R L R  R L L 
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B. Pattern-making and pattern cutting 

The research utilised the techniques of traditional pattern-making such as Fischer 

(2009:30-33)407 and Joseph-Armstrong (2010:70)408 to draw the pattern on the pattern 

paper. Next, the author cut the pattern from the paper using scissors and then cut the 

pattern from a calico. After labelling the patterns, the pattern cutting step was done. 

 

C. Layers assembling 

The researcher employed sewing techniques to construct the pattern pieces into an 

initial sample. 

 

4.1.2.4 Physical model 

The four views of the primary model of the existing methods are shown in Figure 4-29. 

The photos show the sample with filling, because the volume between the layers is too 

flat unless it is filled with paper.  

 
Figure 4-29 The silhouette of heart shaped skirt and its four views. 

 

4.1.2.5 Evaluation the initial model  

This initial sample of the existing methods was graded as a failed model for three 

reasons, which were the inaccuracy of the calculation and the patterns, and the 

distortion of the proportion and the silhouette. Firstly, the volume of the sample was 

judged to be inaccurate, and this caused two of the problems. One was that this caused 

inaccuracy in drawing the patterns, and the other was that it made the outside layer 

much shorter than the inside one. These two problems illustrated the weaknesses of the 
                                                
407 Fischer, A. (2009). Construction. Switzerland, AVA Publishing. 
408 Joseph-Armstrong, H. (2010). Patternmaking for fashion design. London, Prentice Hall. 
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existing method in the dimensional transformation, such as the decreased accuracy in 

the measurements. Secondly, compared with the photos of the model and with the skirt 

sketches, the model silhouette revealed the distortional problem, especially in the side 

views. This problem highlighted the measurement gap between the design sketch and 

the physical model. Thirdly, the shape of the sample was not smooth and had numerous 

unexpected wrinkles on its surface, which showed that the variations of the surface 

patterns were taken inaccurately. Therefore, the problems with building the initial 

model by using existing methods in fashion design included low accuracy during the 

calculation and pattern generation steps and the distortion inherent in interpreting the 

design details from the skirt sketch when making the sample.   

 

The following three sections discuss the investigations into finding solutions from the 

experimental works to the problems around the preparation and pattern generation in the 

two-dimensional to three-dimensional transformation. 

 

4.1.3 Testing Preparation 

This part of the study aimed to investigate and understand the relationships between the 

patterns and the skirt samples, using the mannequin and the photograph as a basis for 

forming the scale grid in a series. The objectives were divided into three two- and three-

dimensional tasks, which were to define the dimensional factors of the design sketch, to 

study the body parameters of the UK size mannequin and to test the pattern variation 

and the shape. These experimental works were captured by the photos of the front, left 

and back views, because these three views gave the minimum shoots of the symmetrical 

design.  

 

4.1.3.1 The 2D and 3D factors of the design sketch 

According to Wong (1977:5)409 discussing principles of two-dimensional design and 

Wong (1977:6-14) and Thomas (1969:11-12) 410  discussing principles of three-

dimensional design, the research defined the three-dimensional factors of the design 

sketch including length, width and depth, which are depicted in Figure 4-30. The other 

                                                
409 Wong, W. (1977). Principles of three-dimensional design. London, Van nostrand reinhold company. 
410 Thomas, R. K. (1969). Three-Dimensional Design: A Cellular Approach. London, Reinhold Book Corporation. 
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three-dimensional factors of the design sketch, including skirt length and the directions 

of top, bottom, left, right, front and back, corresponded to the physical sample. The 

research also defined the views of the two-dimensional design in the design sketch such 

as the front, back, left and right side. The information about the dimensional factors 

established a series of boundaries between the design silhouette and the physical 

sample. 

 
Figure 4-30 The definitions of two-dimensional and three-dimensional factors of the design sketch411. 

 

                                                
411 According to Wong, W. (1977), the research designed the figures of the front view of a three-dimensional form 

and the other views of a two-dimensional form. 
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4.1.3.2 Studying body sections and cross-sections 

This experimental work utilised Taylor and Shoben’s (1990)412 concept of body section, 

Winakor et al.’s (1990)413  concept of cross-section and Heath (1981:7-11)414  and 

Redmile (1977:18-19)415 measuring techniques in order to measure the volume and 

observe the girth change of the UK size 12 mannequin and the basic skirt. The aim of 

this experiment was to understand the key factors involved in constructing the volume. 

The results could be used to supervise the volume, the slice and the size changing when 

building a physical model in the model realisation stage. The research objectives were 

to measure the stand and the basic skirt in order to draw the body slices and the cross-

sections. Studying the body sections and cross-sections data defined the major factors 

involved in the form construction. The research used manual measurements including L 

Square and tape measurement to measure the mannequin form (Figure 4-32), because 

the data from the Size UK survey in 2004 was inadequate for the needs of this study.  

 

Measurements of the mannequin and the basic skirt both contributed to the data on the 

girths, depths416 and widths in the waistline and hipline. These two measurements were 

both 20 centimeters long between the waistline and the hipline. These two collections 

had similar patterns of shape change; the hip size was bigger than that of the waist. The 

volume of the stand and the skirt in the right and left were showed for balance. 

However, the volume of the belly and the backside made the data different between the 

front and back. The volume of the front waist decreased to that of the hip, and the 

volume of the back waist increased to that of hip. Therefore, the body volumes in the 

two sides were balanced, but the variations in the front and back developed unequally 

due to the variations of the belly and the backside. Based on the results of this 

observation, two experiments were conducted on the body section and cross-section to 

study the volume of the mannequin and the basic skirt.  

 

A. The body sections and the cross-section of the mannequin 

                                                
412 Taylor, P. J. and M. M. Shoben (1990). Grading for the fashion industry: the theory and practice with children's 

and men's wear. London, Stanley Thornes Ltd. 
413 Winakor, G. et al. (1990). "Using geometric models to develop a pattern for lower bodice." Clothing Textiles 

Research Journal 8(2): 49-55. 
414 Heath, S. (1981). Coat and skirt making : skirts, trousers, jackets, coats. London, Granada Publishing Limited. 
415 Redmile, B. (1977). Make your own dress patterns. London, B.T. Batsford Limited. 
416 The hip depth means the length of the central front or central back to hipline. 
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In this experiment, the author measured the girth of the waist and the hip in order to 

study the body parameters of size 12 of the Size UK mannequin, and then to generate 

the body sections. This data not only revealed the sectional relationships of the slices, 

but also profiled the variational relationships between the volume and the body 

parameters. Firstly, after establishing a definition of the body volume, shown in Figure 

4-31, the measurement data of the mannequin was obtained from manual measurements. 

Figure 4-32 reveals the waist data of the left width and the right width, which were both 

equal at 12.25 centimetres. The left and right width in the hip were also the same, at 

17.25 centimetres. The depth of the front waist was revealed to be bigger then that of 

the back waist, which were 11 and 9.5 centimetres respectively. However, the depth 

variation of the front hip was established as being smaller than that of the back; these 

were 9 and 14.5 centimetres respectively. The hip and waist girth were 96.6 and 72 

centimetres respectively, showing that the hip girth was bigger than that of the waist. 

 
Figure 4-31 The definition of the mannequin.    Figure 4-32 Measuring the depth and width in waist and hip 

line of the UK Size 12 mannequin. 

The data on the girths, widths and depths was used to draw the body section of the waist 

and hip in Figures 4-33-A and 4-33-B. Next, overlapping the central points of these two 

slices produced the cross-section in Figure 4-33-C. The cross-section presented the 

variation change of waist and hip. The waist depth in the front, 11 centimetres, had a 

slightly bigger volume than that of the hip, which was 9 centimetres. Nevertheless, the 

waist depth in the back, 9.5 centimetres, had a much smaller volume than that of 14.5 

centimetres. 

 

Hip girth= 96.6 
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Figure 4-33-A                          Figure 4-33-B                            Figure 4-33-C 

Figure 4-33 The body sections and the cross-section of waist and hip without variation. 

From this experiment, it was established that the slices consisted of the three key 

factors: the width, depth and girth. 

 

B. The body sections and the cross-section of the basic skirt 

The calculation formulas illustrated in Figure 4-35 were used to draw the slices in this 

collection. The patterns of the basic skirt were modified by adding 4 centimetres in the 

waist and the hip. The hip and waist girth were 76 and 100.6 centimetres respectively. 

The girth data of the mannequin and the calculation formulas were then used to draw 

the patterns of the basic skirt, to cut the pattern and to sew the pieces. Due to the 

difficulty of measuring the sectional data from the sample skirt, the body sections of the 

basic skirt were drawn based on the body sections of the mannequin, which were shown 

in Figure 4-33-A and Figure 4-33-B. After marking and labelling the details of the 

mannequin’s body sections, such as the horizontal and vertical lines, a new girth was 

drafted, which added 4 centimetre variations, by using the ruler. The new measurements 

of the depth and width of the slices were then taken. Therefore, drafting the slices by 

using the data on the width and depth to draw the girths showed that the body sections 

were measureable mathematically. 

 

The waist and hip girth were 76 and 100.6 centimetres respectively. The left and right 

width of the waist were both 12.95 centimetres, and of the left and right hip were both 

17.65 centimetres. The depth of the front waist was still revealed to be bigger then that 

of the back waist, at 11.5 and 10.1 centimetres respectively. However, the depth 

variation of the front hip was found to be smaller than that of the back, at 9.5 and 15.6 

centimetres respectively. The cross-section of the basic skirt illustrated that the depth of 

the front waist, 11.5 centimetres, was bigger than that of hip, 9.5 centimetres, but the 

depth of the back hip, 15.6 centimetres, was bigger than that of the width, at 10.1 

centimetres.  
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Figure 4-34-A                           Figure 4-34-B                          Figure 4-34-C 

Figure 4-34 The body section and the cross-section of waist and hip with variation.   

The method of drawing the slices demonstrated that the use of data on the width, depth 

and girth formed the body sections of the basic skirt. Following this, the volume 

between the waist and the hip could be shown by placing the slices for the waist and hip 

20 centimetres apart. Therefore, this experiment revealed that it was possible to use the 

width, depth and girth data to reconstruct a volume. 

 

C. Evaluation of the measurement data of the mannequin and the basic skirt 

The slice data of the two collections were compared in this section, and it was found 

that the width and depth were increased due to the increase in the girth. The slices of the 

basic skirt revealed that adding 4 centimetre variations in the waist girth increased the 

depth by 1.1 centimetres and the width by 1.4 centimetres. The hip girth of the basic 

skirt was also increased by 4 centimetres, which increased the depth by 1.6 centimetres 

and the width by 0.8 centimetres. The slices of the two collections illustrated that 

increasing the girth affected the size of the width and depth. So, adding even a small 

amount of variation, such as 4 centimetres, still changes the size of the width and the 

depth.   

 

The mannequin and the basic skirt were there to be observed and measured in the 

experiments. The results from the observation were that the width data was balanced in 

the right and left side, but the belly and the backside increased the depth. There were 

two major results from these measurements. The body sections were measureable, 

because the data on the depth, width and girth built the slices. The depth and width were 

affected by adding variations in the girth. Placing the body sections of waist and hip 

with a 20-centimeter distance between them represented the volume between waist and 

hip, which shows that the reconstruction of body sections was possible. Therefore, 

monitoring the slice data made it possible to control the behavior of the volume. 
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4.1.3.3 The patterns and the images of the skirt samples 

In this section, the aim of this experiment was to understand the behaviour of the 

volume by studying the pattern and sample shapes. The objectives were to use the 

traditional pattern techniques, sewing and the captured photographs in order to 

investigate these experiments. The following sections are primarily focused on studies 

of the basic skirt and the five collections of the pattern and its shape. 

 

A. Basic skirt 

The research not only utilised the measurement data from the Size UK mannequin in the 

previous measurements of the body sections, but also employed the measuring 

techniques described by Heath (1981:7-11)417 and Redmile (1977:18-19)418 to illustrate 

the patterns of the basic skirt in the plain style. The waist and hip were 72 and 96.6 

centimetres respectively. After adding 4 centimetres of variations in the waist and hip, 

the data was calculated with the formula data, shown in Figure 4-35, and then the 

patterns were cut and the pieces sewn. The basic skirt, which measured a size 12, 

depicted in Figure 4-36, had a plain style with a small amount of variation in the waist 

and hip.  

   
Figure 4-35 The front and back blocks of the basic skirt.     

                                                
417 Heath, S. (1981). Coat and skirt making : skirts, trousers, jackets, coats. London, Granada Publishing Limited. 
418 Redmile, B. (1977). Make your own dress patterns. London, B.T. Batsford Limited. 
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Figure 4-36 The three views of the basic skirt. 

 

B. Pattern slashes, variations and shapes 

In this section, five collections were developed by using the techniques of pattern 

slashing and adding fullness, based on the blocks of the basic skirt. Each collection 

(Table 4-1) had seven patterns and seven samples. These patterns adopted the same 

style as the pattern slash and one of the seven classes in adding the variation in the hip. 

After pattern cutting and sewing, the thirty-five samples were evaluated by 

photographic capture in the three views. The author then drew the results from assorted 

sample photos in two ways, each showing the same number of variations and the same 

pattern. The details of adding variation in the samples are shown in Table 4-2.  
Table 4-1 The slashed pieces and the variations of the five collections. 

Collections Slashed pieces The styles  Where adding the variations were 
added 

1 Side seams 
2 Central seams 
3 

4 Plain skirt 
Side and central seams 

4 8 Eight-gore skirt Two sides of each piece 
5 16 Sixteen-gore skirt Two sides of each piece 

 
Table 4-2 The details of adding variations in the seams. 

Total added variations in hip (cm)  16 32 48 64 80 96 112 
Reference numbers 

Pattern making position 1-1 1-2 1-3 1-4 1-5 1-6 1-7 

Added in front central seam 0 0 0 0 0 0 0 
Added in left side seam 8 16 24 32 40 48 52 
Added in the back central seam 0 0 0 0 0 0 0 
Added in right side seam 8 16 24 32 40 48 52 

Variation adding data 2-1 2-2 2-3 2-4 2-5 2-6 2-7 
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Pattern making position 
Added in front central seam 8 16 24 32 40 48 52 
Added in left side seam 0 0 0 0 0 0 0 
Added in back central seam 8 16 24 32 40 48 52 
Added in right side seam 0 0 0 0 0 0 0 

Variation adding data 
Pattern making position 3-1 3-2 3-3 3-4 3-5 3-6 3-7 

Added in front central seam 4 8 12 16 20 24 28 
Added in left front side seam 4 8 12 16 20 24 28 
Added in back central seam 4 8 12 16 20 24 28 
Added in right back side seam 4 8 12 16 20 24 28 

Variation adding data 
Pattern making position 4-1 4-2 4-3 4-4 4-5 4-6 4-7 

Added in seams of the eight pieces 2 4 6 8 10 12 14 
Variation adding data 

Pattern making position 5-1 5-2 5-3 5-4 5-5 5-6 5-7 

Added in seams of the sixteen pieces 1 2 3 4 5 6 7 
 

These five collections, which formed the thirty-five skirt samples, were evaluated by 

two methods, which were to capture the samples in the front, side and back views and to 

compare the patterns and shapes. The patterns and samples, which are listed below, 

were practical for forming the patterns. The grey areas of the patterns represent the 

volumes, where the variations were added.  

1. Collection 1: The pattern of skirts 1-1 to 1-7 were added incorporating the fullness 

range of the seven classes of variation in the left and right side seam. Figures 4-37 to 

Figure 4-43 depict the photos of these patterns and their samples. These images 

revealed that the volumes in the two sides were increased gradually, due to adding 

the seven classes of variation. Compared with the basic skirt, the last two skirts of 

this collection revealed that the volumes in the two sides rose dramatically. But the 

side view photos showed that the front and the back volumes of the samples 

remained flat.  

 
Figure 4-37 The patterns and three views of sample 1-1. 
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Figure 4-38 The patterns and three views of sample 1-2. 

 
Figure 4-39 The patterns and three views of sample 1-3. 

 
Figure 4-40 The patterns and three views of sample 1-4. 

 
Figure 4-41 The patterns and three views of sample 1-5. 

 
Figure 4-42 The patterns and three views of sample 1-6. 
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Figure 4-43 The patterns and three views of sample 1-7. 

2. Collection 2: In the pattern-making step, the seven variations were divided into two 

seams, which were the front and back seam. The author used this data to draw the 

pattern of skirts 2-1 to 2-7, which are shown in Figures 4-44 to 4-50. In the side 

views, the remarkable volumes in the front and back were shown in these samples. 

However, the volumes of the samples in the two sides remained stable. 

 
Figure 4-44 The patterns and three views of sample 2-1. 

 
Figure 4-45 The patterns and three views of sample 2-2. 

 
Figure 4-46 The patterns and three views of sample 2-3. 
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Figure 4-47 The patterns and three views of sample 2-4. 

 
Figure 4-48 The patterns and three views of sample 2-5. 

 
Figure 4-49 The patterns and three views of sample 2-6. 

 

Figure 4-50 The patterns and three views of sample 2-7. 

3. Collection 3: This collection was also formed of seven samples, which were skirts 

3-1 to 3-7. These samples divided one of the seven classes of variation in the four 

seams, which were the front, back, left and right seams. The patterns were drawn by 

adding the variations in the four sides, which also created increased volume on the 

four seams, (Figures 4-51 to 4-57). These photos illustrated that the volumes on the 

four seams increased. 
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Figure 4-51 The patterns and three views of sample 3-1. 

 
Figure 4-52 The patterns and three views of sample 3-2. 

 
Figure 4-53 The patterns and three views of sample 3-3. 

 
Figure 4-54 The patterns and three views of sample 3-4. 

 
Figure 4-55 The patterns and three views of sample 3-5. 
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Figure 4-56 The patterns and three views of sample 3-6. 

 
Figure 4-57 The patterns and three views of sample 3-7. 

Based on the results of this collection, the research utilised the multi-cutting in next two 

collections to study the behaviour of the volumes. 

4. Collection 4: The technique of slashed patterns was employed to draw a basic block 

of the eight-gore skirt, which had eight seams. The author drew a basic pattern of 

the eight-gore skirt by adding 4 centimetre variations in the girth of the waist and 

hip, which had the same amount of variation as the plain skirt. The pattern-making 

method in this collection was to add the results of the calculation on the hipline in 

the seams of the basic pattern. The calculation was to divide the variations into the 

eight seams, and then illustrate the patterns. The images of the seven samples, 

shown in Figures 4-58 to 4-64, revealed that the volumes increased on the hipline of 

the seams. 

 
Figure 4-58 The patterns and three views of sample 4-1. 
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Figure 4-59 The patterns and three views of sample 4-2. 

 
Figure 4-60 The patterns and three views of sample 4-3. 

 
Figure 4-61 The patterns and three views of sample 4-4. 
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Figure 4-62 The patterns and three views of sample 4-5. 

 
Figure 4-63 The patterns and three views of sample 4-6. 

 
Figure 4-64 The patterns and three views of sample 4-7. 

5. Collection 5: The samples in this collection utilised the same pattern techniques as 

collection 4, which were the slashed pattern and the calculation. The author created 

a basic pattern of the sixteen-gore skirt, which had sixteen seams. Then, the seven 

classes of variation were calculated into sixteen seams to get the variation data. 

