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(ABSTRACT) 

Investigated in this research was the effect of different 

shoulder positions on different sleeve/bodice structures. 

Since a sleeve/bodice may have numerous variations and design 

details incorporated into the structure, this research 

concentrated on the set-in sleeve, kimono sleeve, raglan 

sleeve, and kimono sleeve with gusset. The variables used to 

determine the reaction of the different structures to 

different shoulder positions were garment slippage away from 

the wrist, the waist, the center back/waistline positions, and 

the angle formed by the center back/waistline intersection. 

A Factorial ANOVA was used to test for significant 

differences between the sleeve/bodice structures and shoulder 

positions. A Tukey's pairwise comparison was used to 

determined the difference between the slippage at each 

shoulder position and each sleeve/bodice structure compared 

with each of the others. Regression equations were fit as 

linear, quadratic and their interactions with each 

sleeve/bodice structure.



Based on the theoretical framework, the amount and 

location of the slippage found in the statistical analyses was 

not necessarily those predicted. From the analyses, it was 

determined that when comparing the slippage at the wrist, 

waist, center back/waistline location and the center/back 

angle as a whole, general trends which occurred in the data 

were that the set-in sleeve consistently exhibited the 

greatest amount of slippage and the kimono sleeve exhibited 

the least. From the plots of the regression coefficients, the 

amount of slippage illustrated for the raglan sleeve was of 

similar slope to that of the set-in sleeve, whereas the kimono 

sleeve with gusset was more closely related to the slippage of 

the kimono sleeve. 

The results of this study provide information that other 

clothing designers may find useful when developing 

sleeve/bodice structures based on specific shoulder positions. 

From known shoulder positions, a designer may determine which 

sleeve/bodice structure would exhibit the least or most 

garment slippage, or be able to predict the amount of garment 

slippage for a specific structure.
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CHAPTER I 

INTRODUCTION 

Normally the design of clothing has been concerned with 

covering the human body for aesthetic reasons. 

Historically, people have been more concerned with the 

appearance of a garment than with its functionality. With 

the increase in sports and concern for safety in the 

workplace, the functional aspects of a garment have also 

become important. 

In the development of functional apparel, the physical 

components of garments can be studied as individual parts. 

There is an abundance of information on the durability and 

thermal properties of fibers, fabrications, closures, and 

notions used in garments. The structural component of a 

garment has not been thoroughly investigated. The design or 

structure of a garment will impact its functionality. 

Design is a process by which apparel designers develop 

garments to meet specific needs of the wearer. A design 

process should guide the designer, in a series of steps, 

from the user's apparel needs through the evaluation of a 

final garment. At each step various methods and tests, such 

as physical testing of fabrics or identification of the 

physical movements of the wearer, can be used to advance the 

designer to the next step. Thus an operational framework 

can be developed for apparel design. 
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In previous design research, Mullet (1984) followed a 

process in which the perceived and physical needs of 

kayakers formed a basis for various paddling jacket designs. 

The movements of the kayakers were easily recorded. The 

translation of the movements into appropriate paddling 

jacket designs was based on the aesthetics of the designs, 

and on what the researcher thought would be the best garment 

structure for the movement. The only way that the jacket 

designs could be evaluated was to wear-test each jacket. 

Mullet (1984) identified a major problem in translating 

the data from the body movements into garment designs. She 

had to rely on her intuitive design capability since no 

procedures or data were available to determine the best 

garment design for the movements performed by the kayakers. 

The less a designer must rely on intuitive responses the 

more objective the design will become. To eliminate or 

reduce the need for intuitive solutions to a clothing 

problem, information or data should be available for others 

to use. Since freedom of body movement is necessary in many 

clothing designs, data which contribute to selecting apparel 

components based on body movements are useful. 

In this research, the shoulder complex of the body was 

selected for study for two reasons. First, the shoulder 

complex has the greatest range of movement of any joint area 

of the body and can he positioned in various planes of
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motion. The second reason for studying the shoulder complex 

was the variety of garment structural designs which can be 

developed to cover this area. 

When the body moves, the bones, muscles, joints, and 

skin reconfigure. A garment which covers the body can not 

duplicate the same actions as the body. The garment's 

reaction to body movement is to slip, wrinkle, stretch, or 

restrict the wearer. Information which can explain a 

garment's reaction to body movement would be useful. 

Therefore, the purpose of this study was to investigate the 

effects which various shoulder positions have on four 

different sleeve/bodice structures. 

Data from this study are expected to provide criteria 

by which designers could select sleeve designs based on 

known relationships of garment structures with body 

positions. Costly wear-testing or implementation of a 

number of possible design prototypes could then be reduced.



CHAPTER II 

REVIEW OF RELATED LITERATURE 

Background information about the apparel design process 

as it relates to body movements was necessary in order to 

establish a basis for this study. The review of literature 

includes the following topic areas: 1) apparel design 

processes; 2) apparel design related to body movements; 3) 

shoulder complex; and 4) designing sleeve/bodice structures. 

Apparel Design Processes 

Design is a term used in many different disciplines. 

Each discipline defines design in its own manner to 

communicate its purpose and concepts to others. For the 

artist, design may refer to the use of particular colors and 

lines in a painting. For the computer engineer, design may 

be the interfacing of various computer functions. For the 

apparel designer, the word may mean the use of specific 

techniques in the construction of a garment. Whatever the 

discipline, the word design denotes a certain action or 

outcome. 

Design is used either as a noun or a verb. As a noun, 

it refers to the object or final plan aimed at a specific 

purpose (Webster, 1990). Design used as a verb, is the 

process or steps to be followed to achieve a purpose 

4
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(Webster, 1990). When persons design an object or plan, the 

process used may be difficult for the designer to describe 

and therefore unclear to others. "Design is difficult to 

describe because it includes so many intangible elements 

such as intuition, imagination and creativity" (Zeisel, 

1981, p. 3). Though a person can observe the tangible 

process of developing a design, the design process which 

goes on within the mind of the designer is not as easily 

observed. "Describing the design process may help designers 

and teachers of design understand their own behavior and 

therefore improve their design ability" (Zeisel,1981, p. 5). 

Apparel design is usually divided into two categories, 

aesthetic and functional design. Aesthetic design is for 

appearance only. The purpose of an aesthetically designed 

garment is that it be visually pleasing. Aesthetic design 

is more difficult to define because of the difficultly in 

defining the term "aesthetic". Functional design is more 

easily defined since it deals with a garment's physical 

attributes in meeting specified criteria for particular use 

situations. 

There are certain advantages in describing a methodical 

design process. The first advantage is being able to break 

down a design process into various steps so that the 

designer can see and study each step. This enables others 

to understand and follow the development of the design. A
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second advantage is that data can be collected at various 

steps and then guide the designer to the next step. 

This study reviewed the apparel design processes which 

have been used in functional clothing design research. 

Designers of functional clothing have lent themselves to the 

use of apparel design processes in that the initial problem 

or need can be defined more objectively, and data collected 

more easily. The data collected at various steps are then 

used to design the final product. Though numerous 

researchers have developed or evaluated the effectiveness of 

specific apparel designs, their studies did not begin by 

identifying the original need or problem of the user (Brandt 

& Cory, 1989; Fourt & Hollies, 1970; Hoffman, 1979; Huck, 

1988; Kernaleguen, 1978; Laine, 1987; Lawson, 1985, Lopez, 

1985; Murray, 1982; Niehm, 1985; Sontag, 1985). Therefore, 

the apparel design process was not easily and systematically 

completed from beginning to end. 

For functional apparel design, Mullet (1984), Orlando 

(1979),and Watkins (1988) developed basic apparel design 

processes which evolved or were adapted from other 

disciplines. Their processes begin with a user need or 

problem, not with a preconceived garment design. Their 

processes provide an operational framework which takes the 

designer step-by-step from the initial clothing problem or 

need through the evaluation of the final design. Orlando



7 

and Watkins adapted theirs from design processes used in 

architecture. Orlando adapted her process from methods 

described by Jones (1970) in his book Design Methods. 

Watkins (1988) explained the use of the design process from 

the Universal Traveler (Koberg & Bagnall, 1981) as a basis 

for teaching students to become better clothing designers. 

Mullet (1984) adapted her apparel design process from 

education, using the needs assessment process of Kaufman and 

English (1979) as the basis for designing clothing for 

kayakers. In each of these processes similar steps were 

followed. Table 1 shows the similarities between these 

three design processes. 

In all three design processes the first step is to 

identify the apparel goal or need of the user. Aesthetic 

clothing design may ignore this step because the user's need 

is often subjective. Researchers in functional clothing 

design have studied various user groups. These include 

athletes (Garner, 1982; Laine, 1987; McCormick, 1986; 

Mullet, 1984; Watkins, 1977), the physically handicapped 

(Atkins, 1980; Niehn, 1985; Sontag, 1985) or workers in 

specific occupations (Ashdown, 1989; Vass, 1989; Watkins, 

1978; Workman, 1986). It is important in the first step to 

concentrate on defining the real need or problem of the 

user, and not necessarily on correcting an existing design. 

Data are collected through interviews with the users or



8 

Table 1 

Apparel Design Processes 

  

Orlando(1979) Watkins(1988) Mullet(1984) 

Step 1 Request Made Accept 

Step 2 Design Solution Analyze Identify Problem 
Explored Based on Needs 

Step 3 Problem Structure Define Determine Solution 
Perceived Requirements 

Step 4 Specifications Ideate Select Solution 
Described Strategies 

Step 5 Design Criteria Select Implement 
Established 

Step 6 Prototype Implement Determine 
Effectiveness 

Step 7 Evaluation Evaluate Evaluate/Revise 
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through a literature search. Biomechanical analysis, 

observations, or actual user participation are other 

methods. Data from this step are then used in the next step 

of the process. 

From the identified needs or problems, solutions are 

sought. A hierarchy is established to determine the most 

important need or solution. Orlando (1979) prioritized the 

solutions; Watkins (1988) and Mullet (1984) prioritized the 

needs or problems, then selected the solutions to solve the 

most important problems. This division of the needs or 

solutions enables others to identify more easily the mental 

design process which the designer performs. Watkins (1988) 

described the process by which solutions are developed and 

selected as ideation and idea selections. She described 

ideation as "the work designers do", and idea selection as 

the "creative part of the design process" ( p. 13). This 

step takes place within the mind of the designer. By 

describing and dividing the problem into smaller components, 

solutions can be selected or thought of more easily. 

The solutions to the problems are then combined to be 

used to form garment designs. This may be called 

implementation (Mullet, 1984; Watkins, 1988) or prototype 

development (Orlando,1979). Researchers have relied on 

intuitive or creative integration of the collected data. In 

the process used by Orlando (1979) this is the step where
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she creatively integrated the solutions. Mullet (1984) also 

integrated possible solutions to the identified problems and 

then eliminated possible garment designs based on intuitive 

reasoning as to which designs were acceptable. Watkins said 

that the "facts must be put together in a creative way that 

involves feeling the right choices and combinations" (p. 

13). Effective idea selection involves the successful 

integration of cognitive ideas based on facts, data and 

logic, and intuitive responses which are those that are 

subjective and sensory. Ashdown (1989), Laine (1987), 

McCormick (1986), Mullet (1984), and Vass (1989) studied 

garment designs developed from identified problems. 

Solutions to the clothing problems were developed through 

creative integration of what the researcher believed would 

satisfy the user's need. The only testing which is provided 

for in the implementation step is for the materials or 

fabrics used. 

The final step in the design processes used by Mullet 

(1984), Orlando (1979) and Watkins (1988) was evaluation. 

Though numerous researchers have evaluated the effectiveness 

of specific apparel designs, these designs were not 

developed by them (Fourt & Hollies, 1969; Huck, 1988; 

Lawson, 1985; Lopez, 1985; Murray, 1982). Their evaluations 

were based on the assumption that the apparel designs 

satisfied the needs of the users; the original user need was
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not identified for the research. Orlando, Mullet and 

Watkins each emphasized that the evaluation should be done 

against the original identified needs or problems of the 

user. To do this, the methods used in step one to collect 

data concerning the needs or problem would then be used to 

evaluate the design. The ultimate goal was to reduce or 

eliminate the original problem (Mullet, 1984). 

The purpose of describing an apparel design process is 

so others may use the procedure. Detailed design processes 

are available for apparel designers to follow. In the steps 

used, they have not eliminated the need for intuitive 

reasoning of solutions to particular apparel needs or 

problems. 

The less a designer must rely on the intuitive 

responses of an individual the more objective the design 

will become. To eliminate or reduce the need for intuitive 

solutions to a clothing problem, is to provide information 

or data for others to use. Since freedom of body movement 

is necessary in many clothing designs, data which contribute 

to selecting apparel components based on body movements are 

useful.
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Apparel Designs Based on Body Movement 

In an apparel design process, it is often necessary to 

develop a design which allows for freedom of motion. 

Factors which must be considered are the fit, the type of 

fabric to be used, and the activities for which the garment 

will be used. 

Garment Fit As Affected By Movement 

Fit is a term used in apparel design to describe how a 

garment sets on the body. Correct fit is evaluated by 

giving attention to line (an art element), balance (an art 

principle) and fabric ease (a fitting principle) (Liechty, 

Pottberg & Rasband, 1986). 

Ease is the garment fitting principle that allows for 

body movement. Ease is provided by incorporating additional 

length and width measurements in a garment that are beyond 

the basic body dimensions. Two types of ease that may be 

introduced into a basic pattern are designer ease and 

wearing ease. Designer ease is fullness added to a garment 

to change the style or silhouette. It is added for 

aesthetic purposes and may or may not enhance body 

movements. Designer ease is added to the basic sleeve and 

bodice patterns to form different structures such as the
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kimono or the raglan sleeves. The amount of designer ease 

needed in any pattern is not standardized, and is left to 

the discretion of the pattern designer (Farmer & Gotwals, 

1982). 

Wearing ease is the fullness needed for comfort and 

freedom of movement, permitting the garment to accommodate 

such natural body movements as breathing and swinging the 

arms (Liechty et al., 1986). It often involves minimal 

dimensional additions, since a garment that is too large 

will be annoying and limit comfort (The New Vogue Sewing 

Book, 1984). The precise amount of wearing ease ina 

garment is not standardized; authors may recommend varying 

amounts. Regardless of the design, one should be able to 

move without strain or restriction, and the garment should 

resume its natural position after movement without the need 

for adjustment (The Vogue Sewing Book of Fitting, 1972). 

Heisey, Brown and Johnson (1988) attempted to provide a 

theoretical framework for modelling the fitting process of a 

garment to the body. They were interested in using 

quantitative three dimensional data to develop a properly 

shaped pattern. From their theoretical framework, 

mathematical models were developed using the physical 

process of draping with the use of mapping and projection 

procedures. The model was used to produce three dimensional 

data needed to make the garment's pattern. They stated that
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the "functional relationship between the body and patterns 

has been almost entirely ignored" (p. 2). 

Heisey et al.(1988) made a distinction between what 

they refer to as " structural fit" and "functional fit". 

Structural fit was their primary concern. To achieve 

structural fit a pattern must be developed to accommodate 

the dimensions and contours of the stationary body. 

Functional fit data, classified as a fourth dimension, would 

be collected over a period of time while the body is in 

motion or in different positions. The researchers 

identified functional fit data as important, but addressed 

only structural fit in their study. 

The anatomical position has been the standard body 

position for which clothing is normally fitted. Since the 

body does not remain in this position, several researchers 

have experimented with fitting the garment while the body is 

in a static active position. Ashdown (1989) fitted garments 

to simulated body positions of asbestos abatement workers, 

and Garner (1982) fitted a jacket design to a man while he 

sat in a bicycling position. Because these garments were 

fitted to a static active position, the fit of the garment 

while in the anatomical position may not have been correct. 

Watkins (1984) states that when performance of the garment 

is critical to the livelihood or safety of the person, the 

appearance in the anatomical position may simply have to be
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accepted. By knowing the exact amount of ease needed for a 

specific activity, a designer has a greater chance of 

planning successful design features. 

Fabric Stretch As Affected By Movement 

Fabrics which stretch or expand with the body are used 

in apparel to allow for freedom of movement. "A fabric's 

ability to stretch is determined by its fiber content, yarn 

texturing and fabrication structure" (Ziegert & Keil, 1988, 

p. 54). In a woven fabric there is generally less stretch 

than in a knitted fabric. A plain weave fabric is the 

simplest construction form of woven fabric and is considered 

the most stable. 

A woven fabric is not thought to extend in either the 

Warp or weft direction unless a stretch fiber or yarn is 

used. However, when force is applied along the direction of 

the yarn the fabric can extend as much as a single yarn will 

allow. In most woven fabrics, the yarn structure ensures 

that a piece of fabric cut to the shape of a garment will 

"give" enough to be comfortable (Miller, 1984). 

The greatest amount of stretch in a woven fabric is 

along the true bias. True bias is a direction of 45 degrees 

to the warp or weft yarns. If tension is applied along



16 

this angle, the force is no longer along one yarn but a 

shearing action can take place between the yarns. Whenever 

there is tension along any diagonal in relation to the warp 

and weft yarns, there is a slipping action which can take 

place, but the greatest stretch is when the force is along 

the true bias. 

Research has been conducted to determine the structural 

mechanics of fibers and yarns in fabric, but only in one or 

two dimensions. Heisey and Halley (1988) said that 

obstacles in developing a method of fitting fabric to a 

three dimensional object have been the inability to specify 

unambiguously the three dimensional objects, and the 

computational intensity of modeling the physical mechanism 

of fabric conformation. 

One approach to providing for body movement has been to 

use a stretch fabric. To determine the amount of fabric 

stretch needed in a garment, Kirk and Ibrahim (1966) 

measured the elongation and contraction of the skin at 

specific body areas. They maintained that comfort is 

achieved by reducing garment constraint on the body through 

increased fabric stretch. By measuring how much the skin 

stretched in certain areas of the body, such as over the 

knee cap and the elbows, these data could be used in 

identifying how much stretch was needed in a garment's 

fabric. Following the conceptual equation: Body Skin Strain
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= Garment Fit + Garment Slip + Fabric Stretch, stretch 

garments were made based on the body skin strain. The 

researchers found that, given the same garment style, 

subjects preferred garments made with a high stretch fabric. 

The purpose of Kirk and Ibrahim's (1966) study was to 

identify fabric stretch properties which are necessary for 

body movement. The other variables of the Body Skin Strain 

equation, Garment Fit and Garment Slip, were held constant. 