Next, the variation data was added in the hipline of the basic sixteen-gore skirt 

pattern with formed the seven patterns. The photos of the samples, revealed in 

Figures 4-65 to 4-71, show that the volumes of the skirt samples were established in 

the hipline of the seams.  
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Figure 4-65 The patterns and three views of sample 5-1. 

 
Figure 4-66 The patterns and three views of sample 5-2. 

 
Figure 4-67 The patterns and three views of sample 5-3. 
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Figure 4-68 The patterns and three views of sample 5-4. 

 
Figure 4-69 The patterns and three views of sample 5-5. 

 
Figure 4-70 The patterns and three views of sample 5-6. 
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Figure 4-71 The patterns and three views of sample 5-7. 

These five collections showed that using the pattern techniques of the slash pattern and 

adding fullness in the positions in pattern-making affected the samples. The samples in 

collections 1 to 3 illustrated that adding the variations on the seams, including in the 

side,  front and back and the four seams, increased the volumes in these positions. 

Nevertheless, the shape on other seams, which did not have any variation, remained 

stable. The samples in collections 3 to 5 also showed that the three kinds of pattern 

slash, which were four, eight and sixteen pieces, made the differences on the sample 

forms. In these three collections, the sample shapes of collection 5 appeared to be 

smoother than the other two collections. In contrast, the sample shapes of collection 3 

were showed to be sharper than the other collections. By sorting the samples by the total 

variation, such as comparing samples 1-7, 2-7, 3-7, 4-7 and 5-7, five different shapes 

were obtained by giving the same amount of variations in the different conditions: 

adding variation onto the patterns. Therefore, it was possible to control the volumes of 

the samples by employing the pattern techniques. From the experiments, two major 

issues affected the sample shapes. On the one hand, the pattern techniques of pattern 

slash and adding fullness influenced the sample shapes. On the other hand, making the 

pattern with more slashes created smoother shapes that making it with fewer slashes. 

The experimental results therefore demonstrated that using pattern slashes, the variation 

and location at which the variation was added it was possible to manage the volume. 

 

During the preparation, after defining the factors of the design sketch, these experiments 

revealed two major results. The sample volumes were measurable and it was possible to 

reconstruct them by the distance between the levels and the data from the slice, 

including the depth, width and girth. The skirt volumes were manageable by using the 

pattern techniques and adding the variation in the positions.  
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4.1.4 Testing Pattern Generation 

The research investigated generating patterns in two areas, calculation and model 

realisation, in order to develop a series of functional tools and model realisation 

methods. References from the literature review provided the concepts of standardising 

and systemising the process of pattern generation in these experiments. These references 

showed that for the design translators to realise the design sketch required the processes 

of analysis, finish and visualisation, such as the manual building of architectural contour 

models. The grid references also gave good examples of standardising the transfer 

process, such as building manual architectural models and utilising the working 

drawings in smart clothing and in the Space Manual in fashion design.  

Based on the problems of reduced accuracy and distortion in using the existing methods 

to establish the physical sample from the design sketch, the aims of generating patterns 

were to standardise and systemise the realisation process between the design sketch and 

the initial sample. The objectives were to resolve three issues: developing the tools to 

measure the space and the size of the sketch, producing a pattern-making method from 

the existing pattern techniques by using the calculation data, and establishing a method 

for assembling the layers. The following sections describe the experiment details and 

the process of developing the tools and methods. 

 

4.1.4.1 Calculation 

In this stage, two tools were developed for taking space and size measurements, and the 

Excel program was adopted to simplify the calculations. Measuring the design sketch 

without standardised and systemised tools were a major weakness of using the existing 

methods in the dimensional transfer, so the tools were developed by studying the results 

of two experiments. The details of development of these two tools, the sketch scale grid 

and the standard garment sheet, are described in the following sections.  

 

A. Developing the standard garment sheet 

This experiment employed the mannequin photos and the measurement data from the 

mannequin in order to design a standard garment sheet, which drew a scale grid on the 

figures where each cell represented the variation against the mannequin that was five 
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centimetres high and five centimetres wide. Firstly, a camera was used to take the front, 

left side, back and right side views of the mannequin. Secondly, these individual images 

were printed full size on A4 paper. Next, based on the measurement data from the Size 

UK experiment, the scale grid was drafted on the printed images by following the 

experimental scale. Before setting the other horizontal levels, three major lines were set 

on the images, show in Figure 4-72; these were the central line, waistline and hipline. 

Following this, using the same drafting method the vertical lines were drawn, forming 

the cells of the scale grid on the images. Finally, the standard garment sheet was drawn 

from the front and left side view, as shown in Figure 4-73 and appendix H.  

 
Figure 4-72 The central, waist and hiplines on the four views of Size UK mannequin images. 

 
Figure 4-73 The standard garment sheet. 

This experiment formed the standard garment sheet from the mannequin photos. The 

scale grid of the sheet defined the variations between the stand photos and the 

mannequin, and redefined the silhouette of the mannequin; where anything below hip 

level is shown by broken lines. These broken lines constituted the boundaries of the 

revised mannequin and extended the edge up to the knee. The updated silhouette 
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provided the definition of the design sketch and simplified the calculation of the size 

measurement. 

 

B. Developing the sketch scale grid 

Following the design of the standard garment sheet, the relationships between the 

design sketch and the stand photos were established. The same method was used to 

develop the sketch scale grid. Based on the printed mannequin images and the design 

sketch in various scales, it was important to investigate developing the sketch on a scale 

grid that standardised a fixed scale grid on the design sketches. This enabled the sketch 

scale grid to be printed on any printer and at any image size with the standardised scale. 

Firstly, the two views of the design sketch were drawn in different scales, because the 

scales of the freehand sketches were normally slightly different. The front view sketch 

revealed the scale to be around 1:6.5, and the side view sketch scale was around 1:7.7, 

shown in Figure 4-74. Secondly, the same drafting method was used to draw the sketch 

scale grid. After drafting the central lines, waistlines and hip lines on these two 

sketches, the sketch scale grid was developed by defining the hip width data of the 

sketches to correspond with that of the mannequin. Next, the scale of the two sketches 

was adjusted equally and then the scale grid was drawn on the sketches, illustrated in 

Figure 4-75 and appendix G. The sketch scale grid provided a method by which to 

adjust the scales between the sketches and the mannequin images. In particular, the 

adjustment method was able to adopt any scale of the design sketches by using the hip 

data of the design sketch and the mannequin.  The sketch scale grid standardised the 

variation between the design sketch and the mannequin images. 
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Figure 4-74 Front and side view of the design sketch.        Figure 4-75 The sketch scale grid. 

These two tools, the sketch scale grid and the standard garment sheet, not only built the 

relationships between the design sketch and the mannequin, but also redefined the 

boundaries of the stand images. These would be of practical help in taking the 

measurements of the space and size from the design sketch. The following two sections 

describe the steps and details of the space and size measurements. 

 

4.1.4.1.1 Space measurement 

Transferring the design sketch, measuring the space from the standard garment sheet 

and writing down the data were the three major tasks in this stage. The sketch outline 

was recognised by the stroke of the sketch, based on the references in the literature 

review. These references gave great insights into conducting the experiments, for 

example the Space Manual employed the linear measurement by calculating the space 

of the sketch silhouette, and applications like ‘Plushie toy’ recognised the silhouette 

from the strokes. Therefore, the design silhouette was transferred as the first step in the 

space measurement. 

 

A design sketch was created that had an irregular shape and was asymmetrical on the 

four sides, and which drew an oval shape in the front view and a geometric shape in the 

side view on the sketch scale grid, shown in Figure 4-76. After drawing the points on 
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the intersection of the shape and the horizontal levels on the sketch scale grid, the points 

were redrawn on the standard garment sheet from the sketch scale grid, illustrated in 

Figure 4-77. Transferring the design details of the oval shape would result in drawing 

more points that with those of the geometric shape. The transfer of the design details 

was complete after linking the points to form the shape shown in Figure 4-78. The 

second step was to measure the sketch space from the standard garment sheet. The 

space of the design sketch was divided into two areas: above and below the hip level. 

The space above the hip level was calculated in order to measure the horizontal space 

between the edge of the mannequin and the sketch silhouette. Conversely, the space 

below the hip level was calculated to read the data horizontally between the broken line 

edges and the sketch silhouette. The grey areas shown in Figure 4-79 represent the 

volume of the sketch. The final stage of the space measurement was reading the space 

data from the standard garment sheet. The horizontal cells were measured manually in 

order to count the cells and then to multiply them by the scale, which was five 

centimetres. 

 
Figure 4-76 Example of the sketch scale grid.                  
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Figure 4-77 Drawing points on the sketch. 

        
Figure 4-78 Transferring the points on the standard garment sheet.          

 

Figure 4-79 Linking the points. 
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After obtaining the space measurements, the data was noted on the sheet. It was 

especially important not to leave the sheet blank regarding the space measurement; 

when there is no space data then ‘0’ should be entered. Whether the design details were 

in a geometric or an oval shape, space data measurements were taken at each level, 

shown in Figure 4-80. 

 
Figure 4-80 Example of space measurement on the front and left side view of the standard garment sheet. 

The space measurements were taken in order to transfer the design details to the 

standard garment sheet from the sketch scale grid. After reading the measurement data 

horizontally and writing it down, the space measurement data was taken. 

 

4.1.4.1.2 Size measurement 

Once the space measurement data had been obtained, the next step was to calculate the 

size measurement data. The size measurement was determined while calculating the 

mathematical data for pattern-making. The two major methods used for establishing the 

size measurements in this study were calculating manually and using the Excel 

program. The literature review revealed references such as Yu (2004)419 and Emery 

(2010)420, which showed that manual calculation was a common method by which to 

determine the data in drawing pattern pieces. However, applications such as the Excel 

program in the Space Manual by Bryant and Demers (2006)421 employed the software to 

simplify the calculation process, which reduced the time needed for the size 

measurements and presented the data sets clearly. Therefore, manual calculations and 

the Excel programme were used in these experiments, as illustrated below.  

 
                                                
419 Yu, W. (2004). Human anthropometrics and sizing systems. Clothing appearance and fit: science and technology. 

J. Fan, Yu, W. and Hunter, L. Cambridge, Woodhead Publishing Limited. 
420 Emery, J. S. (2010). Patterns and Pattern Making. The Berg Companion to Fashion. V. Steele. Oxford, Berg: 556-
559. 

421 Bryant, M. W. and D. DeMers (2006). The spec manual. New York, Fairchild Publication, Inc. 
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A. Manual calculation 

Based on the scale grid design of the standard garment sheet, there were two kinds of 

layers, vertical and horizontal, forming a physical sample. These layers were created by 

the size measurement data of vertical and horizontal patterns. This step used the manual 

calculation method to generate the horizontal and vertical layers. 

 

1. Horizontal layer 

The top view map was drawn of the horizontal layer, which followed the definitions 

in two dimensions and three dimensions, shown in Figure 4-30. This map, illustrated 

in Figure 4-81, presented the information of the horizontal patterns corresponding 

with the sample. This map also carried four major sets of information: the 

abbreviations of the pattern and the seam, the pattern direction and the panel name. 

The sixteen slashes provided more seams to help perform the sample shapes; the 

pattern concept from the sixteen-gore skirt was chosen to design the map. It was 

thought that using sixteen pattern pieces in the model construction provided stronger 

support and presented more design details than using eight pieces and four pieces. 

 
Figure 4-81 The map of horizontal layers using four colours. 

Figure 4-82 is a simulation of the five mock-up views of the horizontal layers in 

the layer assembling. In the front view at an angle of 22.5˚, this image presented 

and corresponded with the colours on the map.  
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Figure 4-82 Four views of assembling simulation of the horizontal layers.  

Following the map concept, the calculating formulas were divided into four 

blocks: front right, front left, back right and back left. Each seam of the blocks 

had a calculating ‘recipe’, which are listed below. No formula was drawn in the 

seams of the front central, right side, back central and left side, because the 

variations of these seams equalled those of the size measurement data. Each 

horizontal layer was established by five sets of size measurement data. For 

instance, the data of the front central, FR1, FR2, FR3 and right side built the waist 

horizontal layer in the front right block. For example, taking the waist horizontal 

layer in the front right block, shown in Figure 4-61, the five measurements were 

7.5, 5.6, 3.8, 1.9 and 0 centimetres in the front central, FR1, FR2, FR3 and right 

side respectively. 

1. Front Right:                                                           2. Front Left: 

FR1= front+((Right-front)x1)/4                             FL1=Left+((Front-Left)x3)/4 

FR2= front+((Right-front)x2)/4                             FL2=Left+((Front-Left)x2)/4 

FR3= front+((Right-front)x3)/4                             FL3=Left+((Front-Left)x1)/4 

3. Back Right:                                                           4. Back Left: 
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BR1=Right+((Back-Right)x3)/4                           BL1=Back+((Back-Left)x1)/4 

BR2=Right+((Back-Right)x2)/4                           BL2=Back+((Back-Left)x2)/4 

BR3 =Right+((Back-Right)x1)/4                          BL3=Back+((Back-Left)x3)/4
 

The maximum horizontal layers were fifty-two layers. Depending on the volume of 

the sketch, the number of horizontal layers could be decreased. 

 

2. Vertical layer 

Based on the horizontal and vertical design of the map, there were sixteen pieces of 

vertical layers. Each vertical layer was made up of the thirteen data sets, which were 

the levels from waist level to the eighth hip level. Depending on the volume of the 

design sketch, the amount of vertical data could be reduced. After obtaining and re-

organising the horizontal data, it was possible to establish the data for the vertical 

layers. The data for the vertical layers were to be used to draw the horizontal layers 

in the model realisation; see Figure 4-65.  

 

B. Using Excel program in calculation 

Regarding the time and the complexity involved in calculating the size measurements 

manually, the Microsoft Excel application was employed to carry out the calculations, 

for two reasons. The Excel program is a calculation application, which not only is part 

of the basic package of office applications present in most personal computers, but also 

had the benefit of being easy to access compared with other counting applications. The 

aims of using the Excel program were to reduce the calculation time, to decrease the 

complexity of the calculations and to display the calculation results clearly. An Excel-

based calculation program was designed with three major parts: header, blue area and 

size measurement tables, shown in Figure 4-83, appendix B and the additional material 

(the Excel program of the size measurement). The header was designed to hold the label 

of a collection of information, such as a group number. The blue area was to enter the 

space measurement data from the standard garment sheet into. The two images of the 

standard garment sheet, above the blue area, provided a visual way to enter the data, and 

were intended to make entering the data easier. At the bottom of the program, there 

were five size measurement tables, which automatically displayed the calculation data. 

These tables also showed the results of the calculations and gave additional information 

about the model realisation, such as the image of the block corresponding to the 

sectional map. 
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Figure 4-83 Three major parts in the Excel program. 

 

4.1.4.2 Testing model realisation 

The two major tasks in the model realisation stage were generating patterns and 

assembling layers. The pattern-making method was developed from the existing 

clothing techniques, including the concepts of traditional pattern-making and pattern-

making prototypes. Next, by using the concept of the interior fitment to construct the 

physical model the horizontal and vertical layers were assembled. The details of how 

the pattern-making and layer assembling methods were developed are given in the 

following sections and appendix C.  

 

4.1.4.2.1 Pattern-making 

The traditional pattern-making techniques were employed to draw the vertical and 

horizontal layers. Using the size measurement data shown in Figure 4-84, these layers 

were formed. For example, drafting a horizontal layer at the hip level utilised the raw 

data from the data set, including the data of the front central, front right 1, front right 2, 

front right 3 and right side. The column data of the table illustrated was used to create a 

vertical layer. However, it took ten working days to draw the sixty-eight patterns of a 

sculptural form-giving model without using prototypes. 

Header 

Blue area 

Size measurement tables 
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Figure 4-84 Example of using the Excel data in drawing horizontal and vertical layers. 

 

4.1.4.2.2 Skirt prototypes 

Considering the time taken on the pattern-making, the concept of the prototype was 

employed from the traditional pattern-making to develop the skirt prototypes, in order to 

decrease the drafting time. Based on the size measurement data, two prototypes were 

designed, one vertical and four horizontal. The first two levels of the prototypes drafted 

were the waist level and hip level ones. These prototypes utilised the previous data of 

the body sections in the Size UK mannequin. Figure 4-85 illustrates the concept of 

developing the horizontal prototypes at the hip level by adopting the body section of the 

hipline. The hip section of the front left and back left contributed to developing the front 

and back prototypes at the hip level. Due to the measurements of the left and right side 

of the body sections being equal, the prototype was developed in parallel.  
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Figure 4-85 The front and back prototype of the hip level with the hip section of the front left and back left. 

The waist and hip levels were used to develop the prototypes in the other levels. After 

dividing the body section data of the waist and hip level generated the prototypes of the 

three levels, the prototypes of ‘hip up 1 level’, ‘hip up 2 level’ and ‘hip up 3 level’ were 

formed. According to the broken lines of the standard garment sheet, the levels below 

the hip level had equal volume to the hip level. Therefore, the prototypes of the hip 

level could be adopted for drawing the patterns at and below the hip level.  

 

Based on the map of horizontal layers and the volume of the standard garment sheet, it 

was concluded that each horizontal prototype carried three basic sets of information in 

pattern-making: two seam allowances, the five broken lines and the abbreviation of the 

layers. These seams and the seam allowances were created to gather the layers. The 

vertical prototypes also provided similar information for pattern-making regarding seam 

allowance; thirteen broken lines of the levels. After the development of the prototypes, 

the construction of the horizontal and vertical layers was tested as shown in a full mock-

up volume in Figure 4-86, in order to adjust the parameters of the prototypes. Before 

making the horizontal layers into four blocks, there was a difficulty in the layer 

construction assembling bigger patterns, which combined a front and a back pattern 

horizontally. The construction problem was solved after cutting the front and back 

patterns individually. A set of prototypes was therefore served by six pieces, which 

included five horizontal prototypes in a double side using and one vertical prototype in 

a single side.  
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Figure 4-86 The experimental works in constructing the prototypes. 

These five horizontal prototypes represented the front and back layers during the waist 

and hip levels, shown in Figure 4-87. Any vertical layers would adopt the only vertical 

prototype, shown in Figure 4-88. Using a laser-cutting machine to cut these patterns 

provided high cutting accuracy compared with that of manual cutting, shown in Figure 

4-89. 

      
Figure 4-87 Basic information of the horizontal layers.   Figure 4-88 Basic information of the vertical layers. 
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Figure 4-89 Laser cutting machine was cutting a horizontal layer.  

A set of the prototypes were designed to produce six prototypes. Each left side 

prototype also carried the data for the other side, but all the vertical layers shared a 

vertical prototype. The levels below the hip level adopted the prototype in the hip level 

and the other levels had their own prototypes. These prototypes helped to reduce the 

time needed to draft the patterns, making it ten times quicker than drawing without the 

prototypes. 

 

4.1.4.2.3 Pattern-making method 

The pattern-making method combined the concept of pattern-making and that of 

developing prototypes. The pattern-making method of drafting the vertical and 

horizontal layers was developed by adopting the prototypes. Figures 4-90 and 4-91 

show the relationships between the prototypes and the layers. The cutting concept of 

these patterns employed the traditional pattern-making techniques. The pattern-making 

methods for the horizontal and vertical layers are described in the following section.  
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Figure 4-90 Layer map and horizontal prototypes. 

  
Figure 4-91 Vertical prototype and assembling levels. 

 

A. Horizontal pattern layer 

There are seven steps involved in drawing a horizontal pattern piece, illustrated below: 

Step 1: Place the horizontal prototype shape on a piece of cardboard. Then mark the 

cardboard as shown in the prototype (see Figure 4-87). Mark and label the 

cardboard as mentioned in the prototype, for instance two seam allowances, 

prototype shape, five broken lines and the abbreviation of the layers. Now take the 

prototype away from the cardboard. 
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Step 2: Working on the copied shape, as in the example in Figures 4-92 to 4-99, which 

is the front right HL layer of size measurement data. Firstly, draw points A, B, C, 

D, E, P and Q in a curved line on the shape. Secondly, measure the distance, as 

mentioned in Figure 4-92 (i.e. front central 17 cm), from point A, and then label it 

to point F on the dotted line. Similarly draw points F, G, H, I and J (see Figure 4-

93) on the pattern using the size measurement data (see Figure 4-92). Thirdly, 

mark points R and S as = and = .  

 
 

 

Figure 4-92 Drawing points from the size measurement data. 

 
Figure 4-93 Measuring and Drawing point A to S on the cardboard. 

Step 3: Draw the central point’s K, L, M, N and O on the lines ,

€ 

BG ,

€ 

CH ,  and 

 (see Figure 4-94). 

 
Figure 4-94 Measuring and drawing points from K to O. 

! 

AF

! 

PR

! 

EJ

! 

QS

! 

AF

€ 

AF  

€ 

CH

€ 

BG

€ 

DI

€ 

EJ



 136 

Step 4: Draw 2 cm perpendicular lines on the left side of point F and the right side of 

point J (see Figure 4-95). Then draw another 2cm perpendicular line on the left 

and right side of points G, H and I. 

 
Figure 4-95 Drawing 2cm lines. 

Step 5: In this step, link the perpendicular lines between the points F, G, H, I and J 

using an armhole ruler, and redraw a smooth line, as shown in Figure 4-96. Seam 

allowance points 

€ 

RF  and 

€ 

SJ  are joined and make a straight line. 

 

Figure 4-96 Linking points. The  dotted lines represent straight linking. 

Step 6: Cutting the cardboard from the  line. 
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Figure 4-97 Cutting the outline line. 

Step 7: Now, cut 0.5cm on the , , ,  and  lines. Before cutting, label 

each layer of the horizontal layers. Figure 4-99 shows a practical view of cutting 

the pattern from a pattern-making paper. 

    
Figure 4-98 Cutting the five lines.   

 

Figure 4-99 The example of cutting the pattern from a pattern-making paper. 

 

B. Vertical pattern layer 

A vertical pattern was generated in six steps, described below: 
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Step 1: Place the vertical prototype shape on a piece of cardboard. Then mark the 

cardboard as shown in the prototype (see Figure 4-92). Mark and label the 

cardboard as described in the prototype, such as one seam allowance, prototype 

shape, thirteen broken lines and the abbreviation of the levels. Now take the 

prototype away from the cardboard. 

 

Step 2: Work on the copied shape, as in the example in Figures 4-100 to 4-104, which 

show the front central vertical layer of the size measurement data. Firstly, draw 

points A, B, C, D, E, F, G, H, I, J K, L and M in the left curved line on the shape. 

Secondly, measure the distance as shown in Figure 4-100 (i.e. WL level 7.5 cm) 

from point A and then label it to point N on the dotted line. Similarly draw points 

O, P, Q, R, S, T, U, V, W and X on the pattern using the size measurement data. 

 
Figure 4-100 Drawing point from the size measurement data. 

Step 3: Draw the central points 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 on the lines , , 

, , , , , ,   and  (see Figure 4-101). 

! 

HU

! 

KX
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Figure 4-101 Drawing central points in each level. 

Step 4: In this step, link the lines between the points N, O, P, Q, R, S, T, U, V, W, X 

and L using an armhole ruler and redraw a smooth line as shown in Figure 4-102. 

Lines and  are joined and make a straight line. Due to ‘0’ data in the level 

of HL↓7 and HL↓8,  links points X and L. 

 
Figure 4-102 Linking the outline of point N to L. 

Step 5: Cut the cardboard from line . Then cut 0.5cm more on the lines , ,

, , , , , , ,  and . 
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Figure 4-103 Pattern cutting. 

Step 6: Label each layer of the horizontal layers. 

 
Figure 4-104 Vertical pattern piece. 

 

4.1.4.2.4 Layer assembling 

Two experiments tackled layer assembling, assembling layers with and without body 

parameters. The assembling concept was inspired by the interior fitment of the wine 

glassed packaging, which was the FEFCO422 code 0933 of interior fitments with 

corrugated packaging, shown in Figure 4-105. Therefore, experiments were made into 

the concept of the interior fitment to construct the layers without body parameters. An 

assembling process was then developed in building the sculptural form-giving model, 

establishing the layers with body parameters. 

                                                
422 FEFECO (2011). "What is FEFECO?". http://www.fefco.org/what-is-fefco/who-we-are.html , Retrieved 20 

February, 2012. European Federation of Corrugated Board Manufacturers (FEFCO) was established in 1952 and 
is an association of the European Corrugated Board Industry. 
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Figure 4-105 The interior fitments of FEFCO 0933 corrugated packaging423. 

 

A. Assembling layers without body parameters 

The design sketch was taken from a design communication with a Master student (see 

Figure 4-106) as a source from which to build a model without body parameters. These 

sketches were drawn in the design discussion between the author and the student. They 

communicated on the topic of design realisation using the hat sketches as an example. 

The Master student was inspired by a traditional hat from the Netherlands. The previous 

process of the size and space measurement was used to investigate sampling on the 

model. Therefore, the sketches were drawn on a scale grid, shown in Figure 4-107, 

using the size measurement data from the sketches in the front, side and front side view. 

This model was formed of twelve horizontal layers and eight vertical layers. Each cell 

of this scale grid represented one centimetre in length and width on the physical model. 

Based on the small scale of the physical model, a decision was made to ignore the 

vertical data of the eight grey layers, FR1, FR3, BR3, BR1, BL1, BL3, FL3 and FL1, 

shown in Figure 4-108.  

  
                                                
423 Grizzly (2011). "Interior fitments." http:// www.grizzly.se/forceDownload.php?what=Mall_InteriörFitments.pdf, 
Retrieved 30 May ary, 2012. 
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                  Figure 4-106                                                                            Figure 4-107 

Figure 4-106 The hat sketch of a master student in the design communication. 

Figure 4-107 The front and side views of the scale grid of the hat sketch. 

 
Figure 4-108 Map of the vertical layers. 

Calculating the size measurement data in the Excel program used twelve formulas, 

listed in Table 4-3 below. The size measurement data was then obtained. 
Table 4-3 The calculation data of the hat sketch 

Depth 
Length levels 

Front and 
back central 

Right and left 
side Calculation formula 

Level 12 8 2 =Level 12 
Level 11 8.4 2.5 =Level 12+((Level 12- Level 01)/11)x1 
Level 10 8.7 2.9 =Level 12+((Level 12- Level 01)/11)x2 
Level 09 9.1 3.4 =Level 12+((Level 12- Level 01)/11)x3 
Level 08 9.5 3.8 =Level 12+((Level 12- Level 01)/11)x4 
Level 07 9.8 4.3 =Level 12+((Level 12- Level 01)/11)x5 
Level 06 10.2 4.7 =Level 12+((Level 12- Level 01)/11)x6 
Level 05 10.5 5.2 =Level 12+((Level 12- Level 01)/11)x7 
Level 04 10.9 5.6 =Level 12+((Level 12- Level 01)/11)x8 
Level 03 11.3 6.1 =Level 12+((Level 12- Level 01)/11)x9 
Level 02 11.6 6.5 =Level 12+((Level 12- Level 01)/11)x10 
Level 01 12 7 =Level 01 
Rounding off the first decimal of the calculation data  
 

The pattern-making was drafted on the printed scale grid and scissors were used to cut 

the patterns. Once the horizontal and vertical layers were assembled, the hat model was 

established (shown in Figure 4-109), which did not make the patterns with body 

parameters. 

    

Figure 4-109 Top view, front view, side view and front side view of the hat model. 
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B. Assembling layers with body parameter  

Pinning vertical layers and assembling hipline and other horizontal layers are the two 

major steps involved in assembling pattern pieces. These patterns were drawn based on 

consideration of the data from the body sections.   

 

1. Pinning vertical layers 

To assemble the pinned vertical layers against the mannequin, firstly fold the seam 

allowance of the vertical layers in the same direction (see Figure 4-110-A). Then pin 

the vertical layers following the layer map. The pins should be positioned at least on 

the top and hipline level (see Figure 4-110-B). Normally, two pins are pushed across 

each other into the mannequin, and kept at a distance of 0.5 to 1 cm on the top and 

right side of the cardboard. Figure 4-111 represents a pinned view. 

       
Figure 4-110-A                                               Figure 4-110-B 

Figure 4-110-A: Folded seam allowance of the vertical pattern piece.   

Figure 4-91-B: Pinning on the seam allowance on the top, bottom and hipline of the vertical pieces. 
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Figure 4-111 Pinned pattern pieces against the mannequin. 

 

2. Assembling the hip line horizontal layers and other horizontal layers 

The next step is to gather the hipline of the horizontal layers around the front left, 

front right, back left and back right sides (Figures 4-123-A to 4-123-C). Depending 

on the map, the other horizontal layers are then placed above or below the hipline. 

 

4.1.4.3 A physical model 

The physical model, which was established as a sculpture, provided two visual 

advantages in the design development and communication. Firstly, the initial model 

provides a physical mock-up to prove four design issues: the concept, product, process 

and production. Secondly, the physical model presents the three-dimensional factors of 

the design sketch in a practical way. The depth, width and length are the three-

dimensional factors that assisted concrete understanding, evaluation and communication 

of the design sketch. The model can not only be adopted by fashion design translators, 

but also by fashion designers and fashion design teams, either in developing or 

presenting the design concept. Therefore, creating a mock-up and proving the design 

sketch via a physical sample illustrates the depth, width and length of the design in three 

dimensions, thus improving the quality of the design communication and development. 
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4.1.5 Post-Test: Using the Experimental Results in the Dimensional Transfer from 

two-dimensions to three-dimensions 

In this stage, a standardised and systemised transfer process was used to study two 

issues: to test the standardised and systemised procedure and to define the 

inconsistencies between the results of using the existing methods and the standardised 

and systemised process. The experiments into the calculation and model realisation 

improved the accuracy of the measurements and the efficiency of realising the design, 

and developed the functional tools in series. The process of the post-test, shown below, 

involved three major steps after preparation; these entailed the pre-test building of the 

initial model using the calculation and the model realisation. 

 

Figure 4-112 The process of post-test the sculptural form giving method. 

 

A. Preparation  

The author used the same sketch sources for testing the existing method in the 

dimensional transfer and the post-test to establish the sculptural form-giving method. 

The design research and design sketch of these two tests are shown in Figures 4-4, 

Figure 4-22 and Figure 4-23.  
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B. Generating pattern 

The calculation and model realisation were the two main tasks in the pattern-generating 

stage. 

 

1. Calculation 

The calculation was divided into two parts: space measurement and size 

measurement. 

i. Space measurement 

Space measurement was defined after drawing a 2D skirt shape sketch. The first 

step in the space measurement was to illustrate the design sketch on the sketch 

scale grid, shown in the left image of Figure 4-113. The design details were 

transferred from the sketch scale grid onto the standard garment sheet. Next, the 

grey areas were used to represent the space between the shape and the mannequin. 

Each cell of the scale grid represents 5cm length and 5cm width on the 

mannequin. The space from the standard garment sheets was measured, and the 

space measurement data written down.  

 The sketch scale grid 

 

 The standard garment sheet 
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Figure 4-113 Transferring the design details from the sketch scale grid onto the standard garment sheet.  

 
Figure 4-114 Using the standard garment sheet to measure the Space. 

 

ii. Size measurement by MS Excel program 

The Excel program and the formulas were used to calculate the size measurement 

data. This Excel program was designed with the formulas to calculate the 

variation of the horizontal and vertical layers. Firstly, the space measurement data 

was entered in the blue area of the Excel program, shown in Figure 4-96. 

Secondly, the Excel program calculated the entered data and automatically 

displayed the space data in four tables, shown in Table 4-4. 

 
Figure 4-115 Space measurement data is entered in the Excel program. 

Table 4-4 Size measurement data lists. 
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2. Model realisation 

The pattern-making and layer assembling steps realised the design sketch.  

i. Pattern-making 

The traditional pattern-making techniques were employed to illustrate the layers. 

The first step involved reading the size measurement data lists for pattern-

Drawing vertical layers using the columns data 
Drawing vertical layers using the row data 
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making of the layers. These tables were matched with the corresponding colours 

in the map, shown in Figure 4-81.  The red part of Figure 4-116, for example, 

shows the data in Table B of Table 4-4. The second step was to draw horizontal 

layers according to the data in the size measurement list rows. The third step was 

to use the column data from the size measurement lists to draw vertical layers. 

Figure 4-117 represents simulated images, when viewing the front view at a 

22.5° angle, after assembling the horizontal and vertical layers. The fourth step 

was the cutting of the pattern pieces.  

 

• Horizontal layers 

Figure 4-116 reveals that using the hipline data from the size measurement 

illustrated the horizontal pattern at the hip level. Figure 4-117 shows the front view 

with a 22.5° angle of assembling simulation of the horizontal layers. 

       
Figure 4-116                                                Figure 4-117 

Figure 4-116 A pattern-making example of the horizontal layers at the hip level by size measurement.  

Figure 4-117 Front view with a 22.5° angle of assembling simulation of the horizontal layers. 

 

• Vertical layers 

The four side layers of the vertical layers in the post-test are illustrated in Figures 4-

118 to 4-121. Figure 4-122 presents the front simulation view of assembling half 

vertical layers. 
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Figure 4-118 Vertical layers of back right block. 

 
Figure 4-119 Vertical layers of back left block. 

 
Figure 4-120 Vertical layers of front left block. 

 
Figure 4-121 Vertical layers of front right block. 
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Figure 4-122 Front simulation view of assembling half vertical layers. 

 

ii. Assembling pattern pieces 

The layers were assembled by following three steps. In the first assembling 

step, vertical layers were pinned against the mannequin. The hipline of the 

horizontal layers were then gathered around the front left, front right, back left 

and back right sides (Figure 4-123-A). Finally, as shown in the following 

Figures 4-123-B and 4-123-C, the other horizontal layers were placed above 

and below the hipline. 

 
Figure 4-123-A             Figure 4-123-B               Figure 4-123-C 

Figure 4-123 The process of vertical and horizontal layer assembling. 

 

C. A sculptural form giving model 

The heart shape of the sculptural form giving model was captured in the four views in 

Figure 4-124. Draping techniques were employed on this sculptural model to evidence 
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the further capability of the model in Figure 4-125. The patterns were then traced on the 

pattern-making papers, which gave the pattern of the skirt sample. The sixteen pieces of 

the draped sample are shown in Figure 4-126. After pattern-cutting and sewing, a 

sample of the heart-shaped skirt was formed (Figure 4-127). 

 
Figure 4-124 Four views of a sculptural form giving model. 

 
Figure 4-125 Four views of heart-shaped skirt draping. 

 
Figure 4-126 The pattern pieces of heart-shaped skirt. 

 
Figure 4-127 Four views of heart-shaped skirt with filler. 
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D. Evaluations of the pre-test and the post-test  

The tests of the existing methods and the post-test both employed the same procedures, 

which were the preparation, model realisation and physical sample steps, in order to 

build an initial physical model from the design sketch. These two tests established the 

initial samples by using the same design sources and the clothing techniques. However, 

the physical models from the existing methods and the post-test were an inconsistent 

representation of the design sketch. The following sections evaluate the procedure, the 

shape and the pattern of the model from the existing methods and the post-test in three 

parts: the preparation, model realisation and physical sample.  

 

1. Preparation 

The same images of the design research and the design sketch, shown in Figures 4-

4, Figure 4-22 and Figure 4-24, were used in the preparation stage of the two tests. 

Using the same preparation sources in the two tests helped clarify the differences 

between the procedures in the pattern-generation steps.  

 

2. Generating pattern 

These two tests had three similar issues: the calculation, model realisation and 

clothing techniques, but the details of the use of these techniques were different. The 

varying accuracy of the measurements in the tests affected the performance of the 

samples. 

 

i. Calculation 

The calculation steps for the two tests were both formed by the space and size 

measurements. The existing methods test utilised the design analysis of fashion 

design to obtain the space measurement data which was less accurate than that of 

the post-test. The existing methods matched the silhouette and the proportion of 

the references from the related styles. The post-test utilised two tools in the 

measurements: the sketch scale grid and the standard garment sheet, which 

provided high accuracy in measuring the space of the sketch. Next, the test of the 

existing methods utilised the variation of the related references and the space 

measurement data to illustrate the size measurement data. Nevertheless, the post-

test calculated the size measurement data by using the calculation formula and the 

Excel program to count the space measurement data. The time used to calculate 
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the size measurement data of the post-test was ten times shorter than that used 

with existing methods. The data was clearly displayed in the sheets that were 

calculated by the Excel program. 

 

ii. Model realisation 

The two tests employed the traditional pattern-making, pattern cutting and sewing 

techniques in the model realisation, but the details of how the techniques were 

used were different. The two test models were both constructed using the same 

pattern techniques and the same skirt sample layers, which were the outside and 

inside layers. These two test samples both had sixteen slashes on the outside layer. 

Nevertheless, the processes used to form the outside layers of the two tests and the 

models were different. The pre-test used traditional pattern-making directly to 

generate the pattern of the outside layer after matching the style and gaining the 

variation information of the references. After the pattern drafting, sewing was 

then used to construct the pattern pieces to form an existing method sample. The 

post-test utilised traditional pattern-making to draft the layers and to establish the 

sculptural form giving model, and then after draping and tracing the draped 

patterns obtained the patterns for the outside layer. These patterns were then 

assembled by sewing, and a sculptural form-giving model was built. Therefore, 

the differences in the measurements and the process of generating the pattern in 

the tests were responsible for constructing the silhouette, proportion and surface 

pattern of the models differently.  

 

3. Physical sample 

The post-test model represented the design concepts on the model more accurately than 

the existing methods model, due to the measurements and the model realisation. The 

model for testing the existing method carried the design concepts with less accuracy in 

the silhouette, proportion and surface patterns. These results were evaluated in the two 

test models after capturing the four views of the models and comparing the data 

between the samples and the design sketch.  

 

The silhouette, proportion and smoothness of the sample surface were compared. 