They stated: "Garment Fit and Slip are affected by the ratio 

of garment size to body size, and by the nature of the 

garment design" (p. 40). 

The garment design affects the fit of the garment and 

therefore the movement which can be performed. Kirk and 

Ibrahim (1966) were interested in determining the amount of 

fabric stretch in a garment that was the most comfortable to 

the wearer. However, not all garments can be made from 

stretch fabric. Other fabric properties, such as being 

waterproof or bullet-proof, may be needed or be more 

desirable for the garment design. 

Ziegert and Keil (1988) also investigated the 

relationship between garment fit and fabric stretch. These 

researchers were interested in a system that adjusted a flat 

pattern for woven fabrics into a modified pattern for use 

with any stretch fabric. A process of fabric testing was 

developed and the results were used to modify a flat
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pattern. As in the Kirk and Ibrahim study, the variable of 

interest was the fabric used in the garment, not the 

garment's structure. 

When a major function of a garment is to allow for 

freedom of movement, both ease and fabric stretch are 

important. However, the garment's structure is an important 

factor in determining the comfort and fit of the final 

design. 

Movement As A Basis For Garment Design 

The study of body movement related to garment design 

has focused on three areas. One area has been the impedance 

of body movement based on the type of clothing worn. A 

premise of much of the research has been that clothing 

should be studied as a whole system, with the body in motion 

(Brown, 1954; “Effects of Layers", 1977; Huck, 1988; 

Teitlebaum & Goldman, 1972). The research has dealt with 

mechanical impedance of the body based on the clothing a 

subject wore. 

Brown (1954) was concerned with the effects of clothing 

on the use of the arm and shoulder. She assumed that 

garments placed undue strain on the body in motion, and 

concluded from her study that the range of motion and the 

push endurance of the arm and shoulder were affected by



19 

clothing. The garment used was a wool fleece-lined jacket 

and no consideration was given to the fit of the jacket on 

the individual subjects. 

Huck (1988) illustrated the application of the 

Leighton Flexometer for the measurement of restriction to 

body movement caused by wearing protective clothing and 

equipment. The Leighton Flexometer is a gravity goniometer 

and was used because of its ease in application and 

reliability in determining the range of motion. From this 

study it was determined that there were significant 

differences in restriction to body movement between 

protective clothing designs. The differences were explained 

as a function of the type and layers of materials used since 

the structures of the garments were very similar. 

In a study on the effects of clothing on motor 

performance, researchers found that, 

The flexibility tasks involving movement of the arms 
and shoulder in either the frontal or sagittal plane of 
the body... resulted in a worsening of the performance 
as layers were added to the torso. [The upper arm 
abduction task] involves an upward pull on the upper 
and lower torso clothing. Performance levels would 
seem to be affected by the ease with which the clothing 
moves upward as the arms are abducted. Upper arm 
forward extension was affected by the number of 
clothing layers. Restrictions imposed by the clothing 
in the arm-shoulder area would be more critical during 
upper arm abduction than during upper arm forward 
extension. ("Effects of Layers", 1977, pp. 57-58) 

Teitlebaum and Goldman (1972) compared the metabolic 

"costs" of two groups of subjects walking on a treadmill.
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One group wore multiple layers of clothing while the other 

group wore a weighted belt which provided the same 

additional weight as the clothing. The conclusion was that 

the group wearing the layers of clothing expended more 

energy because of the frictional drag between the multiple 

clothing layers and/or an interference with body joint 

movements caused by bulky clothing. 

These studies showed that clothing as a whole could 

impede body movement (Brown, 1954; "Effects of Layers", 

1977; Huck, 1988; Teitlebaum & Goldman, 1972). 

Recommendations given in these studies were based on the 

number of clothing layers or types of fabrics used. No 

recommendations were given as to how a garment's structure 

could be changed or evaluated. 

A second area of study has been to investigate changes 

which occur in a garment when various movements are 

performed by the subject. Studies have been done that 

started with a garment structure, and then modified the 

structure as the body assumed various body positions. 

Atkins (1980) used a human-scale articulating plastic 

mannequin dressed in a close fitting basic garment with the 

armscye seam attached only at the shoulder to act as a pivot 

point. Gaps around the armscye were measured as shoulder 

flexion, hyperextension and abduction were performed. In 

this study,
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The underarm gap which occurred with shoulder 
abduction was relatively symmetrical. The underarm 
gaps which occurred with shoulder flexion and 
hyperextension were much more asymmetrical, with the 
posterior portion of the gap being wider for shoulder 
flexion and the anterior portion being wider for 
hyperextension. Linear measurements were made of the 
gap shapes which occurred. Those for shoulder flexion, 
hyperextension and abduction were made at the underarm 
seam of the sleeve/side seam of the bodice. (Atkins, 
1980, p. 142) 

She noted that a problem with her research was that 

inaccurate results were obtained from the mannequin when 

compared to tests made with humans. Additional studies were 

recommended, using human subjects to determine the effects 

of changes in body position on garments. 

In a similar procedure, Ashdown (1989) tried to 

develop protective coveralls for asbestos abatement crews. 

She slashed the coveralls and recorded the gaps that 

occurred when the workers moved. The gaps then provided 

information as to where additional ease was needed in the 

garment. However,the additional ease was added to various 

garment structures because no data were found which could 

eliminate a garment structure based on its possible limited 

range of motion. 

Researchers in a third area of study have dealt with 

analyzing the body movement and then recommending a garment 

design based on those movements. Researchers in this area 

have tended to base their design recommendations on the 

preconceived notion of which garment structures would be
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Suitable for the movement performed (Hoffman, 1979; 

Kernaleguen, 1980; Mullet, 1984; McCormick, 1986; Renbourn, 

1972; Slocum & Shern, 1986). 

Texts that address the clothing needs of the physically 

handicapped make reference to the types of garment 

structures that do not restrict shoulder motion (Hoffman, 

1979; Kernaleguen, 1980; Renbourn, 1972). No evidence has 

been found to support these texts. The raglan and kimono 

sleeves and sleeves with inserted gussets or action pleats 

are mentioned as structures that allow for ease of movement 

(Hoffman, 1979; Kernaleguen, 1980; Renbourn, 1972). These 

authors do not explain how or what movements can be 

performed in the structures. No explanation is given as to 

why other sleeve/bodice structures are not as well suited 

for ease in movement. 

Researchers often make assumptions concerning the body 

mobility in sleeve/bodice structures based on personal 

experience. Research conducted by Mullet (1984) involved 

analyzing the body movements of kayakers for the design of 

paddling jackets. Movements were analyzed without garments 

being worn, and recommendations for the sleeve/bodice 

structures were based on the researcher's design knowledge. 

Action pleats, gussets and raglan sleeve structures were 

recommended for freedom of movement. It was stated that the
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evaluation of the structures would require a wear-test to 

determine the effectiveness of each garment. 

McCormick (1986) analyzed the body movements of 

cheerleaders to determine which garment designs would be 

appropriate for the selected activity. The range of motion 

was the determinant of the garment designs selected. No 

explanation other than to accommodate movement was given for 

why the action sleeve (drop shoulder), as opposed to other 

sleeve designs, was selected for the warm-up jacket design. 

In the development of protective clothing for lawn 

specialists, Slocum and Shern (1986) were primarily 

concerned with prevention of dermal absorption of chemicals. 

They analyzed the movement performed by lawn specialists to 

determine where and how chemicals were deposited on the 

body. Specific sleeve types and action pleats were selected 

to be used in prototype designs. It was not clear how these 

design features were determined to be the most suitable for 

the movements analyzed. Evaluation of the designs could not 

be done until a final wear-test was conducted. 

Clothing design researchers have used body movement or 

position to investigate the fit of the garment, to recommend 

the type of fabric to be used in the garment, and to make 

recommendations as to overall garment design. Further 

understanding of how body movement could be a basis for 

garment designs, and how the body performs various movements
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�a�r�e� �o�f� �i�m�p�o�r�t�a�n�c�e�.� �T�h�e� �a�r�e�a� �o�f� �t�h�e� �b�o�d�y� �w�i�t�h� �t�h�e� �g�r�e�a�t�e�s�t� 

�r�a�n�g�e� �o�f� �m�o�v�e�m�e�n�t�,�f�o�r� �w�h�i�c�h� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �g�a�r�m�e�n�t� 

�s�t�r�u�c�t�u�r�e�s� �c�a�n� �b�e� �p�r�o�d�u�c�e�d� �t�o� �c�o�v�e�r� �t�h�e� �a�r�e�a� �i�s� �t�h�e� �s�h�o�u�l�d�e�r� 

�c�o�m�p�l�e�x�.� 

�T�h�e� �S�h�o�u�l�d�e�r� �C�o�m�p�l�e�x� 

�T�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �i�s� �c�o�m�p�o�s�e�d� �o�f� �f�o�u�r� �j�o�i�n�t�s� �a�n�d� �t�h�e� 

�r�e�l�a�t�e�d� �b�o�n�e�s�,� �m�u�s�c�l�e�s� �a�n�d� �l�i�g�a�m�e�n�t�s� �t�h�a�t� �f�o�r�m� �t�h�i�s� �a�r�e�a� �o�f� 

�t�h�e� �h�u�m�a�n� �b�o�d�y�.� �T�h�e� �f�o�u�r� �j�o�i�n�t�s� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �a�r�e� 

�t�h�e� �g�l�e�n�o�h�u�m�e�r�a�l�,� �t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r�,� �t�h�e� 