Firstly, the model shape of the post-test was matched with the design sketch better than 

that of the existing methods. Secondly, in comparison to the model and the design 
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sketch, the proportion and volume of the existing methods model represented the design 

sketch poorly, which showed serious distortion, especially in the side views shown in 

Figure 4-29. Thirdly, the outside and inside layer of the pre-test model did not have the 

same length as each other. This revealed a problem in the calculation step of the existing 

methods test. Conversely, the layers of the post-test model were the same length and the 

calculations showed that they were a match, which indicated that the measurement 

methods worked well. Next, the surface of the post-test model was smoother than that 

of the existing methods. Therefore, the model of the existing methods demonstrated that 

the design concepts of the physical sample in the silhouette, proportion and surface 

patterns had lower accuracy compared with those of the post-test.  

 

4.1.6 The Conclusion of the Experiments 

The major contribution of the experiments was to standardise and to systemise the scale 

grid as a functional tool in series between the design sketch and the mannequin. The 

scale grid helps to prepare the design sketch, calculate the silhouette and proportion 

mathematically and then physically realise the design on the initial model. The function 

tool of the scale grid was developed in series from three parts: preparation, pattern-

generation and physical model. 

 

A. Testing preparation 

The three experiment results were taken in the preparation that studies the measurability 

of the design sketch volume. After defining the 2D and 3D factors of the design sketch 

and obtaining the body sections and the surface data of the Size UK mannequin from 

the manual measurements, the three experiments, which were the flat patterns, physical 

samples and four view images of the five skirt collections, were studied. The results 

from these experiments demonstrated that the volume of the design sketch was 

measurable. They also showed that the patterns and the slashes affected the shapes, and 

that employing more slashes made the shape smoother. These results reveal that it is 

possible to realise and investigate pattern generation in this way.    

 

B. Testing pattern-generation 

The calculation and the model realisation were used to generate the patterns. 

1. Calculation 
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The results of the four experiments on the space and size measurements formed the 

conclusions to the calculation. The space measurement used the sketch scale grid 

and the standard garment sheet as tools and was designed with a scale grid in series, 

which showed five centimetres length and width of the mannequin. The role of the 

scale grid in the space and size measurements was a series tool to link the 

calculation between the design sketch and the stand; it standardised the 

measurements in the calculation system. Next, in the size measurement, another two 

tools were developed, which were a map of the horizontal and vertical layers and the 

Excel program, to assist the calculation and the ease of understanding.  The map 

defined the space around the mannequin and the Excel program simplified the 

calculation and prepared the data to be read. Consequently, the scale grid played a 

role in series from the flat sketch to prepare the size measurement data for next step. 

The role of the Excel program was then to calculate the size measurement data and 

to list the data in the data sets. 

 

2. Model realisation 

The pattern-making and layer assembling of the model realisation produced five 

results. These were to use the traditional pattern-making and the prototypes to draw 

the patterns, to employ the interior fitment to construct the layers, to demonstrate the 

two-layer design providing support to the shape and to slash the shape into more 

seams, adding extra strength to the shape. In the pattern-making stage, the 

traditional pattern-making techniques were used to illustrate the patterns by 

adopting a set of the prototypes, which had ten horizontal layers and one vertical 

layer. Using these prototypes saved time in drawing patterns. In layer assembling, 

the FEFCO code 0933 of the interior fitment was employed to construct the 

horizontal and vertical layers. The experiments on the two-layer skirt revealed better 

support to the outside layer than those on the one layer skirt. Moreover, the structure 

of the sample, which slashed the pattern into 36 and 72 pieces, revealed that adding 

more seams onto the skirt provided the strength to maintain the shape of the skirt.  

 

C. Physical model 

The evaluations of the physical models were divided into two parts: the modelling 

procedure and the three-dimensional factors of the model. 
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1. The modelling procedure 

In the experiments, the same procedure was adopted on the construction of the two 

models, which were the model without body parameters and the one with body 

parameters. The major differences between these two models were the details of the 

calculations and the model realisation. The hat model in Figure 4-109, which was 

the physical sample without body parameters, calculated the size and space of the 

design sketch without including that of the body data. However, the model with 

body parameters in Figure 4-124, which was the sculptural form-giving model, was 

established by drawing the patterns taking into consideration the size and space of 

the design sketch and the variation of the body. The method of layer assembling 

therefore revealed that the assembling method could be adopted for the model either 

with or without body parameters. It provided a broad range in building the models.    

 

2. Three-dimensional factors of the model 

According to the differences in the silhouette and the proportion of the existing 

methods model and the post-test model, the evaluation of the results showed that the 

post-test model in Figure 4-124 matched the design sketch better than that of the 

existing methods model due to the high accuracy of the calculation and the model 

realisation. In contrast, based on the lower accuracy of the calculation and the model 

realisation in the transfer process of the existing methods, the model presented 

distorted three-dimensional factors of the design sketch, shown in Figure 4-29.  

 

The scale grid in series in these experiments linked the modelling process between the 

design sketch and the physical model. The scale grid in the sculptural form-giving 

method worked as a functional tool that not only standardised the measurements, but 

also systemised the steps of establishing the three-dimensional factors on the physical 

model from the design drawing. The three-dimensional factors of the physical model 

illustrated the mock-up function as a proof to present the flat sketch concretely for the 

design communication and the design development. 

 



 158 

4.2 Synthesis and Development of Own Method: The Sculptural Form 

Giving Method 

A new method, known as the sculptural form giving method, was developed and 

synthesised from the experimental results. As shown in Figure 4-128, the procedure of 

this method was divided into three parts: the preparation, the generating pattern, and the 

sculptural form giving mode. 

 
Figure 4-128 The process of the sculptural form giving method. 

 

4.2.1 Preparation 

After establishing the sketch limitations, the skirt shape is formed by following the 

sketch limitations of length, width and depth shown in Figure 4-30. The width of the 

sketch in the front and left side view is limited three times by hip width, and the depth 

limited four times by hip depth. The length up to the knee in both views is the length 

limitation.  
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4.2.2 Generating the Pattern 

The two major parts of the pattern generation are the calculation and the model 

realisation.  

A. The calculation step 

The space measurement data is taken from the sketch outline by the stroke and read 

horizontally from the standard garment sheet. The first step is to draw the sketch shape 

on the sketch scale grid, shown in Figure 4-75. The design details are then transferred 

onto the standard garment sheet from the sketch scale grid. In the process of transferring 

the design details, after drawing the points on the intersection of the shape and 

horizontal levels on the sketch scale grid, the points from the sketch scale grid are again 

drawn up on the standard garment sheet. After linking the points, the transfer process 

completes re-drawing the shape on the standard garment sheet. Figures 4-76 to 4-79 

illustrate the transfer process practically.  

 

1. Space measurement 

The second step is to measure the space of the sketch from the standard garment 

sheet. There are two methods used to ascertain the volume of space, which are the 

levels above and below the hip level. The degrees of the levels, which include the 

hip level and the levels above the hip, are measured from the stand edge to the 

sketch silhouette. Measurements of the variations of the levels, which are below the 

hip level, are taken from the broken lines to the sketch silhouette. Next, the level 

cells are counted by hand, which represent a five-centimetre scale of the mannequin. 

The calculation results are written down on the standard garment sheet, shown in 

Figure 4-80, after the space measurement data has been obtained. All of the space 

measurement data is completed, being sure to enter ‘0’ when there is no space. The 

space measurement steps are then complete.  

 

2. Size measurement 

The third step is preparing the space measurement data for the pattern-making stage. 

After opening and saving the file as a new copy, the space measurement data is 

entered in the blue area of the Excel program. The rest of the calculation is done 

automatically, and the results are shown in the size measurement data tables. Firstly, 

the space measurement data from the standard garment in the cells of the front 
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central (B9-B21), back central (C9-C21), right side (D9-D21) and left side (E9-E21) 

are entered, as shown in Figures 4-129-A and 4-129-B. 

     
Figure 4-129-A                                                           Figure 4-129-B 

Figure 4-129-A Entering the first waistline data in the B9 cell from the left side view of the standard garment 
sheet.         Figure 4-110-B After entering the space measurement data. 

Secondly, the update file is saved and the data sheets printed. These sheets are going to 

used to generate the patterns of the sculptural form-giving model. 

 

B. The model realisation step 

In the model realisation stage, the two major steps are generating the pattern and 

assembling the layers. After completing the drawings of the layers, the layers are then 

constructed to form the sculptural form-giving model. 

 

1. Generating the pattern 

In the pattern generation stage, the pattern-making method of the sculptural form-

giving is to use the techniques of the traditional pattern-making in drawing the body 

section. The method of pattern-making is to adopt the size measurement data and 

the drawing techniques to draw the layers by the horizontal and vertical prototypes. 

Firstly, understanding the details and the relationships between the prototypes and 

the layers, illustrated in Figures 4-90 and 4-91, helps to employ the prototypes in 

making the patterns. The marks of the prototypes are made by a laser-cutting 
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machine, which presents the map details such as seam abbreviations and directions. 

Secondly the horizontal layer is created using the seven steps described below:  

Step 1: After placing the horizontal prototype shape on a piece of cardboard, mark the 

cardboard as shown in the prototype (see Figure 4-87). Mark and label the 

cardboard as per the prototype, i.e. two seam allowances, prototype shape, five 

broken lines and the abbreviation of the layers. Then remove the prototype from 

the cardboard. 

Step 2: This step is to be carried out on the copied shape. Take the front right HL layer 

of the size measurement data, as per the examples in Figures 4-92 to 4-99. First 

draw points A, B, C, D, E, P and Q on the curved line on the shape. Secondly, 

measure the distance as indicated in Figure 4-92 (i.e. front central 17 cm) from 

point A and then label it to point F on the dotted line. Similarly, draw points F, 

G, H, I and J (see Figure 4-93) on the pattern using the size measurement data 

(see Figure 4-92). Thirdly, mark points R and S as = and = .  

Step 3: Draw the central point’s K, L, M, N and O on the lines , ,

€ 

CH  ,  and 

 (see Figure 4-94). 

Step 4: Draw a 2 cm perpendicular line on the left side of point F and the right side of 

point J (see Figure 4-95). Then draw another 2cm perpendicular line on the left 

and right side of points G, H and I. 

Step 5: Link the perpendicular lines between the points F, G, H, I and J using an 

armhole ruler and redraw a smooth line as shown in Figure 4-96. The seam 

allowance points  and  are joined and make a straight line. 

Step 6: Cutting the cardboard from the  line. 

Step 7: Now, cut 0.5cm on the , , ,  and  lines, before cutting and 

labelling each layer of the horizontal layer. A practical view demonstrating 

cutting the pattern from a pattern-making paper is shown in Figure 4-99. 

 

Thirdly, a vertical layer is generated by following the six steps described below: 

Step 1: First, place the vertical prototype shape on a cardboard, and then mark the 

cardboard as shown in the prototype, illustrated in Figure 4-88. Mark and label 

the cardboard as demonstrated in the prototype, i.e. one seam allowance, 

prototype shape, thirteen broken lines and the abbreviation of the levels. Then 

take the prototype away from the cardboard. 

! 

AF

! 

PR

! 

EJ

! 

QS

! 

AF

! 

AF

! 

BL

! 

CL

! 

DN

! 

EO
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Step 2: This step is to be carried out on the copied shape. An example is given of the 

front central vertical layers of the size measurement data in Figures 4-100 to 4-

104. First, draw points A, B, C, D, E, F, G, H, I, J K, L and M on the left curved 

line on the shape. Secondly, measure the distance as shown in Figure 4-100 (i.e. 

WL level 7.5 cm) from point A and then label it to point N on the dotted line. 

Similarly draw points O, P, Q, R, S, T, U, V, W and X on the pattern using the 

size measurement data. 

Step 3: Draw the central point’s 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 on the lines , , 

, , , , , ,   and  (see Figure 4-101). 

Step 4: Link the lines between the points N, O, P, Q, R, S, T, U, V, W, X and L using 

an armhole ruler and redraw a smooth line as shown in Figure 4-102. Lines 

and  are joined and make a straight line. If the data of the level is ‘0’, such as 

the data at the level of HL↓7 and HL↓8, link points X and L. 

Step 5: Cutting the cardboard from the  line. Then cut 0.5cm more on the lines ,

, , , , , , , ,  and . 

Step 6: After labelling each layer of the horizontal layer, the horizontal layers are 

complete. 

 

2. Layer assembling 

Pinning vertical layers and assembling horizontal layers are the two major steps in 

assembling pattern pieces. To assemble the pinned vertical layers against the 

mannequin, first fold the seam allowance of the vertical layers in the same direction 

(see Figure 4-110-A). Then pin the vertical layers following the layer map. These 

pins should be positioned at least on the top and at hipline level (see Figure 4-110-

B). Normally, two pins as a group are pushed into the mannequin to cross each other 

and kept at a distance of 0.5 to 1 cm on the top and right side of the cardboard. 

Figure 4-111 represents a pinned view. The next step is to gather the hipline of the 

horizontal layers around the front left, front right, back left and back right sides 

(Figures 4-123-A to 4-123-C). Then place the other horizontal layers above or 

below the hipline according to the map. 

     

! 

HU

! 

KX
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4.2.3 The Sculptural Form Giving Model 

The silhouette and the proportion of the sculptural form-giving model reveal the depth, 

width and length of the physical design sketch. The mock-up model concretely proves 

and illustrates the depth, width and length of the design sketch in three dimensions. This 

physical sample helps clarify and represent the design concept of the sketch visually in 

the design development and design communication. 

 

The sculptural form-giving method provides a mathematical approach with which to 

measure and realise the flat design sketch on the physical model. This innovative 

method clarifies the ambiguity of the pattern-generation of the existing methods, 

making the volume of the design sketch measurable and realisable. This method 

standardises and systemises the steps of the dimensional transfer from two-dimensions 

to three-dimensions, and develops tools for the measurements and the model realisation. 

Using the measurement data, clothing techniques and tools, the layers can then be 

drawn and a physical sample established. Therefore, the sculptural form-giving model 

reveals that the depth, girth and width factors of the model enable greater accuracy in 

physically representing the design sketch than existing method. This chapter only shows 

the results generated by the author when this method was adopted, but not those 

generated by other users. The next chapter will describe the holding of a sculptural 

form-giving workshop to test and evaluate the capability and understanding of the 

method by the students. The workshop results will help to align, refine and further 

develop the method. 
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Chapter 5.   Observation and Testing of the ‘Sculptural Form 

Giving’ Method 

There were six main sections in this chapter, which were workshop pre-tests, workshop 

process, analysis of data, the workshop conclusion and aligning, refining and 

redevelopment of the sculptural form giving method. This research redeveloped the 

sculptural form giving method and provided the recommendation of using the method 

from the observation and the testing of the method in the workshop and interview 

experts. The research employed hands on teaching and learning process and mixed 

methods in the studio-based workshop that collected the feedback and evaluation from 

students. Then, after analysing the workshop data statistically, interviewing clothing 

professionals justified and evaluated the main problems of the method to align, to refine 

and to redevelop the method. Next, the redeveloped method and the recommendation of 

using the method were made. 

 

5.1 Workshop pre-tests 

The aims of holding two workshop pre-tests were to understand three major tasks by 

higher education users: 

• Understanding the relationship between the sketch and the model. 

• Considering the users’ understanding of the method.  

• Qualitative alignment of the method.  

Two weeks before the workshop, this research had held two pre-tests to evaluate the 

method and the workshop process. The pre-testers, who came from a PhD in chemistry 

and a Masters degree in textile design background. Both were university students 

without any fashion design or pattern-making experience.  

 

The objectives of the pre-tests were to give individual tutorials to the pre-testers, for 

them to investigate the five major parts: preparation, calculation, model realisation, 

evaluation and feedback and alignment. The first four parts followed the tasks of the 

workshop identically. The alignment stage corrected aspects based on the evaluation 

and feedback.   
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5.1.1 Two Pre-tests 

One of the pre-test, who was a PhD student, was held during a ten-hour tutorial on the 

14th of October 2010 in the university design studio. Due to the busy schedule of the 

pre-tester, she attended some of the pre-test steps including preparation, calculation, 

evaluation and feedback. Therefore, the author made the realisation step.  

 

The other pre-tester, which was a Master student, was held during an eight hours 

tutorial on 18th of October 2010 in the university sewing workshop. Two days before the 

pre-test of Master student, the author sent a preparation handout to the pre-tester, which 

aligned from the first pre-test to illustrate a figure for the sketch limitations, clearly. 

Then, she attended the pre-test with a sketch, within the drawing limitations. The pre-

test, which participated by the Master student, was made an imitation of the workshop 

accurately. 

 

5.1.2 The sketch and calculation 

The PhD student had no design experience, so the author spent an hour on the 

preparation and calculation steps in the beginning of the tutorial. She drew the draft and 

the front view sketch well, but had difficulty in illustrating the side view sketch. She 

indicated that she had never thought about the width and the depth as the key elements 

to build the model. Due to her education background, she was able to redraw the sketch 

on the standard grid and calculate the space and size measurements. 
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Figure 5-1 The sketches of the first testing. 

       
Figure 5-2                                                                           Figure 5-3 

Figure 5-2 The sketch on the standard grid in the pre-test one.      Figure 5-3 The pre-tester one working on the   
calculation steps. 

The Master student has been in studies for eight years, in textile design, but had never 

learned pattern-making before. The author spent thirty minutes on the preparation and 

calculation steps, at the beginning of the tutorial. She worked well on the transferring of 

the sketch and calculating the space and the size measurements. She also pointed out, to 

the author, simplifications that could be achieved in the transferring and calculating 

steps.  
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                          Figure 5-4                                                                                Figure 5-5 

Figure 5-4 The sketches of the pre-test two.   Figure 5-5 The sketch on the standard grid in the pre-test two. 

 

5.1.3 The sculptural form giving model 

The research could not evaluate the understanding of the realisation step from the pre-

test of PhD student, because the author had taken the realisation stage. 

 
Figure 5-6 The sculptural model of the pre-test one. 

The author worked with the Master student on the model realisation step. The teaching 

quality during the tutorial by the author was considered good, when looking at 

understanding, drawing and assembling the model. 

 
Figure 5-7 The sculptural model of the pre-test two. 

 



 169 

5.1.4 The pre-tests of evaluation and feedback 

The research used the evaluations of the two users to align the method and the 

workshop process. The science student had qualitative comments on simplification in 

the preparation and the calculation stages more than the design student. The design 

student focused on grading the workshop procedure and using this method in design. 

These two pre-testers illustrated that the model represented the sketch positively and 

helped to develop the design concepts. The pre-testers indicated the teaching quality for 

the tutorials and the comprehension of the method were fully understandable. 

 

The research used the questionnaire and interview from the pre-testers to qualify the 

method, but the science pre-tester missed the realisation step, so she did not answer the 

related questions. They both gave positive scales on the questions, but the science pre-

tester disagreed that the model matches the sketch, because she indicated that the shape 

of the sketch was a sharper geometric shape. In the interviews, the science student had 

commented on the workshop time, which needs reduced. But she could not suggest a 

time, due to lack of design experience. She raised two issues: the model and the 

preparation stage, which are listed below: 

• The model did not match the sketch perfectly, because the shape did not match 

her imaginative idea.  

• She felt less confident in drawing the side view sketch. 

In the interview of the design student, the interviewee commented on two issues, 

described below:  

• Simplifying the redrawing and calculating steps of the workshop procedure. 

• Using this method in design. 