�s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� �a�n�d� �t�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �(�F�i�g�u�r�e� �1�)�.� �A�t� 

�t�h�e�s�e� �j�o�i�n�t�s� �o�n�e� �f�i�n�d�s� �t�h�e� �a�r�t�i�c�u�l�a�r� �s�u�r�f�a�c�e�s� �o�f� �t�h�e� 

�h�u�m�e�r�u�s�,� �t�h�e� �c�l�a�v�i�c�l�e�,� �t�h�e� �s�c�a�p�u�l�a� �a�n�d� �t�h�e� �s�t�e�r�n�u�m� �(�F�i�g�u�r�e� 

�1�)�.� �W�i�t�h�i�n� �t�h�i�s� �c�o�m�p�l�e�x�,� �t�h�e� �s�h�a�p�e�s� �o�f� �t�h�e� �a�r�t�i�c�u�l�a�t�i�n�g� 

�s�u�r�f�a�c�e�s�,� �t�h�e� �l�i�g�a�m�e�n�t�s�,� �a�n�d� �t�h�e� �j�o�i�n�t� �c�a�p�s�u�l�e�s� �a�r�e� �c�r�i�t�i�c�a�l� 

�a�n�a�t�o�m�i�c�a�l� �s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�r�e�e�d�o�m� �o�f� 

�m�o�v�e�m�e�n�t� �t�h�a�t� �c�a�n� �o�c�c�u�r� �b�e�t�w�e�e�n� �t�h�e� �v�a�r�i�o�u�s� �s�u�r�f�a�c�e�s� 

�(�S�c�h�e�n�k�m�a�n� �&� �R�u�g�o� �D�e� �C�a�r�t�a�y�a�,� �1�9�8�7�)�.� �T�h�e� �m�o�v�e�m�e�n�t�s� �w�i�t�h�i�n� 

�t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �m�a�y� �b�e� �d�e�s�c�r�i�b�e�d� �a�s� �t�a�k�i�n�g� �p�l�a�c�e� �i�n� �o�n�e� 

�o�f� �t�h�e� �t�h�r�e�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�:� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e�,� �t�h�e� 

�f�r�o�n�t�a�l� �p�l�a�n�e� �a�n�d� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e� �(�F�i�g�u�r�e� �2�)�.� 

�F�l�e�x�i�o�n�/�e�x�t�e�n�s�i�o�n� �a�r�e� �t�h�e� �m�o�v�e�m�e�n�t�s� �w�h�i�c�h� �t�a�k�e� �p�l�a�c�e� �i�n� �t�h�e� 

�S�a�g�i�t�t�a�l� �p�l�a�n�e�;� �a�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e�;
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�F�i�g�u�r�e� �1� 

�B�o�n�e�s� �a�n�d� �J�o�i�n�t�s� �o�f� �t�h�e� �S�h�o�u�l�d�e�r� �C�o�m�p�l�e�x
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�2�7� 

�a�n�d� �h�o�r�i�z�o�n�t�a�l� �a�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�.� 

�F�o�r� �t�h�i�s� �s�t�u�d�y�,� �e�a�c�h� �j�o�i�n�t� �a�n�d� �t�h�e� �m�o�v�e�m�e�n�t�s� �p�e�r�f�o�r�m�e�d� �b�y� 

�e�a�c�h� �j�o�i�n�t� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d�,� �t�h�e�n� �t�h�e� �m�o�v�e�m�e�n�t�s� �i�n� �e�a�c�h� 

�p�l�a�n�e� �o�f� �m�o�t�i�o�n�.� 

�T�h�e� �g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t� �i�s� �t�h�e� �a�r�t�i�c�u�l�a�t�i�o�n� �o�f� �t�h�e� 

�h�u�m�e�r�u�s� �a�n�d� �t�h�e� �s�c�a�p�u�l�a�.� �T�h�i�s� �j�o�i�n�t� �a�l�l�o�w�s� �f�o�r� �m�o�v�e�m�e�n�t�s� �o�f� 

�f�l�e�x�i�o�n�/�e�x�t�e�n�s�i�o�n�,� �a�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n�,� �a�n�d� �m�e�d�i�a�l�/�l�a�t�e�r�a�l� 

�r�o�t�a�t�i�o�n� �o�f� �t�h�e� �h�u�m�e�r�u�s�.� �F�o�r� �f�l�e�x�i�o�n�,� �t�h�e� �h�u�m�e�r�u�s� �i�s� �m�o�v�e�d� 

�f�o�r�w�a�r�d� �t�h�r�o�u�g�h� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e� �f�r�o�m� �0� �d�e�g�r�e�e�s� �i�n� �t�h�e� 

�a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� �t�o� �1�8�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �o�v�e�r�h�e�a�d� �p�o�s�i�t�i�o�n�.� 

�E�x�t�e�n�s�i�o�n� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �h�u�m�e�r�u�s� �i�s� �m�o�v�e�d� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� 

�p�l�a�n�e�,� �f�r�o�m� �t�h�e� �s�i�d�e� �o�f� �t�h�e� �b�o�d�y� �b�a�c�k�w�a�r�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�4�5� �d�e�g�r�e�e�s�.� �A�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n� �a�r�e� �m�o�v�e�m�e�n�t�s� �s�i�m�i�l�a�r� �t�o� 

�f�l�e�x�i�o�n�/�e�x�t�e�n�s�i�o�n�,� �b�u�t� �o�c�c�u�r� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� 

�(�F�i�g�u�r�e� �2�)�.� �A�b�d�u�c�t�i�o�n� �i�s� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �h�u�m�e�r�u�s� �a�w�a�y� 

�f�r�o�m� �t�h�e� �m�i�d�l�i�n�e� �o�f� �t�h�e� �b�o�d�y�,� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �a�n�g�l�e� �b�e�t�w�e�e�n� 

�t�h�e� �h�u�m�e�r�u�s� �a�n�d� �t�h�e� �b�o�d�y�.� �L�i�f�t�i�n�g� �t�h�e� �a�r�m� �d�i�r�e�c�t�l�y� �t�o� �t�h�e� 

�s�i�d�e� �o�f� �t�h�e� �b�o�d�y� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �i�s� 

�a�b�d�u�c�t�i�o�n�.� �A�d�d�u�c�t�i�o�n� �i�s� �t�h�e� �l�o�w�e�r�i�n�g� �t�h�e� �a�r�m� �t�o�w�a�r�d� �t�h�e� 

�b�o�d�y�.� �L�a�t�e�r�a�l� �a�n�d� �m�e�d�i�a�l� �r�o�t�a�t�i�o�n�s� �a�r�e� �t�h�e� �r�o�l�l�i�n�g� �o�f� �t�h�e� 

�h�u�m�e�r�u�s� �d�u�e� �t�o� �i�t�s� �p�o�s�i�t�i�o�n�i�n�g� �i�n� �t�h�e� �g�l�e�n�o�i�d� �f�o�s�s�a� �o�f� �t�h�e� 

�s�c�a�p�u�l�a�.� �T�h�e� �h�u�m�e�r�u�s� �r�o�l�l�s� �t�o�w�a�r�d� �t�h�e� �b�o�d�y� �i�n� �m�e�d�i�a�l� 

�r�o�t�a�t�i�o�n� �a�n�d� �a�w�a�y� �f�r�o�m� �t�h�e� �b�o�d�y� �i�n� �l�a�t�e�r�a�l� �r�o�t�a�t�i�o�n�.� �T�h�e� 

�e�x�t�e�n�t� �o�f� �h�u�m�e�r�a�l� �r�o�t�a�t�i�o�n� �v�a�r�i�e�s� �w�i�t�h� �t�h�e� �d�e�g�r�e�e� �o�f



�2�8� 

�e�l�e�v�a�t�i�o�n� �i�n� �a�b�d�u�c�t�i�o�n� �o�r� �f�l�e�x�i�o�n� �(�K�e�n�d�a�l�l�,� �K�e�n�d�a�l�l� �&� 

�W�a�d�s�w�o�r�t�h�,� �1�9�7�1�)�.� 

�A�t� �t�h�e� �l�a�t�e�r�a�l� �e�n�d� �o�f� �t�h�e� �c�l�a�v�i�c�l�e� �i�s� �t�h�e� 

�a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t� �w�h�i�c�h� �i�s� �a� �g�l�i�d�i�n�g� �j�o�i�n�t�,� �s�i�m�i�l�a�r� �t�o� 

�t�h�e� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r�.� �A�t� �t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t�,� �t�h�e� 

�a�c�r�o�m�i�o�n� �o�f� �t�h�e� �s�c�a�p�u�l�a� �i�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �c�l�a�v�i�c�l�e�.� �T�h�i�s� 

�j�o�i�n�t� �h�a�s� �l�i�m�i�t�e�d� �m�o�t�i�o�n� �a�n�d� �i�t�s� �p�r�i�m�a�r�y� �f�u�n�c�t�i�o�n� �i�s� �t�o� 

�m�a�i�n�t�a�i�n� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �c�l�a�v�i�c�l�e� �a�n�d� �s�c�a�p�u�l�a� 

�(�N�o�r�k�i�n� �&� �L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� �T�h�e� �m�o�v�e�m�e�n�t�s� �a�r�e� �a� �g�l�i�d�i�n�g� 

�m�o�t�i�o�n� �o�f� �t�h�e� �c�l�a�v�i�c�l�e� �o�n� �t�h�e� �a�c�r�o�m�i�o�n� �a�n�d� �t�h�e� �r�o�t�a�t�i�o�n� �o�f� 

�t�h�e� �s�c�a�p�u�l�a� �f�o�r�w�a�r�d� �a�n�d� �b�a�c�k�w�a�r�d� �u�p�o�n� �t�h�e� �c�l�a�v�i�c�l�e� �(�G�r�a�y� 

�1�9�4�8�)�.� �W�h�e�n� �t�h�e� �a�r�m� �i�s� �e�l�e�v�a�t�e�d�,� �t�h�i�s� �j�o�i�n�t� �a�l�l�o�w�s� �t�h�e� 

�s�c�a�p�u�l�a� �t�o� �r�o�t�a�t�e� �o�r� �s�l�i�d�e� �s�i�d�e� �t�o� �s�i�d�e�.� �M�o�v�e�m�e�n�t�s� �t�h�r�o�u�g�h� 

�t�h�i�s� �j�o�i�n�t� �a�r�e� �d�o�n�e� �w�i�t�h� �m�o�v�e�m�e�n�t�s� �o�f� �o�t�h�e�r� �j�o�i�n�t�s� �o�f� �t�h�e� 

�s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x�.� 

�T�h�e� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t� �i�s� �t�h�e� �l�i�n�k�a�g�e� �b�e�t�w�e�e�n� �t�h�e� 

�s�t�e�r�n�a�l� �e�n�d� �o�f� �t�h�e� �c�l�a�v�i�c�l�e� �a�n�d� �t�h�e� �m�a�n�u�b�r�i�u�m� �o�f� �t�h�e� �s�t�e�r�n�u�m� 

�(�F�i�g�u�r�e� �1�)�.� �T�h�i�s� �j�o�i�n�t� �i�s� �t�h�e� �o�n�l�y� �p�o�i�n�t� �o�f� �a�r�t�i�c�u�l�a�t�i�o�n� �o�f� 

�t�h�e� �s�h�o�u�l�d�e�r� �w�i�t�h� �t�h�e� �t�r�u�n�k�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �i�s� �t�h�e� �c�e�n�t�e�r� 

�f�r�o�m� �w�h�i�c�h� �a�l�l� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �o�r�i�g�i�n�a�t�e� 

�(�G�r�a�y�,� �1�9�4�8�)�.� �T�h�e� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� 

�e�l�e�v�a�t�i�o�n�/�d�e�p�r�e�s�s�i�o�n�,� �p�r�o�t�r�a�c�t�i�o�n�/�r�e�t�r�a�c�t�i�o�n� �a�n�d� �r�o�t�a�t�i�o�n� �o�f� 

�t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x�.� �T�h�e�s�e� �m�o�v�e�m�e�n�t�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �t�h�e� �u�p� 

�o�r� �d�o�w�n� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �c�l�a�v�i�c�l�e� �i�n� �e�l�e�v�a�t�i�o�n�/�d�e�p�r�e�s�s�i�o�n�;� 

�t�h�e� �f�o�r�w�a�r�d� �a�n�d� �b�a�c�k�w�a�r�d� �m�o�v�e�m�e�n�t� �i�n� �p�r�o�t�r�a�c�t�i�o�n�/�r�e�t�r�a�c�t�i�o�n



�2�9� 

�a�n�d� �t�h�e� �c�i�r�c�u�l�a�r� �m�o�v�e�m�e�n�t� �i�n� �r�o�t�a�t�i�o�n�.� �I�n� �e�a�c�h� �o�f� �t�h�e�s�e� 

�m�o�v�e�m�e�n�t�s�,� �t�h�e� �c�l�a�v�i�c�l�e� �r�o�l�l�s� �o�r� �r�e�v�o�l�v�e�s� �o�n� �t�h�e� �a�r�t�i�c�u�l�a�r� 

�s�u�r�f�a�c�e� �o�f� �t�h�e� �s�t�e�r�n�u�m�.� �T�h�e� �r�a�n�g�e� �o�f� �m�o�t�i�o�n� �o�f� �t�h�e� �c�l�a�v�i�c�l�e� 

�a�v�e�r�a�g�e�s� �4�5� �d�e�g�r�e�e�s� �o�f� �e�l�e�v�a�t�i�o�n� �a�n�d� �1�5� �d�e�g�r�e�e�s� �d�e�p�r�e�s�s�i�o�n�,� 

�a�b�o�u�t� �1�5� �d�e�g�r�e�e�s� �i�n� �b�o�t�h� �p�r�o�t�r�a�c�t�i�o�n� �a�n�d� �r�e�t�r�a�c�t�i�o�n�,� �a�n�d� �3�0� 

�d�e�g�r�e�e�s� �o�f� �r�o�t�a�t�i�o�n� �(�N�o�r�k�i�n� �&� �L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� 

�T�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t� �i�s� �n�o�t� �a� �t�r�u�e� �a�n�a�t�o�m�i�c�a�l� 

�j�o�i�n�t�,� �b�u�t� �r�a�t�h�e�r� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �o�f� �t�h�e� �s�c�a�p�u�l�a� �o�v�e�r� �t�h�e� 

�r�i�b�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �o�f� �t�h�e� �s�c�a�p�u�l�a� �t�o� �t�h�e� 

�c�l�a�v�i�c�l�e� �t�h�r�o�u�g�h� �t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�l�e� �o�r� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� 

�j�o�i�n�t�s�,� �a�n�y� �m�o�v�e�m�e�n�t� �o�f� �t�h�e�s�e� �j�o�i�n�t�s� �r�e�s�u�l�t�s� �i�n� �m�o�v�e�m�e�n�t� �o�f� 

�t�h�e� �s�c�a�p�u�l�a� �(�N�o�r�k�i�n� �&� �L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� �M�o�v�e�m�e�n�t�s� �o�f� �t�h�e� 

�s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t� �a�r�e� �e�l�e�v�a�t�i�o�n�/�d�e�p�r�e�s�s�i�o�n�,� 

�a�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n� �a�n�d� �u�p�w�a�r�d�/�d�o�w�n�w�a�r�d� �r�o�t�a�t�i�o�n�.� �T�h�e� 

�e�l�e�v�a�t�i�o�n�/�d�e�p�r�e�s�s�i�o�n� �i�s� �t�h�e� �m�o�v�e�m�e�n�t� �u�p� �o�r� �d�o�w�n� �o�f� �t�h�e� 

�s�c�a�p�u�l�a�.� �T�h�e� �a�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n� �i�s� �t�h�e� �s�l�i�d�i�n�g� �o�f� �t�h�e� 

�s�c�a�p�u�l�a� �t�o�w�a�r�d� �o�r� �a�w�a�y� �f�r�o�m� �t�h�e� �s�p�i�n�e�.� �R�o�t�a�t�i�o�n� �o�f� �t�h�e� 

�s�c�a�p�u�l�a� �r�e�s�u�l�t�s� �i�n� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �i�n�f�e�r�i�o�r� �a�n�g�l�e� �o�f� �t�h�e� 

�s�c�a�p�u�l�a� �t�o�w�a�r�d� �o�r� �a�w�a�y� �f�r�o�m� �t�h�e� �s�p�i�n�e� �i�n� �a�n� �a�r�c�.� �T�h�e� 

�u�l�t�i�m�a�t�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t� �i�s� �t�o� 

�m�a�i�n�t�a�i�n� �s�c�a�p�u�l�a�r� �s�t�a�b�i�l�i�t�y� �w�h�e�n� �t�h�e� �o�t�h�e�r� �j�o�i�n�t�s� �m�o�v�e� �a�n�d� 

�t�o� �p�r�o�v�i�d�e� �g�r�e�a�t�e�r� �r�a�n�g�e� �o�f� �m�o�t�i�o�n� �a�t� �e�a�c�h� �j�o�i�n�t� �(�N�o�r�k�i�n� �&� 

�L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� 

�T�h�e� �j�o�i�n�t�s� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �w�o�r�k� �t�o�g�e�t�h�e�r� �i�n�a� 

�c�o�o�r�d�i�n�a�t�e�d� �m�a�n�n�e�r� �s�o� �t�h�e� �a�r�m� �m�a�y� �b�e� �m�o�v�e�d� �s�m�o�o�t�h�l�y� �t�h�r�o�u�g�h



�3�0� 

�t�h�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�.� �T�h�e�r�e� �i�s� �c�o�n�f�l�i�c�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�s� 

�t�o� �t�h�e� �e�x�a�c�t� �a�n�g�l�e� �a�t� �w�h�i�c�h� �e�a�c�h� �j�o�i�n�t� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� 

�c�o�m�p�l�e�x� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �a�r�m�.� �T�a�b�l�e� �2� 

�s�u�m�m�a�r�i�z�e�s� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� 

�j�o�i�n�t�s� �w�h�e�n� �t�h�e� �a�r�m� �a�s�s�u�m�e�s� �d�i�f�f�e�r�e�n�t� �p�o�s�i�t�i�o�n�s�,� �a�s� �r�e�p�o�r�t�e�d� 

�b�y� �N�o�r�k�i�n� �a�n�d� �L�e�v�a�n�g�i�e� �(�1�9�8�3�)�.� 

�I�n� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n�,� �t�h�e� �f�i�r�s�t� �3�0� �d�e�g�r�e�e�s� 