The tutorial allowed a better understanding of the model realisation step than the 

handouts. The design student illustrated many possibilities to apply the method for other 

designs such as furniture design and fashion accessory design (Figure 5-8). Using the 

method in furniture design, pointed to a sharing of the same ideas to build the sculptural 

models, which do not employ any body parameter.  Utilising the other body parameters 

for the method will be discuss in the research limitation in Chapter 6. 
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Left                                                    Right 

Figure 5-8 Appling the method in furniture design (left) and garment design (right). 

 

5.1.5 Aligning the workshop process by obtaining qualitative feedback from the Pre-

testers 

The research addressed an alignment in the workshop procedure, which was making the 

modification of the design scheme on the sketch. The problem of the pre-tests was the 

ambiguous design scheme on the sketch, which affected the advising the designer that 

matching of model sketch. There were two ways to overcome the problem. Firstly, 

before the realising the model, the designers need to describe the sketch shape clearly. 

Secondly, after assembling the model, adjusting the shape as closer with the design 

concept.  

 

5.2  Workshop outline 

Four main considerations were instrumentals in choosing the aims and objectives, 

background, schedule and route details of the workshop trial: The research chose 

fashion design and fashion technology students not only offering the accessibility of the 

sculpture form giving method, but also collected the variety data from two groups such 

as the understanding, the growing and variation and the idea module. Thought peer 

learning, the research could observe and gain more data rather than investigated on one 

group.  
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5.2.1 Aims and objectives 

The aim of holding the workshop was to gain further understanding of the relationship 

between the 2D sketch and the physical model. The students have a fashion design and 

technology background; due to the difference in discipline, the aim is to judge the 

capability of the sculptural form giving method.  

 

The objectives of the workshop were to investigate three major parts: preparation, 

generating pattern, evaluation and feedback. Preparation was to form design concept 

and drawing the design concept on the sketch scale grid. Generating pattern was divided 

into two parts, which were calculation and model realisation. In calculation, variation 

between the draw model layer on standard garments sheet and sketch (sketch shape) is 

calculated. The model realisation deals pattern with making, cutting and assembling. 

The third objective from the workshop was to evaluate and give feedback on the bases 

of fashion designers’ and design translators’ experiences of students. The detail of 

objectives will be discussed in the next section. 

 

5.2.2 Background 

The workshop process was made from drawing the design sketch to establishing a 

physical model, because regarded about the workshop time. Based on the aim of the 

workshop, the workshop steps provided great data to study. Therefore, the workshop did 

not take the steps of draping and sewing the pattern pieces after completed a sculptural 

form giving model. In the coming section, students, times, date, material, budget and 

schedule were illustrated about the workshop background. 

 

5.2.2.1 Students  

78 students were divided into twenty-six groups. Each group comprised of 3 students 

working on one sculptural model. These students had basic experience of drawing 

design sketches, pattern-making and draping. Collecting additional feedback from the 

students helped to understand the research problem and to draw a recommendation of 

adopting the method. 



 172 

5.2.2.2 Time 

The workshops lasted for 7 hours. For the first 3 hours, students were divided into 3 

sessions. Each session had 8 to 10 groups working on calculation. Students worked for 

the next three and half hours for realisation and half an hour on evaluation and 

feedback. 

 

5.2.2.3 Date 

The workshop was held for 3 hours, on the 2nd of November 2010 and students worked 

on calculation only in CAD room. For the second week of workshops, students worked 

on realization for 4 hours, in the sewing labs, at Heriot-Watt University Scottish 

Borders Campus, on the 9th November 2010.    

 

5.2.2.4 Material  

The details of the workshop budget was £267.40 and shown in appendix I. The three 

major materials in the workshop are listed below: 

• Calculation: Computer (MS Excel 2007), Calculator, pencil, rubber and ruler. 

• Drawing and assembling layers: pin, ruler, armhole curve ruler, scissors for 

cutting paper and pattern making cardboard. The workshop used two types of 

cards: thick card and buff card. The thick card was 270 grams per square meter, 

which was pink and yellow in colour. The buff card was 154 grams per square 

meter. 

• 4 handouts per group. The handout has the workshop schedule and process, a 

step by step check list, the standard of specific mannequin sheets for front, back, 

left and right side views, drawing and assembling layer instructions and the laser 

cutting prototype cardboards of straight, front and back layers. 

 

5.2.3 Schedule 

The workshop schedule and brief process is shown in Figure 5-9.  
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Figure 5-9 The workshop schedule and brief process. 

 

5.3 Workshop process 

There are four main steps to be looked at during the workshop: preparation, calculation, 

model realisation and feedback. One week before the workshop, Mrs Fiona Waldron, 

the lecturer for this class, sent the workshop group the list and three handout (appendix 

A, B, and C) in PDF files to the students’ web mails. It helped the students to preview 

the workshop with an overview and details. The detail of steps will be discussed in the 

next section.  

 

 

Week 8:  
Calculations, 3 hours. 

Week 9:  
Model realisation, 3 hour 20 minutes. 

Week 9:  
Evaluation and feedback, 40 minutes. 

Week 7:  
Introduction for preparation, 15 minutes. 
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Figure 5-10 Sculptural form giving workshop process. 

 

5.3.1 Workshop preparation 

The two main tasks during the preparation stage were providing a presentation to the 

students and having them prepare a sketch for the day one workshop. Each group 

received a preparation handout (appendix A), which described terms, definitions, 

equipment, materials and the workshop overview details. 

Layers assembling 

A sculptural form model 
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Group interview 
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Space measurement 

Size measurement 

Pattern-making data 
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Pattern cutting 
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Model realisation 
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Week 9: Evaluation 
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Calculation by Excel 

Drawing the sketch on 
standard garment sheet 

Transferring the sketch on 
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Space measurement from 
standard sheet 
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data in Excel 2007 
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Three limitations  Week 7:  
Preparation 
15 minutes 
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In the workshop introduction, the author gave a fifteen minute brief with slides and an 

introduction to the students, which included the workshop schedule, process, three-

dimensional design concepts and a sketch limitation brief. On preparing for calculation, 

each group was asked to draw a skirt shape sketch with front view and side view on a 

scale grid and brought it to the next workshop. The limitations of the front and left side 

view sketch were width, length and depth (see appendix A Figure 7). The width was 

limited to 3 times the hip width. The depth limitation was 4 times the hip depth. The 

length limitation by both views was length up to the knee. The proportional scale on the 

sketch was ten centimetres on the model and one centimetre on the sketch. The students 

were to draw the sketch shape on the sketch scale grid using the thick pen to draw the 

outline (see appendix A Figure 8). The research uses the step to draw the design sketch 

on the sketch scale to reduce the time of preparation stage. 

 

5.3.2 Workshop calculation 

Space measurement and size measurement are the two main factors in the calculation 

step. The author divided 26 groups into three sessions of fifty minutes. In a session, the 

author spent the first 10 minutes to explain three parts of space measurement and then 

students had 10 minutes to work on this. Space measurement steps are illustrated below: 

• The first part of space measurement introduced a standard garment sheet (see 

appendix B Figure 1) and the idea of measuring the sketch space from the 

standard garment sheet to the students (see appendix B Figure 3).  

• Redrawing the sketch shape on a standard garment sheet from the scale grid is 

the second part of space measurement (see appendix B Figure 6).  

• The third part is measuring the space measurement and writing down the data on 

the sheet (see appendix B Figure 7 and Figure 8). The students were instructed 

‘do not leave empty data in the space measurement’; in the case when there is no 

space data then enter ‘0’.  

During the next thirty minutes, the author taught students size measurement following 

the five steps (see Figure 5-11): introduction to excel, using excel, renaming the header, 

entering data and submitting data. Before finishing this session, the author reminded the 

students to bring the pattern-making tools to attend the day two workshop. 
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Figure 5-11 The steps of using the Excel program. 

 

5.3.3 Workshop model realisation 

Pattern-making and layer assembling are the two main factors in model realisation. The 

size measurement data is used to draw and assemble the pattern pieces in the model 

realization. The steps of pattern-making are shown below: 

The first step in pattern-making is dividing the results into three parts for each member 

of the group, such as front and back horizontal layer and vertical layer, for drawing the 

pattern-making (see appendix C Figure 1). 

• First member: back horizontal layer and hold a copy of size measurement data 

page 1. 

• Second member: front horizontal layer and hold a copy of size measurement 

data page 2. 

• Third member: vertical layer and hold a copy of size measurement data page 1 

and 2. 

The second step in pattern-making is reading the size measurement data for pattern-

making (see appendix C Figure 1 and Figure 2).  

• Drawing horizontal and vertical layers are the third pattern-making step. 

Moreover, using the advantages of the prototypes can save the drawing time for 

making the pattern pieces. The prototypes in appendix C Figure 19 to Figure 

Step 1: Open Excel new file 

Step 2: Rename header 

Step 3: Entering data 

 

Introduction to Excel 

Step 4: Submitting updated data   
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9.4-20 represent the basic information required for drawing the horizontal front, 

horizontal back and vertical layer, such as shapes and broken lines.  

• Pattern cutting in vertical layers are cut from edge points to central points on 

horizontal seams (see appendix C Figure 34). But horizontal layers are cut from 

points on the body stand to central points on the vertical seams (see appendix C 

Figure 28).  

There are three steps in assembling pattern pieces: pinning vertical layers against the 

mannequin (see appendix C Figure 38), and assembling hip line horizontal layers and 

other horizontal layers (see appendix C Figure 39A~C). Each group built a sculptural 

form giving model when they completed the model realisation stage. The research 

utilised the method of capture the sculptural model according to Gazzuolo et al.’s 

(1992:163-164)424 that showed the anterior, lateral and posterior views. 

 

5.3.4 Workshop feedback 

The evaluation procedure was divided into two parts, which were a questionnaire data 

set and a group interview, to collect feedback and evaluation from the participants. The 

questionnaire form gathered the specific evaluation of statistical data, while the group 

interview collected further comments by verbal communication from the students. As 

the students belong to diverse design disciplines, their understanding of the workshop, 

about the relationship between the 2D sketch and model may be different. The purpose 

of the evaluation procedure is to understand the reliability of the method by the students 

of different backgrounds. 

                                                
424 Gazzuolo, E. et al. (1992). "Predicting garment pattern dimensions from photographic and anthropometric data." 

Applied ergonomics 23(3): 161-171. 
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Figure 5-12 The workshop feedback collecting process. 

 

5.3.4.1 Workshop Questionnaire 

The objective of the questionnaire is to collect feedback by evaluating the experiences 

of students as fashion designers and technologists. These evaluations are important 

sources to improve and adjust the two-dimensional sketch to the three-dimensional 

sculptural model transferring process. This research followed the ‘Likert’ scales to 

construct this questionnaire (see appendix D) in the workshop attitude scaling. 

Oppenheim (1996:195)425 illustrated that the Likert procedure is a popular scaling 

procedure, which regards using the same scale to measure items. The questionnaire data 

analysis is taken up in the next section. 

 

5.3.4.2 Workshop Group Interview 

Two group interviews were carried out to collect students’ additional feedback 

anonymously, which had not been included in the questionnaire. The first group 

interview was held during the last of 15 minutes of the workshop. The second interview 

                                                
425  Oppenheim, A. N. (1996). Questionnaire Design, Interviewing and Attitude Measurement. London, Pinter 

Publishers Ltd. 

Students answering the questionnaire 

Week 9: 
Evaluation and 
feedback 

40 minutes 

Giving short instructions on the questionnaire 

Pass the questionnaire to each student 

Collecting questionnaires 

Divided groups into two sections of interview 

Group interview 
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was arranged at 1pm on the 24th November 2010 after the workshop, but no students 

attended because of the bad weather conditions. 

 

In the first group interview, the six selected groups of students presented their feedback 

verbally by open-ended questions. This group interview was documented by video and 

then transcribed to a question and answer list. The sketch of group 4, 14, 15, 16, 23, 25, 

and 26 were selected for the following reasons, when the asymmetrical design, in the 

part of front, back, left and right side was executed, the students had difficulties in 

drawing the sketch. Group 14 and group 15 drew an asymmetrical design (see appendix 

E Figures of group 14 and 15). Group 16, 23 and 25 designed the sketch asymmetrically 

on sides three of four. Group 23 had difficulty in drawing a side view on the preparation 

stage (see appendix E Figures of group 16, 23 and 25). Group 4 and 26 illustrated the 

asymmetrical sketch on two of four sides. Group 26 illustrated a four-dimensional 

sketch, which is a space in the shape (see appendix E Figures of group 4 and 26). 

 

A. Questions from the ‘Workshop Group Interview” 

Evaluation on the method and the workshop were the two major directions in the group 

interview. With the method evaluation, there were three questions to evaluate the 

method reliability and to interpret the model. These three questions, which are listed 

below, concerned the key problems, key advantages and key design issue with this 

method. 

• What are the problems and disadvantages of this method? 

• Can you see any advantage of the method? 

• Can you give ideas on how to use this method in design? 

The other two questions were investigations on the evaluation of the workshop steps 

including preparation, calculation and model realisation. These two questions, listed 

below, were asking the selected students’ ideas of using different materials for building 

the model and suggestions for better design methods to present the sketch. 

• Is there any better material for building the model? 

• Is there a better design method to present your sketch? 
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5.4 Data analysis 

The author collected three major sets of data (see appendix D and E), which were the 

sketches, the sculptural form giving models and the questionnaire data, from the 

workshop. The sketches were conducted by a shape and sketch scheme. The data from 

the sculptural model were evaluated as the six standard levels. The questionnaire data 

sets were statistically analysed.  

 

5.4.1 The sketch 

In the preparation stage, the students were taught to illustrate a sketch, in which it was 

difficult to realise. Then they redrew the sketch on the standard grid for the front view 

and the side view in the calculation step. After looking through the workshop sketches, 

the research classified these sketches into two factors, which were sketch shape and 

sketch scheme of the four sides. The sketch shapes have three classes, which are shown 

below and in Table 5-1: 

• Geometric shape. 

• Oval shape. 

• Combined shape of geometric and oval scheme. 

In the workshop, half of the workshop groups drew geometric shapes, make it the most 

popular sketch shape. The second most popular sketch shape was the oval shape, which 

was chosen by the 8 groups. Only 4 groups illustrated their sketches with the combined 

scheme sketch of geometric and oval shape. 
Table 5-1 List of the sketch shape.  

Details 
Shape type Detail Group number Subtotal 

Geometric shape 
This shape is based on a polygonal 
shape and includes irregular and 
regular forms. 

Group 02, 03, 05, 07, 
09, 12, 13, 18, 19, 21, 
22, 23. 

12 sketches 

Oval shape This shape takes curvy or cloud lines. Group 01, 08, 14, 16, 
17, 20, 24, 16. 8 sketches 

A combined scheme of 
geometric and oval 
shapes 

This form combined geometric 
schemes with the oval shape. Group 04, 10, 15, 25. 4 sketches 

 

In Table 5-2, the sketch scheme of the four sides was categorised into two classes: 

asymmetrical and symmetrical. The number of asymmetrical designs on the four sides 
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had two folds more than that of the symmetrical designs. The 16 groups designed an 

asymmetrical scheme in the four sides and 8 groups drew the symmetrical scheme. 
Table 5-2 List of the sketch scheme. 

Details 
Type Detail Group number Subtotal 

Asymmetrical design of the four sides Group 08, 10, 14, 15, 
19. 5 sketches 

Asymmetrical design of the three of the four 
sides 

Group 16, 17, 20, 23, 
25, 26. 6 sketches Asymmetrical 

sketch 
Asymmetrical design of the two of the four 
sides 

Group 04, 07, 12, 13, 
21. 5 sketches 

Symmetrical 
sketch Symmetric design of the four sides Group 01, 02, 03, 05, 

09, 18, 22, 24. 8 sketches 

 

To sum up, of the 24 workshop sketches, the geometric shape was the most popular 

shape. Designing the four sides of the sketch for the asymmetrical scheme had twice 

more than that of the symmetric scheme. 

 

5.4.2 Evaluation of the sculptural model  

The research made grading levels uniquely to the study that utilised to evaluate the 

completeness of the sculptural model, because none of the existing levels match the 

needed of this study. The research created unique grading levels following the three-

dimensional design features on the model structure, illustrated according to Thomas 

(1969:38)426 and Wong (1977:9)427. These unique levels were made following on the 

concept of vertex, edge and face and the position, the direction, the space and the 

gravity of the two-dimensional design in the dimensional transformations.  

 

5.4.2.1 The six evaluative levels of sculptural model 

The 24 sculptural models were graded to six standard levels.  

Level 1: Perfectly completed model. The level 1 model has 4 elements:  

• Pinning 16 pieces of vertical layers against the mannequin in the proper places. 

• Placing all horizontal layers in the right directions and levels. 

• Assembling all the horizontal layer crosses into vertical layers. 

• Overlapping the seam allowances of horizontal layers properly. 

                                                
426 Thomas, R. K. (1969). Three-Dimensional Design: A Cellular Approach. London, Reinhold Book Corporation. 
427 Wong, W. (1977). Principles of Three-Dimensional Design. London, Van Nostrand Reinhold Company. 
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Level 2: Imperfectly completed model. Classifying a sculptural model in the second 

class showed the fine qualities of three of four elements, but one imperfect element.  

• Pinning vertical layers of less than 16 pieces against the mannequin in the 

correct places. 

• Placing some of the horizontal layers in incorrect directions or levels. 

• Some horizontal layers did not cross into the vertical layers. 

• Some of the seam allowances of horizontal layers do not overlap properly. 

 

Level 3: Partly completed model. Categorizing a sculptural model in the third level 

illustrated that the model was partly completed with full level 1 quality.  

 

Level 4: Less completed model with some of the vertical and horizontal layers. The 

evaluations in this level followed at least 2 of the factors below: 

• Pinning less than 16 pieces of vertical layers against the mannequin in proper 

places. 

• Placing fewer horizontal layers in the proper levels. 

• Compared with the completed model, assembling fewer horizontal layers across 

into vertical layers. 

• Some of the seam allowances of the horizontal layers do not overlap properly. 

 

Level 5: Less completed model with part of vertical layers. The model was graded in 

the fifth level, represented by the two elements below:  

• Pining fewer than 16 pieces or few vertical layers against the mannequin in 

proper places. 

• Placing one or no horizontal layer in those levels and assembling few or no 

horizontal layers across into vertical layers. 

 

Level 6: Fail model. A model was allocated in the sixth level, symbolizing the poorest 

quality of the sculptural model evaluation. The model in this level includes the four 

problems below: 

• Pinning vertical layers against the mannequin in the wrong places. 
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• Placing horizontal layers in incorrect direction and levels. 

• Partly assembling horizontal layers across into vertical layers. 

• Not properly overlapping the seam allowances of horizontal layers. 

 

5.4.2.2 Grading the sculptural models  

There are three major types of the 24 sculptural models after the grading; completed 

level, less completed level and fail level (Table 5-3). Fifteen models reached a 

completed level, eight models a less completed level and one model was graded on the 

fail level.   
Table 5-3 Six standard levels of evaluation 24 sculptural form giving models. 

Graded 
Level Level Graded 

summary 
Graded 
result 

Education 
Background 

of group 

Model 
number 

1 Perfectly completed 
model 3 (13%) FD=2 

FT=1 
Group 01, 
02, 22. 