�o�f� �f�l�e�x�i�o�n� �t�a�k�e� �p�l�a�c�e� �a�t� �t�h�e� �g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t� �(�S�a�r�r�a�f�i�a�n�,� 

�1�9�8�3�)�.� �N�o� �o�t�h�e�r� �a�r�e�a� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �m�o�v�e�s�.� �A�f�t�e�r� �t�h�e� 

�i�n�i�t�i�a�l� �3�0� �d�e�g�r�e�e�s�,� �t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �a�n�d� �t�h�e� 

�s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t�s� �e�n�a�b�l�e� �t�h�e� �s�c�a�p�u�l�a� �t�o� �e�l�e�v�a�t�e� �a�n�d� 

�s�l�i�d�e� �a�b�o�u�t� �t�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t�.� �T�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� 

�j�o�i�n�t� �i�s� �n�o�t� �a� �t�r�u�e� �j�o�i�n�t�,� �b�u�t� �i�s� �t�h�e� �r�i�d�i�n�g� �o�f� �t�h�e� �a�n�t�e�r�i�o�r� 

�s�u�r�f�a�c�e� �o�f� �t�h�e� �s�c�a�p�u�l�a� �o�n� �t�h�e� �r�i�b� �c�a�g�e� �(�P�e�a�t�,� �1�9�8�6�)�.� �T�h�i�s� 

�j�o�i�n�t� �a�l�l�o�w�s� �t�h�e� �s�c�a�p�u�l�a� �t�o� �s�l�i�d�e� �a�n�d� �r�o�t�a�t�e�.� �A�f�t�e�r� �6�0� 

�d�e�g�r�e�e�s� �o�f� �f�l�e�x�i�o�n�,� �t�h�e� �r�a�t�i�o� �b�e�t�w�e�e�n� �t�h�e� �s�c�a�p�u�l�a� �u�p�w�a�r�d� 

�r�o�t�a�t�i�o�n� �a�n�d� �t�h�e� �h�u�m�e�r�u�s� �e�x�t�e�n�s�i�o�n� �i�s� �r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t�;� 

�f�o�r� �e�v�e�r�y� �t�e�n� �d�e�g�r�e�e�s� �o�f� �g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t� �m�o�t�i�o�n� �t�h�e�r�e� �a�r�e� 

�f�i�v�e� �d�e�g�r�e�e�s� �o�f� �s�c�a�p�u�l�a� �u�p�w�a�r�d� �r�o�t�a�t�i�o�n� �(�H�a�r�t� �&� �C�a�r�m�i�c�h�a�e�l�,� 

�1�9�8�5�)�.� 

�W�h�e�n� �t�h�e� �h�u�m�e�r�u�s� �i�s� �p�o�s�i�t�i�o�n�e�d� �b�a�c�k�w�a�r�d� �f�r�o�m� �t�h�e� 

�m�i�d�l�i�n�e� �o�f� �t�h�e� �b�o�d�y� �t�o� �-�3�0� �d�e�g�r�e�e�s�,� �t�h�e� �a�r�m� �i�s� �s�a�i�d� �t�o� �b�e� 

�h�y�p�e�r�e�x�t�e�n�d�e�d�.� �D�u�e� �t�o� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� 

�g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t�,� �t�h�e� �h�u�m�e�r�u�s� �i�s� �p�r�e�v�e�n�t�e�d� �f�r�o�m� �t�r�a�v�e�l�i�n�g� 

�f�u�r�t�h�e�r� �t�o�w�a�r�d� �t�h�e� �b�a�c�k� �t�h�a�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �-�5�0� �d�e�g�r�e�e�s�.� �I�n



�3�1� 

�T�a�b�l�e� �2� 

�S�h�o�u�l�d�e�r� �C�o�m�p�l�e�x� �J�o�i�n�t�s� �U�s�e�d� �f�o�r� �A�r�m� �M�o�v�e�m�e�n�t� 

� � 
�P�l�a�n�e� �o�f� �M�o�t�i�o�n� �R�a�n�g�e� �o�f� �M�o�t�i�o�n� �J�o�i�n�t�s� 

�S�a�g�i�t�t�a�l� 
�1�8�0�°� �t�o� �9�0�°� �G�-�H�,� �A�-�C�,� �S�-�C�,� �S�-�T� 

�9�0�°� �t�o� �6�0�°� �G�-�H�,� �A�-�C�,� �S�-�T� 
�6�0�°� �t�o� �3�0�°� �G�-�H�,� �A�-�C� 
�3�0�°� �t�o� �0�°� �G�-�H� 

�0�°� �t�o� �-�3�0�°� �G�-�H�,� �S�-�T� 

�F�r�o�n�t�a�l� 
�1�8�0�°� �t�o� �9�0�°� �G�-�H�,� �A�-�c�,� �S�-�C�,� �S�-�T� 

�9�0�°� �t�o� �6�0�°� �G�-�H�,� �A�-�C�,� �S�-�T� 
�6�0�°� �t�o� �3�0�°� �G�-�H�,� �A�-�C� 
�3�0�°� �t�o� �0�°� �G�-�H� 

�T�r�a�n�s�v�e�r�s�e� 
�1�3�0�°� �t�o� �9�0�°� �G�-�H�,� �A�-�C�,� �S�-�T� 

�9�0�°� �t�o� �4�5�°� �G�-�H�,� �A�-�c�C�,� �S�-�T� 

�4�5�°� �t�o� �0�°� �G�-�H�,� �A�-�C�,� �S�-�T� 

�0�°� �t�o� �-�4�5�°� �G�-�H�,� �A�-�C�,� �S�-�T� 

� � 

�G�-�H� �G�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t�:� �m�o�v�e�m�e�n�t� �o�f� �h�u�m�e�r�u�s� �a�n�d� �s�c�a�p�u�l�a� 
�A�-�C� �A�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t�:� �m�o�v�e�m�e�n�t� �o�f� �s�c�a�p�u�l�a� �a�n�d� 

�c�l�a�v�i�c�l�e� 
�C� �S�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t�:� �m�o�v�e�m�e�n�t� �o�f� �c�l�a�v�i�c�l�e� 
�T� �S�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t�:� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �s�c�a�p�u�l�a� 

�N�o�r�k�i�n�,� �C�.�C�.� �&� �L�e�v�a�n�g�i�e�,� �P�.�K�.� �(�1�9�8�3�)�.� �J�o�i�n�t� �s�t�r�u�c�t�u�r�e� �a�n�d� 
�f�u�n�c�t�i�o�n�:� �A� �c�o�m�p�r�e�h�e�n�s�i�v�e� �a�n�a�l�y�s�i�s�.� �P�h�i�l�a�d�e�l�p�h�i�a�:� 
�F�.�A�.� �D�a�v�i�s� �C�o�.
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�t�h�i�s� �m�o�v�e�m�e�n�t�,� �t�h�e� �s�c�a�p�u�l�a� �i�s� �r�o�t�a�t�e�d� �t�o�w�a�r�d� �t�h�e� �s�p�i�n�e� 

�t�h�r�o�u�g�h� �t�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t�.� 

�D�i�f�f�e�r�e�n�t� �j�o�i�n�t�s� �a�r�e� �i�n�v�o�l�v�e�d� �w�h�e�n� �t�h�e� �a�r�m� �a�s�s�u�m�e�s� �t�h�e� 

�d�i�f�f�e�r�e�n�t� �a�n�g�l�e�s� �o�f� �a�b�d�u�c�t�i�o�n� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �(�T�a�b�l�e� 

�2�)�.� �T�h�e� �f�i�r�s�t� �3�0� �d�e�g�r�e�e�s� �a�r�e� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �g�l�e�n�o�h�u�m�e�r�a�l� 

�j�o�i�n�t� �(�P�e�a�t�,� �1�9�8�6�)�.� �F�r�o�m� �t�h�i�s� �p�o�s�i�t�i�o�n� �t�o� �f�u�l�l� �a�r�m� 

�a�b�d�u�c�t�i�o�n�,� �m�o�v�e�m�e�n�t� �o�c�c�u�r�s� �a�t� �t�h�e� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �a�n�d� 

�g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t�s� �(�P�e�a�t�,� �1�9�8�6�)�.� �T�h�e� �s�c�a�p�u�l�a� �m�o�v�e�m�e�n�t�s� �a�r�e� 

�d�u�e� �t�o� �t�h�e� �m�o�v�e�m�e�n�t� �a�b�o�u�t� �t�h�e� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r� �a�n�d� 

�a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �j�o�i�n�t�s�.� �T�h�e�s�e� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �j�o�i�n�t�s� �a�r�e� 

�t�h�e� �s�a�m�e� �a�s� �t�h�o�s�e� �f�o�r� �f�l�e�x�i�o�n�/�e�x�t�e�n�s�i�o�n� �(�S�a�r�r�a�f�i�a�n�,� �1�9�8�3�)�.� 

�M�o�v�e�m�e�n�t�s� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �o�c�c�u�r� �a�t� �a� 

�u�n�i�f�o�r�m� �l�e�v�e�l� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�e� �b�o�d�y�'�s� �m�i�d�l�i�n�e�.� �S�h�o�u�l�d�e�r� 

�h�o�r�i�z�o�n�a�l� �a�b�d�u�c�t�i�o�n� �a�n�d� �a�d�d�u�c�t�i�o�n� �a�r�e� �m�o�v�e�m�e�n�t�s� �i�n� �o�p�p�o�s�i�t�e� 

�d�i�r�e�c�t�i�o�n�s� �f�r�o�m� �t�h�e� �b�o�d�y�'�s� �m�i�d�l�i�n�e�.� �F�o�r� �h�o�r�i�z�o�n�t�a�l� 

�a�b�d�u�c�t�i�o�n�/�a�d�d�u�c�t�i�o�n�,� �t�h�e� �n�e�u�t�r�a�l� �o�r� �z�e�r�o� �d�e�g�r�e�e� �p�o�s�i�t�i�o�n� �i�s� 

�w�h�e�n� �t�h�e� �a�r�m� �i�s� �f�l�e�x�e�d� �t�o� �9�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e�.� 

�T�h�e� �l�i�m�i�t�s� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �m�o�t�i�o�n� �p�e�r�f�o�r�m�e�d� �a�r�e� �d�e�t�e�r�m�i�n�e�d� 

�b�y� �t�h�e� �b�o�d�y�.� �T�h�e� �a�r�m� �i�s� �n�o�t� �a�b�l�e� �t�o� �t�r�a�v�e�r�s�e� �b�e�y�o�n�d� �t�h�e� 

�t�r�u�n�k� �o�f� �t�h�e� �b�o�d�y� �i�n� �a�d�d�u�c�t�i�o�n�,� �a�n�d� �t�h�e� �l�i�m�i�t�s� �o�f� �t�h�e� 

�m�u�s�c�l�e�s�'� �s�t�r�e�t�c�h� �p�r�e�v�e�n�t� �t�h�e� �a�r�m� �f�r�o�m� �t�r�a�v�e�l�i�n�g� �f�u�r�t�h�e�r� �t�h�a�n� 

�1�3�0� �d�e�g�r�e�e�s� �i�n� �a�b�d�u�c�t�i�o�n�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �m�o�v�e�m�e�n�t�s� �a�r�e� 

�p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t�.� �H�a�r�t� �a�n�d� �C�a�r�m�i�c�h�a�e�l� 

�(�1�9�8�5�)� �r�e�p�o�r�t�e�d� �t�h�a�t�,� �a�t� �9�0� �d�e�g�r�e�e�s� �o�f� �h�u�m�e�r�a�l� �e�l�e�v�a�t�i�o�n�,
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�s�c�a�p�u�l�a�r� �r�o�t�a�t�i�o�n� �a�n�d� �c�l�a�v�i�c�u�l�a�r� �e�l�e�v�a�t�i�o�n� �o�c�c�u�r�,� �b�u�t� �a�r�e� 

�v�a�r�i�a�b�l�e� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �f�o�r�c�e�s� �a�c�t�i�n�g� �o�n� �t�h�e� �a�r�n�.� 

�T�h�o�u�g�h� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� 

�m�o�v�e�m�e�n�t� �o�f� �t�h�e� �j�o�i�n�t�s� �w�h�e�n� �t�h�e� �a�r�m� �a�s�s�u�m�e�s� �v�a�r�i�o�u�s� 

�p�o�s�i�t�i�o�n�s�,� �f�o�r�m� �f�i�t�t�i�n�g� �c�l�o�t�h�i�n�g� �m�u�s�t� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� 

�b�o�d�y�'�s� �d�i�m�e�n�s�i�o�n�a�l� �c�h�a�n�g�e�s� �t�h�a�t� �o�c�c�u�r� �d�u�e� �t�o� �t�h�e� �j�o�i�n�t�s�,� 

�m�u�s�c�l�e�s� �a�n�d� �s�k�i�n� �m�o�v�e�m�e�n�t�s�.� �E�m�a�n�u�e�l� �a�n�d� �B�a�r�t�e�r� �(�1�9�5�7�)� 

�s�t�u�d�i�e�d� �t�h�e� �l�i�n�e�a�r� �d�i�s�t�a�n�c�e� �c�h�a�n�g�e�s� �t�h�a�t� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� 

�t�w�o� �p�o�i�n�t�s� �m�a�r�k�e�d� �o�n� �e�i�t�h�e�r� �s�i�d�e� �o�f� �a� �j�o�i�n�t� �w�h�e�n� �t�h�e� �j�o�i�n�t� 

�a�s�s�u�m�e�d� �v�a�r�i�o�u�s� �p�o�s�i�t�i�o�n�s�.� �T�h�e�y� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� 

�d�e�f�i�n�i�t�e� �a�n�d� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� �b�o�d�y� �d�i�m�e�n�s�i�o�n�s� �w�i�t�h� 

�t�h�e� �j�o�i�n�t� �m�o�v�e�m�e�n�t�,� �a�n�d� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� �c�h�a�n�g�e� �i�s� �f�a�i�r�l�y� 

�c�o�n�s�t�a�n�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �s�t�a�t�u�r�e� �o�r� �w�e�i�g�h�t� �o�f� �t�h�e� �p�e�r�s�o�n�.� �N�o� 

�e�x�p�l�a�n�a�t�i�o�n� �w�a�s� �g�i�v�e�n� �a�s� �t�o� �w�h�i�c�h� �s�h�o�u�l�d�e�r� �c�o�m�p�o�n�e�n�t�,� �t�h�e� 

�j�o�i�n�t�,� �m�u�s�c�l�e�s� �o�r� �s�k�i�n�,� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�i�m�e�n�s�i�o�n�a�l� 

�c�h�a�n�g�e�s�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �s�t�u�d�y� �b�y� �E�m�a�n�u�e�l� �a�n�d� �B�a�r�t�e�r� �(�1�9�5�7�)� 

�a�r�e� �r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �3�.� �T�h�e� �l�i�n�e�a�r� �d�i�s�t�a�n�c�e� �c�h�a�n�g�e�s� �a�r�e� 

�t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �t�a�k�e�n� �i�n� �t�h�e� 

�n�e�u�t�r�a�l� �o�r� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� �a�n�d� �t�h�e� �s�e�r�i�e�s� �o�f� �j�o�i�n�t� 

�m�o�v�e�m�e�n�t�s� �p�e�r�f�o�r�m�e�d�.� �T�h�e� �m�o�v�e�m�e�n�t�s� �w�e�r�e� �l�i�s�t�e�d� �a�s� 

�p�r�o�t�r�u�s�i�o�n�,� �r�e�t�r�a�c�t�i�o�n�,� �h�o�r�i�z�o�n�t�a�l� �a�b�d�u�c�t�i�o�n� �a�n�d� �o�v�e�r�h�e�a�d� 

�a�b�d�u�c�t�i�o�n�.� �P�r�o�t�r�u�s�i�o�n� �w�a�s� �t�h�e� �f�l�e�x�i�o�n� �o�f� �t�h�e� �a�r�m� �t�o� �9�0� 

�d�e�g�r�e�e�s� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n�.� �R�e�t�r�a�c�t�i�o�n� �w�a�s� 

�h�y�p�e�r�e�x�t�e�n�s�i�o�n� �b�a�c�k�w�a�r�d� �o�f� �t�h�e� �a�r�m� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e� �t�o
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�t�h�e� �m�a�x�i�m�u�m� �p�o�s�i�t�i�o�n�.� �H�o�r�i�z�o�n�t�a�l� �a�b�d�u�c�t�i�o�n� �w�a�s� �t�h�e� 

�a�b�d�u�c�t�i�o�n� �o�f� �t�h�e� �a�r�m� �t�o� �9�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� 

�m�o�t�i�o�n�.� �O�v�e�r�h�e�a�d� �a�b�d�u�c�t�i�o�n� �w�a�s� �a�b�d�u�c�t�i�o�n� �o�f� �t�h�e� �a�r�m� �i�n� �t�h�e� 

�f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �s�u�c�h� �t�h�a�t� �t�h�e� �a�r�m� �w�a�s� �h�e�l�d� �a�s� �c�l�o�s�e� 

�t�o� �t�h�e� �h�e�a�d� �a�s� �p�o�s�s�i�b�l�e�.� �F�r�o�m� �t�h�e�i�r� �s�t�u�d�y�,� �i�t� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �g�r�e�a�t�e�s�t� �c�h�a�n�g�e� �i�n� �l�i�n�e�a�r� �d�i�s�t�a�n�c�e� 

�o�c�c�u�r�r�e�d� �a�c�r�o�s�s� �t�h�e� �b�a�c�k� �w�h�e�n� �t�h�e� �a�r�m� �w�a�s� �h�o�r�i�z�o�n�t�a�l�l�y� 

�a�b�d�u�c�t�e�d�.� 

�T�h�o�u�g�h� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �s�t�u�d�i�e�d� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �a�n�d� 

�t�h�e� �m�o�v�e�m�e�n�t�s� �w�h�i�c�h� �a�r�e� �p�o�s�s�i�b�l�e� �b�y� �t�h�e� �a�r�m�,� �t�h�e� �b�o�d�y� �h�a�s� 

�b�e�e�n� �s�t�u�d�i�e�d� �w�i�t�h�o�u�t� �c�l�o�t�h�i�n�g�.� �T�h�e� �d�e�s�i�g�n� �o�f� �c�l�o�t�h�i�n�g� �h�a�s� 

�t�r�a�d�i�t�i�o�n�a�l�l�y� �b�e�e�n� �w�i�t�h� �t�h�e� �b�o�d�y� �i�n� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� 