2 Imperfectly 
completed model 8 (33%) FD=5 

FT=3 

Group 03, 
04, 05, 12, 
13, 17, 25, 
26. 

3 Partly completed 
model 

15 models at 
completed level 
(63%) 
FD=11/15 

FT=4/15 
4 (17%) FD=3 

FT=1 
Group 07, 
09, 16, 20. 

4 

Less completed 
model with part 
vertical and 
horizontal layers 

4 (17%) FD=2 
FT=2 

Group 10, 
15, 21, 24. 

5 
Less completed 
model with vertical 
layers 

8 models at less 
completed level 
(33%) 
FD=3/8 

FT=5/8 4 (17%) FD=1 
FT=3 

Group 08, 
14, 18, 19. 

6 Fail model 
1 model at fail 
level (4%) 
FD=1 

1 (4%) FD=1 
FT=0 Group 23. 

 

66 students attended the day two workshop. The 42 fashion design students were 

divided into 14 groups. The 23 fashion technology students and 1 combined study 

student were rearranged into 10 groups. 

 

In summary, the following results were taken from the workshop. The fashion design 

students adopted the sculptural form giving method better than that fashion technology 

students as evidenced in building sculptural models to a completed level. The models 

reached completed levels in 1/3 more cases than fashion technology group model. At 
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the same time, 1/3 fewer of fashion design models were executed to a less completed 

level. However, the model from Group 23, which was made by the fashion design 

students, was graded on the fail level.   

 

5.4.2.3 Case studies of the sculptural models 

Details of the case study of the 24 sculptural models are listed below:  

Level 1: Perfectly completed model 

Three models, which were group 01, 02 and 22, reached the perfectly completed model 

level (see Appendix J Table 1). 

 

Level 2: Imperfectly completed model 

Eight sculptural models, which were group 03, 04, 05, 12, 13, 17, 25 and 26, were 

allocated a second level grad in, because of an element of imperfection, compared with 

the first graded level. (Appendix J Table 2 and Table 3) 

• The group 03 and the group 12 models placed vertical layers of fewer than 16 

pieces.  

• The group 04 model allocated horizontal layers in the wrong direction.  

• The problem of horizontal layers, which did not cross into vertical layers, 

happened to the group 26 model.  

• The problem of not-overlapping seam allowances properly in horizontal layers 

happened to groups 05, 13, 17 and 25.  

 

Level 3: Partly completed model 

Four models, which included group 07, 09, 16 and 20, were finished to 1/4, 1/2 , 1/4 and 

5/8 the expected level (Appendix J Table 4).  

 

Level 4: Less completed model with some of the vertical and horizontal layers 

Four models, which were group 10, 15, 21 and 24, were assessed to be at this level 

(Appendix J Table 5). Group 15 was the only group in this level to be invited to attend 

the group interview, and gave one comment on card quality (see answer 3 to the group 

interview), because they drew an asymmetrical design. 
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Level 5: less completed model with some of the vertical layers  

Four groups, which included group 08, 14, 18 and 19, achieved a fifth standard level 

with a less completed model with the vertical layers (Appendix J Table 6). Due to 

drawing an asymmetrical design, Group 14 was the only group to be invited to attend 

the group interview. This group presented one problem in layer assembling (see answer 

2 to the group interview). 

• Missing one person: In the day two workshop, the main reason for groups 08, 14 

and 18 being behind in the workshop schedule is that they were missing one 

person, which put more pressure on the other team members. 

• A complicated sketch: Group 08 designed the sketch as a complicated drawing 

with a large volume compared with that of other groups. However, the sketch of 

group 19 is not a simple design and is of medium volume.  

• Identifying the problem: Groups 08, 14 and 19 defined their problem clearly as a 

time problem, because these groups placed at least one horizontal layer on 

vertical layers and reached the last step of the model realization. Nevertheless, 

the sketch of group 18 is a simple geometric shape and built of only 3 vertical 

layers of the model. 

 

Level 6: Fail level 

Group 23 was evaluated on the lowest level as a fail model in Appendix J Table 7. This 

group came across the following difficulties in the workshop: 

• Sketch stage: The sketch of group 23 is a complex geometric sketch. This team 

had asked for a tutorial and faced drawing difficulties in the step of redrawing 

the side view sketch on the standard grid. Even though the author had held a 

short tutorial with the team members, making the side view sketch was tough for 

this team, due to without considering the side view of the design discipline. 

• Model realisation stage: This group worked well on pattern-making and cutting, 

but had a serious problem with layer assembling. In contradiction of the 

instructions on layer assembling, this group pinned vertical layers in the wrong 

places, which is a major problem. Then, they made a secondary problem when 

assembling the horizontal layers at incorrect direction and levels.   

• Group interview: This group was invited to attend the group interview, but gave 

a comment about card quality only. 
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5.4.3 Analysis of questionnaire data 

The research utilised descriptive statistics to analyse the questionnaire data sets. The 

research could not establish a relationship between the students’ education background 

and the questionnaire data, because the data from the questionnaire was collected 

anonymously. 

 

5.4.3.1 Aims and objectives 

The aim of the questionnaire data analysis is to understanding the sculptural form giving 

method by evaluating the variations in the data sets and comprehending the major 

factors that affected students when adopting the sculptural method. The research 

studying three major objectives of data analysis, which are comparing the average 

results between the 66-questionnaire data set and the groups’ data sets, correlating 

variables between the pattern-making experience and the average results and 

understanding the teaching hours of the first year design discipline on the fashion design 

and fashion technology courses. 

The process of data analysis is illustrated in Figure 5-13: 

 

Figure 5-13 The process of questionnaire data analysis. 
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5.4.3.2 Method of questionnaire data analysis 

The workshop questionnaire conducted an analysis using descriptive statistics. 

Statistical Package for the Social Sciences (SPSS), multivariate analysis for SPSS and 

inferential statistics are not suitable for this data analysis, because the author collected 

the questionnaire data before making statistical decisions. The following items 

presented the research analysis results: 

• In percentage terms, of raw questionnaire data. 

• Averages: mean, mode, median and standard deviation. 

• Correlation and regression line.   

 

5.4.3.3 Questionnaire raw data 

This section is concerned with a discussion of six parts of the data, in the percentages.  

The details are shown in Appendix K Table 1 ~ Table 6: 

 

Part 1. Education background 

The educational background of the workshop was divided into four parts: gender, age, 

design discipline and pattern-making experience (Appendix K Table 1). The majority 

gender of the workshop users is female with just above 90 percent. Only five male 

students joined the workshop. In the users age, half of the students are aged 19, 

followed by those aged 18 and 20. There was a small number who were aged 21, 22 and 

more than 24. The number of fashion design students was just under twice that of the 

fashion technology students. There was only one combined studies student in the 

workshop, who is studying elements of both fashion design and fashion technology.  

 

Moreover, just above 60 per cent of the students had studied on a one-year pattern-

making course, followed by 21 per cent with two years experience, and 9 per cent with 

less than one year. Only one person had never learned pattern-making before, and one 

person had studied pattern-making for four years. In the workshop, no student had 

experienced pattern-making for over five years. 
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Part 2. Evaluation of the capabilities of model 

The research classified the percentage results of the questions in three classes: positive, 

neutral and negative. Part two had nine questions. Four questions received a positive 

response, two questions were voted in the negative and a further three questions 

achieved a neutral response (Appendix K Table 2). The four positive results shows that 

a large number of the students agreed that the model matched the sketch, helped them to 

develop their design concept and address their creative ideas, and that the method was 

efficient. The students disagreed with two questions, which were that the workshop 

method was easy and the sculptural model represented their design concept better than 

the sketch. The three neutral answers were in response to: that the workshop method 

was reliable, the method realized a sketch useful and that it would help with 

communicating with others. 

 

Part 3. Evaluation of the workshop 

The questions in part 3 evaluated the workshop, including the introduction, the handouts 

and the workshop time. In this part, even though a question was selected in the negative 

and two answers were chosen as neutral, the researcher found analysing the data to be 

easier than doing so for part two. Most of the students argued about the unclear 

workshop introduction, but agreed about there being enough time for the model 

realization step. Higher percentages of the neutral scale maintained that the handouts 

provided clear instructions (Appendix K Table 3). 

 

Part 4. Preparation of the workshop 

Only two questions were asked to evaluate the preparation stage of the workshop. Both 

questions were designated positive responses (Appendix K Table 4). The students 

agreed that the workshop gave them freedom to design the sketch and provided a clear 

view of the sketch limitations. 

 

Part 5. Calculation of the workshop 

This part had five questions to evaluate the calculation step. The four questions were 

voted in the positive (Appendix K Table 5). This showed that the students agreed that 

using Microsoft Office Excel, to gain the size of the layers, was easy. 

 



 189 

Part 6. Model realisation of the workshop 

Six questions were asked to evaluate the model realisation stage. The five questions 

were answered in the positive, but one question, which asked about qualitative layer 

assembling, was answered in the neutral (Appendix K Table 6). The majority of 

students agreed that using prototype layers reduced pattern-making time, that the 

pattern-making is easy to achieve, that the Excel data on the layers helped them in 

pattern-making, that the handouts illustrated clear instructions for assembling layers, 

and that cardboard was a good material for building a model. 

 

5.4.3.4 In percentage terms of data analysis 

In the 66-questionnaire data sets, the percentage made most of the evaluations easier to 

understand, except in part two. For instance, in the data set, three questions (questions 

2-5, 2-9 and 3-1) were understood clearly in the negative, because of the large number 

of votes for ‘disagree’ and ‘strongly disagree’ more than ‘agree’ and ‘strongly agree’. 

However, it seemed that questions 2-2, 2-4, 2-6, 3-2, 3-3 and 6-4 defined the data 

unclearly, as large percentages remained in the neutral scale. The problem happened in 

part two, which is essential in evaluating the capabilities of the method. Therefore, part 

two will be discussed statistically later.  

 

5.4.3.4.1 Calculation of the averages 

The data set of the groups, which were taken from 66-questionnaires sent to both 

fashion design and fashion technology students, were designed from the calculation 

points from the questionnaire scales in Table 5-4. The five positions of calculation 

points followed the Likert scales by Oppenheim (1996:195). The author set the formula 

in MS Excel and then inputted the points to gain the statistical averages. The average 

results from the three groups are shown in Appendix L Table 1~ Table 3. Appendix L 

Table 4 reveals the summary of the average results for the groups. 
Table 5-4 Five positions of the calculation points in the questionnaire scales. 

Questionnaire scales Strongly 
agree Agree Neutral Disagree Strongly 

disagree 
Calculation points 5 4 3 2 1 
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‘Mean', ‘mode’, ‘median’ and ‘standard deviation’ are the four main data measurements 

for averages. In the research, the ‘mean’ data was defined from the three classes, which 

are positive, neutral and negative. A ‘mean’ higher than three, represents positive data. 

A ‘mean’ equal to three, represents neutral. A ‘mean’ lower than three, represents 

negative data.  The ‘mode’ shows the popular variation in the data sets. The ‘median’ 

illustrates the middle person in the scales. The maximum data from the ‘standard 

deviation’ (higher than 1) represents the comments to a discrepancy wider than a scale. 

In contrast, the minimum data of the ‘standard deviation’ represents the comments 

voted on the same scales. 

 

A. Summary of the 66-questionnaires data set 

The averages of the three data sets are summarized in Appendix L Table 4.  
 

 

B. Comparison of the averages of the questionnaires data sets 

This section compares the averages of the groups’ data sets. The first part is a 

comparison of the fashion design and fashion technology groups. The second part is an 

evaluation of the fashion design, the fashion technology and the 66-questionnaire data 

sets.   

 

1. Comparison of the data sets of the fashion design and the fashion technology 

students  

In the average results, the fashion design students and the combined study student 

gave higher average results than the fashion technology students in the workshop 

questionnaire. The average results of fashion design and fashion technology students 

show 3.19 and 2.92 respectively. These two data sets represent above and below 

three, which means the scales are both positive and negative. However, the 

combined studies student, who studies in both fashion design and fashion 

technology courses, gave the average results at 4.1, which represents the scales in 

positive terms.  

 

The averages of the fashion design and the fashion technology data sets, and the 

fashion technology group, gave two more negative answers than the fashion design 

group. The fashion technology group answered negatively, not only on the questions 
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2-5 and 2-9, but also on the questions 2-1 and 2-3. Therefore, the fashion design 

group disagreed that the workshop method is easy and the model represents their 

design concept better than the sketch.  

 

The fashion technology group disagreed about the model matching the sketch and 

that the workshop method is efficient. In the distribution of questions 2-7 and 2-9, 

the variations of the fashion technology group were more than the fashion design 

group, which means the fashion technology group had more discrepancy in the 

scales than the fashion design group. In questions 2-7 and 2-9, for example, the 

‘standard deviations’ of the fashion technology group (1.03) is higher than that of 

the fashion design group (0.74). The highest and lowest of the ‘standard deviation’ 

in these two distributions, in both questions 2-7 and 2-9, showing that these two 

groups voted on the same scales on the question 2-7 with discrepancy on question 2-

9. 

 

2. Comparison of the data sets of the fashion design, the fashion technology and 

the 66-questionnaire group 

The ‘mean’ of the fashion design, the fashion technology and the 66-questionnaire 

data sets show that the fashion design group and the 66-questionnaire groups 

answered two more questions positively than the fashion technology group. The 

fashion technology group answered four questions negatively, which are 2-1, 2-3, 2-

5 and 2-9. In the three data sets, the highest and lowest variations of the ‘standard 

deviation’ were located on the same questions as the comparison of the three 

groups. The results of these two groups answered question 2-7 on the same scales 

and question 2-9 with discrepancies.  

 

To sum up, the comparisons of the data sets show that the fashion design group gave 

higher average results than the fashion technology group; the combined studies student, 

in particular, gave positive scales. As the research is concerned with the workshop users 

adopting the sculptural form giving method, this research has addressed two issues, 

which are the students’ educational backgrounds and the correlation between pattern-

making and average results. The key elements affected the students in their adoption of 

the method, discussed in the following sections. 
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5.4.3.4.2 The first year course structures of fashion design and fashion technology 

This research found that the first year course structure of the fashion design and the 

fashion technology had two differences: 

• The way that offers are made, by the university, to applicants to particular 

degree courses.  

• The teaching hours of the related modules. 

 

A. The University offering spaces to applicants 

Before the first year course begins, the university offers places to the fashion design or 

fashion technology applicants, according to their drawing abilities. The portfolio is one 

of the key elements that the university uses when offering places to fashion design 

applicants, whereas fashion technology applications do not need to show evidence of 

visual creativity. 

 

B. The first year course structure 

In the first year course structures of 2009-10, the fashion design and fashion technology 

students had 8 mandatory modules, which were divided into two semesters in the 

academic year. The teaching period of a semester is 12 weeks on 4 modules. The four 

common modules and the four other modules of the two courses are shown in Table 5-

5.  
Table 5-5 The first year course structure of the fashion design and the fashion technology. 

FD FT 

Semester Course 
based Mandatory modules Course based Semester 

1 Textile Textiles Textile 2 

1 Pattern 
techniques Product Development 1 Pattern 

techniques 1 

2 Pattern 
techniques Product Development 2 Pattern 

techniques 2 

2 Computer 
software Digital Imaging 1 Computer 

software 1 

1 Design Fashion Design and 
Illustration 1 A 

Product 
Development 3 

Pattern 
techniques 2 

2 Design Fashion Design and 
Illustration 1 B 

Introduction to 
Marketing Marketing 1 

1 Design and 
techniques 

Introduction to 
Fashion Print and 
Knit 

Introduction to 
the Principles of 
Management 

Management 2 

2 History History of Art and 
Design 

Fashion Analysis 
and Design Design 1 
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C. The teaching hours of the related subjects 

Design and pattern making technique skills are the two main subjects that relate to the 

sculptural form giving method. The details of the fashion design and the fashion 

technology first year courses are listed below and in Table 5-6: 

• The fashion design students spent 360 hours studying on the three design 

courses, which were illustration 1A, 1B and fashion print and knit.  

• The fashion technology students had 120 hours of study on one design course, 

which was fashion analysis and design. 

Table 5-6 Design teaching hours of the fashion design and the fashion technology in the first year course 
structures. 

Fashion design teaching hours of design Fashion technology teaching hours 
Total 
hours 

Subtotal 
hours Module Total 

hours  
Subtotal 
hours Module 

120 Fashion Design and 
Illustration 1 A 

120 Fashion Design and 
Illustration 1 B 360 

120 Introduction to Fashion 
Print and Knit 

120 120 Fashion Analysis and 
Design 

 

The pattern technique course and details of the fashion design and the fashion 

technology courses, in the first year are shown in Table 5-7: 

• The fashion design students attended 240 hours in product development 1 and 

product development 2 classes.  

• The fashion technology students spent 360 hours in product development 1, 

product development 2 and product development 3 classes.  

Table 5-7 The pattern technique teaching hours of the fashion design and fashion technology in the first year 
course structure. 

Fashion design teaching hours of pattern 
technique 

Fashion technology teaching hours of pattern 
technique 

Total 
hours 

Subtotal 
hours Module Total 

hours 
Subtotal 
hours Module 

120 Product Development 1 
120 Product Development 1 

120 Product Development 2 240 

120 Product Development 2 

360 

120 Product Development 3 
 

D. Comparison of the first year education background between the fashion design 

and the fashion technology students 
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In the 2009-10 academic year, the fashion design students had had taught three times 

academic contact more than the fashion technology students in the first year. The 

fashion design and the fashion technology student had been taught 360 hours and 120 

hours respectively in the design discipline. By contrast, the fashion technology students 

had attended 1.5 times as many pattern technique classes. 

 

Given the statistical results from the model making educational background can be 

assumed as one of the factors to affect the adoption and acceptance of the method. This 

research concerned the relationship between the users’ prior knowledge and the average 

results, which is discussed in the next section.    

 

5.4.3.4.3 Correlation between pattern-making experience and average result 

This research made the correlations428 between pattern-making experience and the 

average result, which were summarized for these groups: 

• All 66 students together.  

• The fashion design students and the fashion technology students separately. 

The figure, relating to the 66 students, reveals that the correlation between pattern-

making experience and average results has a very small effect (Figure 5-14), which 

represents a very small positive in the correlation. The starting point of this gentle slope 

is 3.16 and the end point is 3.21.  

                                                

428 The linear of the figures were calculated by 

€ 

R2 =
a Y + XY − ny∑

2
∑

Y 2 − ny
2∑

. 
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Figure 5-14 The correlation between the pattern-making experience and the average results in the group of 66 
students. 

In the figure of the fashion design group, the correlation between the pattern-making 

experience and the average results has a very small effect (Figure 5-15), which 

represents a very small positive in the correlation. The start point of this gradual slope is 

3.14 and the end point is 3.31. 

 

Figure 5-15 The correlation between the pattern-making experience and the average results in the fashion 
design group. 

In the figure of the fashion technology group, Figure 5-16 shows that the correlation 

between the pattern-making experiences and the average results has a very small effect, 

which represents a very small positive in the correlation. The start point of this slope is   

2.91 and the end point is 2.99. 
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Figure 5-16 The correlation between the pattern-making experience and the average results in the fashion 
technology group. 

To sum up, in the correlation of the figures of the 66 students, the fashion design and 

the fashion technology students’ results show a very small positive trend between 

pattern-making experience and average results. 

 

5.4.3.5 Comments on the questionnaires 

In the questionnaires, five comment tables had been drawn up without limitation on the 

students. On the 66 questionnaires, the students had given 87 comments in the tables. 

Moreover, the fashion design students gave 4 times more comments than the fashion 

technology students. The numbers of comments in the five sections are illustrated in 

Table 5-8:  
Table 5-8 The comments from the fashion design and the fashion technology on the workshop questionnaire. 

Groups 
Questionnaire sections The FD students The FT students 

Part 2. Evaluation the capabilities of model 28 9 
Part 3. Evaluation of the workshop 20 4 
Part 4. Preparation of the workshop 2 0 
Part 5. Calculation of the workshop 4 1 
Part 6. Model realization of the workshop 16 3 
Total comments= 87 Subtotal=70 Subtotal=17 
 

There are eleven types of comments on the questionnaires, which are shown in Table 5-

9 ~ Table 5-13. The less than one third of the feedback commented about the workshop 

form; for example the workshop time is short, but only one of the comments said the 

workshop time was enough. The second majority of the comments evaluated the 

workshop teaching skills. The comments on teaching skills indicated that the users 
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needed clear information from the workshop overviews, instructions and steps.  The 

third most popular of comments concerned the problem of card quality in the layer 

assembling stage; this was presented by fourteen comments on the card: flimsy, 

inadequate supply and the need for stiffer card. The last two most popular comments 

gave feedback about the sculptural model with the sketch and the group size. 

 

Part 2. Evaluation of the capabilities of the model 
Table 5-9 The comments on the capabilities of the workshop model. 

Details 
 
Evaluation item 

Subtotal 
Numbers 

of 
comments 

Comment details 

23 The workshop time is not enough. Time  
24 1 The workshop time is enough. 

7 The sculptural model does not match for the sketch. 
2 There are some problems between sketch and model. 

Model and sketch  
10 

1 The model matched my sketch. 
2 The method is complicated. The sculptural 

form giving method 3 1 The method is useful. 
 

Part 3. Evaluation of the workshop 
Table 5-10 The comments on evaluating the workshop. 

Details 
 
Evaluation item 

Subtotal 
Numbers 

of 
comments 

Comment details 

5 Need a clear introduction 
3 One of the workshop handouts is not clear. 
1 Need more information 

1 Need explanation about introductions and layer 
assembling. 

2 Need clear explanation about pattern-making. 

Teaching skills 16 
 

4 Need clear instructions. 
2 Need a larger group. Group of three 8 6 Missing one person in a group of three. 

 

 

Part 4. Preparation of the workshop 
Table 5-11 The comments on the workshop preparation step. 

Details 
 
Evaluation item 

Subtotal 
Numbers 

of 
comments 

Comment details 

1 I have sufficient time that allows me to sketch. Workshop 
preparation 2 1 The sketch limitation is unclear. 
 

Part 5. Calculation of the workshop 
Table 5-12 The comments on the workshop calculation step. 
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Type 
 
Evaluation item 

Subtotal 
Numbers 

of 
comments 

Comment details 

2 This calculation is good. 
2 The step of inputting data is easy. The calculation step 5 
1 Need more accurate measurement, because the 

measurement is taken only from sides on the sketch. 
 

Part 6. Model realisation of the workshop 
Table 5-13 The comments on the workshop model realisation. 

Type 
 
Evaluation material 

Subtotal 
Numbers 

of 
comments 

Comment details 

7 Card is flimsy. 
5 Suffered from card shortage. Card 14 
2 The card is not strong and stiffer paper is needed. 

Prototype 1 1 Using prototype is quick. 
Mannequin 1 1 Mannequin is too big. 
Assembling 3 3 Small pieces are hard to assemble on mannequin. 
 

5.4.3.6 Comments of the group interview  

There are six feedback forms from the selected groups in the workshop group interview. 

The comments referred to the key problems of the model realization step: 

• Answer 1: Pinning layers on mannequins are hard. Pins twisted one needed to 

look for some other material to keep vertical layers stay on the mannequin. 

• Answer 2: In assembling the layer step, small pieces of the layer did not work 

properly. Hard to assemble. 

 

These interviewees expressed two suggestions about the workshop material. 

• Answer 3: The cardboard curled. Thicker cardboard would be better. 

• Answer 4: Pressed cardboard is a stronger material and may be a good choice.   

 

The interviewees offered two opinions about the design issues of the method.  

• Answer 5: This method is a good way to make a sculpture. There is not another 

way to make it. The calculation step is easy. She thought this method is good for 

structure. She looked forward to apply variety materials (textiles) on the 

sculptural model. 

• Answer 6: He will take advantage of this method in furniture design. He is 

looking for a material and structure that will provide the users the ability to fold 

and unfold the item without any loss of shape. 
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In the group interview, the interviewees did not give answers to the question of 

providing a better design method to present the sketch. The comments from the 

questionnaire and the group interview were documented and would be used to align, 

refine and redevelop the sculptural form giving method in the next section.  

 

5.5 The workshop conclusion 

The workshop data analysis used qualitative and quantitative methods, to make 

observations, hold a group interview and analyze workshop data statistically, which was 

collected from the second year fashion design and the fashion technology students. The 

capabilities of sculptural form giving method and the sculptural model are demonstrated 

by analyzing the workshop data. The method was proven to be reliable, useful and 

efficient, but not easy. The sculptural model matches its sketch, which leads to better 

communication with others, developing design concepts and creative ideas, but the 

feedback about the sculptural model being better than the sketch is inconsistent. 

 

The data analysis demonstrates that the fashion design students adopted this method 

better than fashion technology students in building completed intermediate models and 

higher then average questionnaire results; this difference was attributed to the first year 

design course structure. The correlation between pattern-making and average results in 

the data sets illustrated a small positive trend. 

 

The workshop questionnaire and the group interview collected five main comments for 

the redevelopment of the method. The students commented on the workshop form and 

material, the method, the teaching skills, and a different understanding of the model and 

the sketch. 

 

A. The sketch 

Before the day one workshop, the students had been taught to draw the type of sketch 

that would be difficult to execute through traditional pattern-making. Geometric shapes 

and asymmetrical design details in the four sides were the two main sketch schemes to 

be undertaken in the workshop. A geometric sketch shape was the most popular. Half of 

the students designed the sketch geometrically followed by around 30% designing an 
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oval shape and just under 20%, a combined shape. In the design details, the 

asymmetrical design, on the four sides, was the most popular style in the workshop. The 

students designed the four sides of the sketch asymmetrically twice as many times as a 

symmetrical sketch, in the four sides.  

 

B. The model 

The day two workshop was attended by 66 students. The author divided the students 

into groups of three to form 24 groups with each group building a sculptural model. The 

42 fashion design students were divided into 14 groups. The other 10 groups were 

formed into 23 fashion technology students and 1 combined studies student.  

 

The fashion design students adopted the method better than the fashion technology 

students, for building sculptural models that reached the completed levels. The fashion 

design models achieved the completed levels around 30% more than the fashion 

technology models. However, above one third the fashion technology models, at the less 

completed levels, were more completed than the fashion design models. Overall 

statistics took into account fashion design students’ group 23, graded as the fail level. 

Despite this, generally, the fashion design students applied the method better than the 

fashion technology students. 

 

C. Questionnaire data analysis 

In the 66-questionnaire data sets, the percentage terms of the data made most of the 

evaluations easier to understand, except the part two questions. For instance, in the data 

set, the questions were understood clearly in the negative, because of the heavy votes 

for disagree and strongly disagree more than agree and strongly agree. However, six of 

the questions defined the data unclearly about positive or negative, because the large 

percentages remained in the neutral scale. Most of the problems happened on the 

questionnaire in part two, which is an essential part to evaluate the capabilities of the 

method. Therefore, part two was discussed statistically.  

 

In the 66-questionnaires, the 42-questionaires (fashion design students) and the 23-

questionnaires (fashion technology students) data sets, the fashion design students gave 

answers more positively than the fashion technology students. These groups gave higher 

average results than the fashion technologists. The average results are higher than 3, 
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equal in 3 and lower than 3, showed the scale in positive, neutral and negative. The 

average results of the data sets are 3.11, for the 66-questionnaires, 3.19 for the fashion 

design students and 2.92 for the fashion technology students. The combined studies 

student, who studies in both the fashion design and fashion technology courses, gave the 

positively average results at 4.1.  

 

From the ‘mean’ in the three data sets, the fashion technology students voted on two 

more negative questions than the group of 66 and the group of fashion designers in the 

data sets. These three groups answered negatively on the same question, that the 

workshop method is easy, but gave feedback inconsistently about the sculptural model 

being better than sketch. However, the group of fashion technologists also disagreed on 

the other two questions, that the model matches the sketch and that the workshop 

method was efficient.  

 

The ‘standard deviation’ in the three data sets revealed that the scales voted on were the 

most focused and the most inconsistent. These three groups of students gave the same 

positive scales for the question on the sculptural model helping them to develop their 

design concepts. However, they answered the question inconsistently, on the sculptural 

model representing the design concept better than the sketch. 

 

The data sets show that the 66 students, the fashion design students and the combined 

studies student gave more positive and average results than the fashion technology 

students. This research had taken into account the students’ educational backgrounds 

and this correlation to define that the users’ background affected the students ability to 

adopt the method. 

 

D. Users’ background 

The educational backgrounds of the workshop students had three differences, which 

were the university offering the students’ places on particular courses, the course 

structures and the teaching hours of particular subjects.  
 

1. Offering places on particular university courses 
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Portfolio is one of key elements that the university bases offering places to fashion 

design applicants. By contrast, the university provides a technology place for an 

applicant, who intends to study fashion and did not submit a portfolio. 
 

2. The first year course structures 

The aims of the fashion design and the fashion technology courses in 2009-10 were 

different. The fashion design course was based on design disciplines that included 

problem solving in industry, commercial and professional practice. However, the 

fashion technology course was designed as management based, to learn problem 

solving in fashion and related industries.  

 

In the academic year, the first year course structures in fashion design and fashion 

technology had a mandated 8 modules, which were divided into two semesters in 

the academic year. A teaching period of a semester is 12 weeks, with 4 modules. 

The four common modules and four other modules of fashion design and fashion 

technology are shown in Table 5-22. 
 

3. The teaching hours of the groups 

In the academic year, the FD students were taught three times more than the fashion 

design students, in the design modules in the first year course structure, with the 

fashion design students taught 360 hours and fashion technology students taught 120 

hours in the design discipline. By contrast, the fashion technology students had 

attended one and a half times more pattern technique classes than the fashion design 

students. The fashion technology has 360 hours and the fashion design students 240 

hours in the product development modules. 

 

E. Correlation between pattern-making and average results 

The correlation between the pattern-making experience and average in the three data 

sets results show positively. 

 

F. Group interview and questionnaire comments 

Four major comments on the workshop questionnaire and the group interview are 

following by: 
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• Evaluations about the workshop: the shortage of workshop time and the team 

members in the group of three.  

• Quality in card qualities. 

• The capability of the sculptural form giving method: the method is not easy and 

a different understanding between the sculptural model and the sketch. 

• Teaching skills in the workshop: the workshop introductions, the handouts etc. 

Because the majority of the feedback commented on the method and the teaching skills, 

the research used interview and questionnaires to qualify the key factors of the 

comments, then used this to aligning the method. These comments had been 

documented and would be used to align, refine and redevelop the sculptural form giving 

method in next chapter.  

 

5.6 Aligning, Refining and Redevelopment The Sculptural Form Giving 

Method by Obtaining Additional Qualitative Feedback from 

Professionals 

This chapter explains how results were used to align, refine and redevelop the method 

from the two workshop results: the data analysis and the comments from the group 

interview as well as the questionnaire. 

 

5.6.1 Discussion the students’ feedback 

The evaluations of the workshop process, qualitative card qualities, capability of the 

sculptural form giving method and teaching skills in the workshop were the four major 

issues arising from the students’ feedback. The following sections will discuss the 

feedback in details. 

 

5.6.1.1 Evaluations about the workshop 

A quarter of the feedback received was on two issues, which were the shortage of 

workshop time and the team members in the group of three, from the workshop 

evaluations. These two issues relate to and affect each other in the workshop. The time 

and the steps of the workshop agenda were made up from the limited five hours in the 
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pattern-making course. The workshop pre-tests were arranged in two separate styles 

dependent upon the attendees. The pre-tests were ten hours and eight hours respectively. 

Therefore, the workshop investigated the same process in the third style of the team 

arrangement, which was completing the steps within five hours in groups of three. Just 

less than 35 percentages of the sculptural models were graded so that the users 

understood the method but needed more time, which are the levels of partly completed 

model and less completed model with part vertical and horizontal layers. However, 

managing the time and the team members on the steps in the design process can be 

made more flexible to apply to the method and the workshop. The research results show 

that spending five hours on the steps could be too short for a group of three, who have 

one year of pattern-making experience.  

 

5.6.1.2 Qualitative Card qualities 

The workshop used two types of card, which were pink and yellow thick card of 270 

grams per square meter and the pale yellow buff card of 154 grams per square meter. 

Around 15 percent of the workshop comments focused on the three card qualities, 

which flimsy card, card shortage and a need for stiffer paper. 

 

The model structure and the students’ understanding of the pattern cutting and using the 

cards efficiently affected the three qualitative comments. The model structure consists 

of the layers crossing each other and the vertical layers supporting the horizontal layers. 

The research comprehended the model structure from the two experimental works 

(Figure 5-17 and Figure 5.18), which was proposed to reduce the problem of model 

weight, because the A-6-5 model in Figure 5-19 has a mass volume with heavy weight. 

The Figure 5-18 model was made up with the thick card in the vertical layers and the 

buff card in the horizontal layers that reduced the weight by 43 percent from the model 

weight when compared with a model built in the thick card in the vertical and horizontal 

layers. From the experimental works, the research defined the vertical layers support the 

model structure more than the horizontal layers, because the instructions of the layer 

assembling was pinning the vertical layers and then the horizontal layers.  
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Figure 5-17                                  Figure 5-18 

Figure 5-17 and Figure 5-18 The two experimental works using the thick card in the vertical layer and the buff 
card in horizontal layers. 

 
Figure 5-19 The four views of heart shaped skirt model. 

In the comments regard the flimsy card and the need for stiffer paper, it pointed to the 

students misunderstanding the pattern cutting, which gave the groups many challenges 

in the layer assembling step such as groups 15, 18 and 12. These three groups, for 

example, had cut the layer seam allowances too much, which made the layers and the 

model structure weaker than those which were properly cut and built.  It then caused 

two problems on the model structure and the assembling step. The first problem was 

assembling the improperly cut layers, which decreased the model structure to make the 

vertical layers give less support than the horizontal layers. The second problem was 

making more difficulties for the model construction, which was crossing the soft layers 

with the weak structure.  

 

The students complained of card shortage, because they did not use the card efficiently 

in drawing patterns in the model realisation step. The pre-tests had used the 5 meters of 

card to complete the models. In the workshop, only groups 8 and 23 designed the sketch 

bigger than that of the pre-testers. In the workshop, not only did these two groups ask 

for extra cards, but also groups 14 and 12 required more paper. However, the research 
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still collected 5 comments on the card shortage, which represented these 5 students 

managing the card poorly. From the author’s observation in the workshop, some of the 

students did not manage to use the card efficiently, because of two reasons: the 

university provide unlimited pattern-making papers in the sewing workshop and some 

of the students lacked experience of drawing the patterns economically. This resulted in 

the students’ blame on the card shortage. The research recommended one of the most 

efficient way to edit and draw the patterns in Figure 5-20.  

 
Figure 5-20 An example of efficient drawing the layers on the yellow thick card. 

 

The author interviewed the lecturer on the pattern-making course and she indicated the 

students paid 120 pounds a year and were allowed to help themselves to access the 

workshop materials without permission, such as the papers. In her teaching experience, 

she agreed that giving the students a quantity recommendation for the cards in the 

workshop would result in the students’ being more aware of the materials and using 

them less wastefully.  

 

Cutting the seams of the layers properly, which made it easier to assemble the layers, 

gave strength on the model structure. As long as the students managed to draw the 

patterns efficiently and the sketch volume was not bigger than that of the pre-tests, 

using five meters card to build the model is enough. 

 

5.6.1.3 The capability of the sculptural form giving method 

The relationship between the teaching skills and the method were the two major 

comments from the workshop, which were shown in Figure 5.21. The research analyzed 

these two comments to define the key elements, then addressed the problems to align, 

refine and redevelop the method. The details were taken in the following sections. 
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Figure 5-21 The relationships of the comments in the method’s capabilities. 

 

A. Analysis of two key factors:  

a) Teaching skills  

b) The method 

The students commented on the teaching skills that included the introductions, the 

handouts, the explanations and the instructions. The method of feedback included the 

understanding and the capabilities of the method, the sketch and the model.  

 

B. Feedback from professionals 

The interview and questionnaire are the tools in the key factors analysis, which are used 

to qualitatively analyze the communication of the sculptural model. According to the 

analyzed results of the student workshop, the aim of this interview is to further 

understand the gap between the sculptural model and the sketch. The objective is, also, 

to collect data on the understanding of the sculptural model from one of the proposed 

design targets of the project, the clothing technicians. The questionnaire gathers data on 

the specific understanding between the sculptural model and the sketch, while the 

interview collects comments, by verbal communication, from technicians. The 

questionnaire was drawn by the four concepts, which were listed below: 

• The understanding of the three-dimensional factors of the model: including the 

width, the depth, the length and the whole view shape. 

• Drawing pattern pieces for sampling the design. 

• Understanding the model and the sketch. 

 

As the fashion design students adopted the method better than the fashion technology 

students in the workshop, the experts’ understanding of the model and the sketch may 

be different than that of the students. The questions, which were asked verbally in the 

professionals’ interviews, were illustrated below: 

The method 
including the 
model and the 

sketch. 

The teaching 
skills 
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• Expected the time to complete the model. 

• Evaluating the method in education and industry. 

• Improving the teaching skills.  

These evaluations were to define the understanding of experts, between the model and 

the sketch. 

 

C. The Experts’ Qualitative Interview 

This research invited four clothing technicians in the university. The feedback process 

of the experts was illustrated in Figure 5-22. The questionnaire was shown in appendix 

F. The author held the interview sessions individually, in the first two weeks, in March 

2010. Those were documented on a transcription.  

 
Figure 5-22 Collecting feedback from the ‘Sculptural Model’ by professionals. 

 

D. Expert’s background 

The four female clothing technicians, from the university, attended the experts’ 

interviews individually. The technicians’ expertise was in clothing technology. Their 

experience in teaching and pattern technique varied from 5 to 25 years. One of the 

interviewees had assisted in the workshop. 

 

E. The understanding between the model and sketch 

The interview and the questionnaire results show the experts’ understanding of the 

model in the positive. Their answers illustrated them fully understanding the three-

dimensional factors of the model, which included the width, the depth, the length and 

Questionnaire answered by technicians 

The technicians’ 
understanding of the 
‘sculptural model’ 

15 minutes 

Giving instructions on the short questionnaire 

Introduction to the ‘sculptural model’ for clothing technicians 

Collecting questionnaires 

Collecting further comments, verbally 
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the whole view shape of the model, clearly. They answered in the positive scales about 

drawing pattern pieces for sampling the design. They also understood the model and the 

sketch positively. All of them not only agreed the representation of the model in the 

design communication process is equal in the sketch, but also thought it better than the 

sketch. 

 

In presenting the design concepts to the experts, the professionals would prefer the 

designer communicated their design concepts to them by the model and the sketch, and 

this method was better than when they were presented with the sketch only. They 

agreed the model helps to present and sample the design concept in the design process. 

 

F. The understanding of the professionals and the students, between the model and 

the sketch 

The understanding of the model and the sketch, from the experts and the students is 

different. The technicians were in agreement on the model being better than the sketch 

in the design communication, but the students were inconsistent. The experts would 

prefer designers to present their design concepts to them by the model and the sketch, 

and rather than the sketch alone, due to the five advantages. From the professionals’ 

feedback, the model, in design communication, is understandable and better than the 

sketch, represents three-dimensional factors clearly, and is able to be used on sampling 

the design, and would be a valuable tool to adopt. 

 

G. Teaching skills in the workshop 

This research had defined that the teaching skills are one of the main challenges, from 

the workshop comments. The problems in teaching skills include four issues: clear 

introductions, the handouts, instructions and practical explanation on the steps. In the 

expert interviews, the clothing technicians shared their practical teaching experiences of 

larger classes. The technicians have used handouts, videos, short films and given 

practical instruction, which they feel, helps solve teaching problems.  

 

The professionals, who assisted the workshop, were concerned with the use of more 

visual images in the workshop steps: such as display of a completed model. Some of the 

students evaluated the method complicatedly, because they needed more visual images 

in the workshop. The professional suggested the author to display at least one 
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completed sculptural model beside the main entrances of the sewing workshop, that 

would give the students more visual ideals than those displayed in the corner. 

 

H. The method is not easy  

This method, for the student, is complicated because it was their first attempt in 

adopting the method, but for the experts, it was fine. It was also the first time for the 

professionals, but they have more general experience. They indicated they felt 

comfortable in adopting the method, and they expected the adopting time between two 

and eight hours. They agreed that, once the students adopted the method, it could be 

easier to use the next time.  

 

I. Summary of the experts’ qualitative interview 

The research investagated the interviews from the clothing experts to obtain additional 

qualitative feedback for the model and the sketch. The technicians agreed on fully 

understanding the three-dimensional factors of the model and using the model to make 

pattern pieces for sampling the design. All of them were in strong agreement that the 

model is better than the sketch, and that it represented the sketch equally in the design 

communication process. They would prefer designers to communicate their design 

concept to them by the model and the sketch rather than the sketch alone. The teaching 

skill is the key factor to align the method in the redevelopment step. They expected 

reducing the time of adopting the method. 

 

5.6.2 Aligning, refining and redevelopment the method 

Even though the understanding of the model and the sketch, from the students and the 

professionals, were different in the model being better than the sketch in the design 

communication, they were in agreement that the capabilities and the understandings of 

the method were comprehensible. Due to the model representing the three-dimensional 

factors of the sketch, the model and the sketch helped the designer to develop and 

communicate the design concepts in fashion design. The three workshop problems, 

which are listed below, are discussed in the following sections.  

• The card quality. 

• The teaching skills.  

• Time and team members. 
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5.6.2.1 Redeveloping the sculptural form giving method 

The method steps have remained stable (see Figure 5-23), but the card quality and the 

teaching skills are the two major parts to be redeveloped in the method. The arrows in 

Figure 5-23, which uses handouts, video, short films and showing practical instructions 

in teaching were represented improving the teaching quality for the method. In response 

to the feedback on card quality, the research recommended two styles of card to use. 

The first style, using the card that has 270 grams per square meter in the layers, is more 

stiff and easier to use in the model realisation stage. The second style, reducing the 

weight of the sculptural model, applies card of 270 grams per square meter in the 

vertical layers and 154 grams per square meter in the horizontal layers. 

 

Applying card of 270 grams per square meters on building the model and the handouts, 

video and practical instructions are used to improve the workshop quality. 

 

5.6.2.2 Recommendation of using the sculptural form giving method 

In the problem of the time and team members, the research recommendations have 

resulted in the three manageable group sizes, the team members and the times for users 

to adopt the method. These three recommendations will help the users in considering 

their situations to manage the time and team. The method process was made from the 

preparation stage to a completed model. 

• One user, who has over ten years of pattern-making experience, will take less 

than ten hours. 

• Two users will spend around eight hours. One of the users is an expert and the 

other with no pattern-making experience. 

• Three users, all of which have one year of pattern-making experience, will take 

approximately five hours. 
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5.6.2.3 Recommendation of the design process 

 
Figure 5-23 The process of the redeveloped method

Layers assembling 

A sculptural model 

The 
recommendation 

time of the 
calculation step is 

one hour. 

2D skirt shape sketch 

Space measurement 

Size measurement 

Pattern-making data 

Pattern-making 

Pattern cutting 

The 
recommendation 
time of the model 
realisation stage is 
to work within 4 

hours by group of 
three. 

Calculation 
by Excel 

Drawing the sketch on 
standard garment sheet 

Transferring the sketch on 
scale grid 

Space measurement from the 
standard sheet 

Entering space measurement 
data in Excel 2007 

Using prototypes  

Three limitations  

The arrows        represent to use video, film and practical explanation to the students.    
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5.6.2.4 The redeveloped method 

The research refined the two styles of card used, and the three arrangements of time and 

team members. These recommendations can be chosen by the users to manage the card, 

the time and the team. Then, the research aligned the qualities of teaching, which was a 

major problem as identified in the workshop comments. Aligning the teaching skills led 

to less misunderstandings of the method. The process of the redeveloped method was to 

remain as the original, but utilizing the teaching tools in the steps giving clear 

explanations.  
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Chapter 6.   Conclusion and Further Research 

6.1 Conclusion 

The trialling of the sculptural form giving method confirmed the successful achievement 

of the main research aims, in relation to the accurate modelling of the physical sample 

based on the design sketch. Four clothing experts and number workshop students credited 

the workshop results with demonstrating the method as having a high degree of 

capability, reliability and efficiency with regards to the dimensional transfer of the 

fashion design method. This method solved the three research problems, thus fulfilling 

the researcher’s aim; it can therefore be stated that it offers fashion designers and fashion 

design translators the possibility of representing a sketch by building an initial model. The 

great reliability of the method, its capability of solving the problems of distortion and loss 

in character, and improvements to the quality of the fashion design communication were 

the three main research results and are summarised below. 

 

A. Good reliability of the sculptural form giving method 

The method was shown to be reliable when tested by a great number of users and the 

research results were verified by four clothing experts. Sixty-six workshop students, two 

pre-testers and the author assessed the method by applying qualitative and quantitative 

methods. They not only agreed that the method was reliable, useful and efficient, but also 

pointed out that the method helped the designers to more freely develop their design 

concepts and express their creative ideas visually. The educational background of the 

attendants also enriched and revealed the great adoptability of the method, by 

demonstrating that whether users have just one-year experience, no experience or 

extensive knowledge of pattern-making the method is readily applicable. Fashion design 

participants especially achieved a good level of completion compared to fashion 

technology students (about 30% more), and rated the method more highly in the 

questionnaire. An analysis of these results against the different educational backgrounds 

of the students indicated that the three main reasons for the easier adoption of the model 

by design students were: 

• A first year course structure with more design elements 

• A three times higher number of teaching hours. 
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• A pre-University education in design as evidenced in the portfolio required for 

admission to design courses. 

 

All of the professionals stated that the representation of the sculptural form giving model 

in the design process was equal to the sketch. Consequently, the reliability of the method 

lies in its ability to establish a model that represents the sketch equally, helps formulate a 

creative concept and ideas and can be adopted by a broad range of users. 

 

B. Overcome the problems of distortion and missing design characters  

The researcher used measurement tools successfully to overcome the transfer gap 

between the dimensions, the distortion problem in the modelling and lack of character in 

the design process. This was done using the sketch scale grid and the standard garment 

sheet to take highly accurate measurements of the space and the size between the design 

sketch and the mannequin, to standardise and systematise mathematically the proportion 

and the silhouette of the sampling procedure. These two tools also solve the transfer 

problems of distortion and missing design characteristics, which redefine the design 

boundaries of the design sketch and the stand, adjust the scales and simplify the space and 

size measurements. The measurement tools not only carry the measuring concept of side 

views from the parallel design disciplines, but also represent a novel design methodology 

in fashion design. Furthermore, the tools ensure that the method works powerfully in 

assisting the realisation of asymmetrical designs on the four sides that the existing 

methods have difficulty to reach. 

 

C. Improving the quality of fashion design communication 

A large number of the workshop students agreed that adopting the physical model to 

present a design concept helped the others to understand their abstract design concept in a 

more concrete way. All of the clothing experts stated that using a model for design 

communication is understandable and better than using a sketch; it represents three-

dimensional factors clearly, and is applicable for use when sampling the design, and so 

would be a valuable tool to adopt. These professionals indicate that the physical model 

offers greater representation of the model in the design process, and that it is equal to the 

sketch, and more effective than using a sketch only.  
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To sum up, this research has demonstrated that the sculptural form giving method has a 

great capacity, reliability and efficiency for modelling an initial model with high accuracy 

and without distortion and missing design character, especially when proposing an 

asymmetric design on four sides. Fashion designers and fashion design translators are 

both benefitting from adopting the method to develop the design concept, formulate a 

creative idea and improve the quality of fashion design communication. 

 

6.2 Limitations of the research 

Developing the method and the workshop are the two major limitations to the research, 

which were discussed in the following sections.  

 

6.2.1 The sculptural form giving method 

Learning to make a skirt design is usually the first task in garment design, in 

‘dressmaking’ courses as it is a simple way to use the body parameters in pattern-making. 

The research aims and objectives were to understand the capability of the method. The 

author considered two advantages, which were drawing the skirt patterns needing few 

body parameters and varieties of the skirt shape, in understanding the method’s 

capability. The pattern-making step of the workshop was to apply the waist and hip size 

to draw the layers. In the design discipline, the students had learnt the skirt design and 

construction in the first year course. Therefore, they had comfort in adopting and 

evaluating the method in the workshop.  

 

The waist and hip size are the two key body parameters to illustrate variety of form in 

drawing the skirt shape. In the workshop, the students used ten layers on the prototypes to 

build the models, due to the reduced drawing time. The prototypes were developed from 

the waist and hip prototypes and represented the front and back levels from the 

mannequin. Even thought the students adopted the method on the simplest part of the 

garment design, they still evaluated that the method is not easy. As a result, the method 

deduced that the skirt shape was the best choice for the students to evaluate the capability 

of method. 
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6.2.1.1 Two limitations of the method 

Because of the research aims and objectives, the research was unable to solve two 

weaknesses, which are listed below: 

• Applying the method on the object that has more than three dimensions (Figure 

6.1 and Figure 6.2). 

• Utilizing the method in a garment design that is not a skirt design (Figure 6.3). 

                     
                                   Figure 6-1                                                                     Figure 6-2 

Figure 6-1 The front view sketch of group 26.    Figure 6-2 The four-dimensional shape of horn429. 

 
Figure 6-3 Applying the method with the arm parameters. 

Group 26 students pointed to the method having a weakness in four-dimensional design, 

which used the method in the calculation step. The students of group 26 designed the 

sketch as a shape within the shape. However, the method did not investigate establishing 

the relationships of the shapes, which took on four-dimensions. Finding a solution to the 

method, in designing a multi-dimensional sculptural model, is another subject compared 

with this research, so the research did not undergo development of a method to be used in 

multi-dimensions. The details of developing the method for a multi-dimensional 

sculptural model are to be discussed in the further suggestions. Due to the aims and 

                                                
429 This figure from www.people.com.cn/ "xz.people.com.cn/mediafile/200902/22/F220904221117281269218063.jpg." 

Retrieved 20 Nov, 2011. 
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objectives of the research, the research is still concerned with the relationships in the 

variations, the material (card) and the multi-dimensional model.  

 

6.2.2 Workshop 

The workshop limitations were divided into five parts, which were listed below.  

 

A. Workshop process 

The major limitation of the workshop process is the time. The lecturer on the pattern-

making course dictated a schedule for the workshop as a four hour pattern-making course. 

Nevertheless, with regard to the time, the lecturer agreed with the author running the two 

days workshop, which was to overlap with the course in the week before. The students 

were asked to attend one of the calculation sessions in the day one workshop. However, 

the research collected 26 percentages in feedback from the students that commented on 

the workshop time shortage. The workshop time of the students, who had adopt the 

method for the first time, should be considered more than the workshop. 

 

B. Workshop users 

Adopting the method required the three foundational aspects in the students’ dressmaking 

knowledge, which were pattern-making ability, knowledge of skirt design and drawing 

and sketching skills. Because the students had learnt the three skills in their first year of 

study, this was the reason to invite second year fashion design and fashion technology 

students to attend the workshop. The role of the students, as beginners, gave them 

freedom to evaluate the method’s capability. 

 

C. Questionnaire design: quantitative method 

The questionnaire design limited the data analysis. The research questionnaires were 

drawn to show the workshop results, which could not be used for further predictions. 

 

D. Group interview 

The group interview had two limitations, which were to hold one group interview only 

and the number of the selected groups. No students attended the second group interview, 

because the students were volunteers and the second group interview experienced bad 

weather condition. The research was concerned with the group interview quality and the 
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workshop time. The author selected a segment of the ‘extraordinary’ and the ‘ordinary’ 

sketch students for the group interview. 

 

6.3 Further suggestions 

The suggestions for further research are divided into five issues, which are listed below. 

• Further users to evaluate the capability of the method. 

• Redeveloping the method for the sketch and the model into multi-dimensional 

design. 

• Developing the structure design of the model: applying the method with the other 

body parameters in fashion design and understanding the capabilities of the 

method in other design disciplines. 

• Investigating the surface design of the model.  

• Developing the method in designing the structure and the surface.   

 

A. Further users to evaluate the capability of the method 

As the research results show, the background education is one of the key elements to 

adopt the method. The research developed the sculptural form giving method, which has 

been evaluated by the second year fashion design and fashion technology students only. 

The evaluations from the other users of design disciplines may be different in adopting 

the method. The suggestions for further research in Figure 6-4 are to investigate the eight 

types of users, which are professionals and students in fashion, architecture, visual 

communication and industrial design. The feedback from their prospective views will 

enrich the evaluation of the capabilities.  

 
Figure 6-4 The eight types of users in the design disciplines. 
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B. Redeveloping the method for the sketch and the model into multi-dimensional 

design 

Two major tasks, from developing the model structure, are to investigate the software and 

the capability of the method in designing the multi-dimensional sculptural form model. 

As the data analysis results show, the students and the professionals had a different 

understanding of the model and the sketch. The aim of the software would reduce the 

workshop time and the cognitive gap between the sketch and the model before the model 

realisation. The objectives of the software are to make a friendly interface in using the 

method and provide a visual panel to the users in Figure 6-5. The software illustrates 

whole views of the model, and then the users can adjust the simulated model in the 

calculation step to decease the cognitive gap between the model and the sketch.  

 
Left                                                           Right 

Figure 6-5 Left: The workshop process.   Right: Software assisting the workshop process.  
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This research demonstrates the capabilities of the method, between two-dimensional and 

three-dimensional design. However, investigating the method in designing a multi-

dimensions sketch is going to enrich the capability of the method. Further suggestions for 

using the method in the multi-dimensional sculptural model follow two issues: refining 

the relationship of the space and the shape in the calculation step and redeveloping 

method. If the method is able to give a solution to the multi-dimensional design, the 

method will be more powerful in the fashion design progress. 

 

Firstly, in the preparation step, drawing the details of a multi-dimensional model may 

need the user to redraw the sketch on the additional view of the standard grid. The design 

details of the multi-dimensions have to be illustrated and defined clearly in the 

preparation stage.  

 

Secondly, the calculation step is important to measure and calculate the multi-

dimensional shapes in the space measurement and the size measurement. The calculation 

of multi-dimensional design is more complicating than that of three-dimensional, such as 

the calculation building the relationships between the shape and the room. The calculation 

results, in the data set, should be made clearly, making it easier to read in the pattern-

making stage.   

 

Next, constructing a stable structure for the multi-dimensional sculptural model can be 

made on the experimental works of the variation and the structure. Moreover, 

understanding the three main tasks, which are the variations, the scale and card quality 

help to build a multi-dimensional model in the model realization. The variations of the 

multi-dimensional model and the card quality challenge the model’s structure more than 

that of the three-dimensional model. The scale, between the shape and the space, is a 

determining factor in the model structure. For example, the model structure of the mass of 

the space in a shape is different as a small space in the mass.  

 

For example, the experimental work building a four-dimensional shape has at least two 

options for the card choices. One uses a stiffer card but lighter weight for the model 

structure, which gives better support than that of heavy one. The other one is using the 

heavier card in the vertical layers and the lighter card in the horizontal layers, which 

illustrates the horizontal layers and gives less pressures on the verticals.  
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C. Developing the structure design of the model 

1. Applying the method with the other body parameters in fashion design  

This research applied the skirt modelling aspects of the method to understand the 

capabilities of the method. However, the capabilities of the method in skirt modelling 

are not enough for fashion designers. As well as the workshop comments, the 

interviewees pointed out the capability of the method in the other parts of garment 

design would be significant for designers. The interviewees expect a variety of forms 

in applying the method with the other body parameters in garment design. 

 

2. The capabilities of the method in other design disciplines 

The research interviewees also illustrated the usefulness of using the method, in the 

other design disciplines, such as art installations and furniture design. 

 

D. Investigating the surface design of the model 

Based on the method, employing the textile design on the model’s surface is the major 

task for transferring the design concepts creatively. The surface design of the model can 

be made mathematically, to measure the scale between the sketch and the model. 

 

E. Developing the method in designing the structure and the surface 

Utilizing the structure of the model and the surface of the textile design in the method is 

going to transfer the fashion sketch completely. The goal of the method is to help 

designers to present their design concepts completely from the sketch including the 

surface (textile design) and the structure (pattern techniques). The design process, 

combined with structure and surface design is shown in Figure 6-6. 
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Figure 6-6 The design process of combination the structure and surface in the method. 

 

Achieving a workable process for the accurate modelling of a physical sample based on 

the design sketch is the main achievement of this study. It offers fashion designers and 

fashion design translators a high degree of capability, reliability and efficiency in 
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quantitative and qualitative feedback from four professionals and 66 fashion design and 

fashion technology students, the sculptural form giving method not only proved capable 

of building an initial model to represent a sketch, but also showed potential to improve 

the quality of fashion design communication, thereby overcoming the problem of 

distortion and missing design character. Fashion design students adopted the method 

better than that fashion technology learners, meaning the method in its current form might 

be more suited to fashion practitioners with a creative focus. The study has high-lighted 

significant potential for further research such as investigating different potential users to 

evaluate the capability of the method for four-dimensional design disciplines, as well as 

for designing surface in addition to structure. 
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