�w�i�t�h� �t�h�e� �l�e�g�s� �a�n�d� �a�r�m�s� �s�t�r�a�i�g�h�t�,� �p�a�l�m�s� �o�f� �t�h�e� �h�a�n�d� �f�a�c�i�n�g� 

�t�h�e� �b�o�d�y�.� �T�o� �d�a�t�e�,� �t�h�e�r�e� �a�r�e� �n�o� �s�t�a�n�d�a�r�d� �m�e�t�h�o�d�s� �o�r� 

�d�i�m�e�n�s�i�o�n�s� �f�o�r� �r�e�l�a�t�i�n�g� �b�o�d�y� �m�o�v�e�m�e�n�t� �o�r� �p�o�s�i�t�i�o�n� �d�a�t�a� �t�o� 

�t�h�e� �d�e�s�i�g�n� �o�f� �c�l�o�t�h�i�n�g�.� 

�S�l�e�e�v�e�/�B�o�d�i�c�e� �S�t�r�u�c�t�u�r�e�s� 

�S�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �t�h�e� �p�a�t�t�e�r�n�s� �o�r� 

�g�a�r�m�e�n�t�s� �w�h�i�c�h� �a�r�e� �m�a�d�e� �f�o�r� �t�h�e� �u�p�p�e�r� �t�o�r�s�o� �a�n�d� �a�r�m�s� �o�f� �t�h�e� 

�b�o�d�y�.� �F�o�u�r� �b�a�s�i�c� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �a�r�e� 

�d�e�s�c�r�i�b�e�d� �a�n�d� �u�s�e�d� �i�n� �a�p�p�a�r�e�l� �a�r�e� �t�h�e� �s�e�t�-�i�n�,� �k�i�m�o�n�o�,� �k�i�m�o�n�o
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�w�i�t�h� �g�u�s�s�e�t�,� �a�n�d� �r�a�g�l�a�n� �s�l�e�e�v�e�s�.� �T�h�e� �b�a�s�i�c� �s�t�y�l�e� �o�f� �e�a�c�h� �o�f� 

�t�h�e�s�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �3�.� 

�P�a�t�t�e�r�n� �D�e�v�e�l�o�p�m�e�n�t� 

�O�f� �t�h�e� �t�h�r�e�e� �m�e�t�h�o�d�s� �o�f� �p�a�t�t�e�r�n� �m�a�k�i�n�g�,� �d�r�a�f�t�i�n�g�,� 

�d�r�a�p�i�n�g� �a�n�d� �f�l�a�t� �p�a�t�t�e�r�n�,� �t�h�e� �m�o�s�t� �w�i�d�e�l�y� �t�a�u�g�h�t� �a�r�e� �d�r�a�p�i�n�g� 

�a�n�d� �f�l�a�t� �p�a�t�t�e�r�n�.� �E�a�c�h� �m�e�t�h�o�d� �r�e�l�i�e�s� �o�n� �t�h�e� �s�k�i�l�l� �o�f� �t�h�e� 

�p�a�t�t�e�r�n� �m�a�k�e�r� �f�o�r� �t�h�e� �s�u�c�c�e�s�s� �o�f� �t�h�e� �d�e�s�i�g�n�.� �F�l�a�t� �p�a�t�t�e�r�n� 

�t�e�c�h�n�i�q�u�e�s� �m�a�y� �b�e� �t�h�e� �d�e�s�i�r�e�d� �m�e�t�h�o�d� �o�f� �d�e�s�i�g�n� �w�h�e�n� �s�p�e�e�d� 

�a�n�d� �a�c�c�u�r�a�c�y� �a�r�e� �n�e�e�d�e�d� �(�M�c�D�o�n�a�l�d� �a�n�d� �W�e�i�b�e�l�,� �1�9�8�8�)�.� 

�M�a�n�y� �f�l�a�t� �p�a�t�t�e�r�n� �t�e�x�t�b�o�o�k�s� �e�x�p�l�a�i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�v�a�r�i�o�u�s� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)�,� �H�o�l�l�e�n� 

�a�n�d� �K�u�n�d�e�l� �(�1�9�8�7�)�,� �K�o�p�p�,� �R�o�l�f�o�,� �a�n�d� �Z�e�l�i�n� �(�1�9�7�8�)�,� �a�n�d� 

�M�a�c�D�o�n�a�l�d� �a�n�d� �W�e�i�b�e�l� �(�1�9�8�8�)� �a�r�e� �a�m�o�n�g� �t�h�e� �m�o�s�t� �c�u�r�r�e�n�t� 

�p�a�t�t�e�r�n� �m�a�k�i�n�g� �t�e�x�t�s�,� �a�n�d� �t�h�e�y� �r�e�p�r�e�s�e�n�t� �a� �v�a�r�i�e�t�y� �o�f� �f�l�a�t� 

�p�a�t�t�e�r�n� �t�e�c�h�n�i�q�u�e�s�.� 

�F�o�r� �f�l�a�t� �p�a�t�t�e�r�n� �t�e�c�h�n�i�q�u�e�s� �a� �b�a�s�i�c� �p�a�t�t�e�r�n�,� �c�a�l�l�e�d� �a� 

�s�l�o�p�e�r�,� �i�s� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �o�t�h�e�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�T�h�e� �s�l�o�p�e�r� �f�o�r� �t�h�e� �u�p�p�e�r� �t�o�r�s�o� �o�f� �t�h�e� �b�o�d�y� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� 

�p�i�e�c�e�s�,� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �a�n�d� �t�h�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� �b�o�d�i�c�e� 

�p�a�t�t�e�r�n�s�.� �T�h�e�s�e� �p�a�t�t�e�r�n� �p�i�e�c�e�s� �h�a�v�e� �n�o� �s�e�a�m� �a�l�l�o�w�a�n�c�e�s�.� 

�W�i�t�h� �a� �d�e�s�i�g�n�a�t�e�d� �s�h�a�p�e� �a�n�d� �e�a�s�e� �a�l�l�o�w�a�n�c�e�,� �t�h�e� �s�l�o�p�e�r� �c�a�n� 

�b�e� �d�e�v�e�l�o�p�e�d� �b�y� �d�r�a�p�i�n�g� �o�r� �d�r�a�f�t�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� �T�h�e�s�e� 

�t�e�c�h�n�i�q�u�e�s� �r�e�q�u�i�r�e� �a�d�d�i�t�i�o�n�a�l� �p�a�t�t�e�r�n� �m�a�k�i�n�g� �s�k�i�l�l�s� �a�n�d
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�F�i�g�u�r�e� �3� 

�F�o�u�r� �B�a�s�i�c� �S�l�e�e�v�e�/�B�o�d�i�c�e� �S�t�r�u�c�t�u�r�e�s
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�m�a�n�i�p�u�l�a�t�i�o�n�s�.� �I�n� �f�l�a�t� �p�a�t�t�e�r�n� �t�e�x�t�s�,� �t�h�e� �s�l�o�p�e�r� �i�s� �o�f�t�e�n� 

�s�u�p�p�l�i�e�d� �t�o� �t�h�e� �r�e�a�d�e�r� �i�n� �h�a�l�f�-�s�c�a�l�e� �f�o�r�m� �a�n�d� �t�h�e� �f�u�l�l�-�s�c�a�l�e� 

�d�e�v�e�l�o�p�m�e�n�t� �i�s� �n�o�t� �e�x�p�l�a�i�n�e�d�.� �T�o� �s�a�v�e� �t�i�m�e�,� �c�o�m�m�e�r�c�i�a�l� 

�p�a�t�t�e�r�n� �c�o�m�p�a�n�i�e�s� �p�r�o�v�i�d�e� �p�a�t�t�e�r�n�s� �f�o�r� �t�h�e� �b�a�s�i�c� �s�l�o�p�e�r�.� 

�S�e�t�-�i�n� �S�l�e�e�v�e� 

�F�r�o�m� �t�h�e� �s�l�o�p�e�r� �a� �s�e�t�-�i�n� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �c�a�n� �b�e� 

�e�a�s�i�l�y� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �s�e�a�m� �a�l�l�o�w�a�n�c�e�s�.� �T�h�e� 

�b�o�d�i�c�e� �f�r�o�n�t� �h�a�s� �o�n�e� �b�u�s�t� �f�i�t�t�i�n�g� �d�a�r�t� �o�r�i�g�i�n�a�t�i�n�g� �f�r�o�m� �t�h�e� 

�w�a�i�s�t�l�i�n�e�.� �T�h�e� �b�o�d�i�c�e� �b�a�c�k� �h�a�s� �o�n�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �d�a�r�t� �w�h�i�c�h� 

�r�a�d�i�a�t�e�s� �t�o� �t�h�e� �s�h�o�u�l�d�e�r� �b�l�a�d�e� �f�r�o�m� �e�i�t�h�e�r� �t�h�e� �n�e�c�k�l�i�n�e� �o�r� 

�s�h�o�u�l�d�e�r� �s�e�a�m�,� �a�n�d� �a�n�o�t�h�e�r� �d�a�r�t� �w�h�i�c�h� �o�r�i�g�i�n�a�t�e�s� �f�r�o�m� �t�h�e� 

�w�a�i�s�t�.� �T�w�o� �d�a�r�t�s� �a�r�e� �f�o�u�n�d� �i�n� �t�h�e� �b�a�c�k� �b�o�d�i�c�e� �s�i�n�c�e� �t�h�e�r�e� 

�i�s� �n�o� �d�e�f�i�n�e�d� �p�o�i�n�t� �f�o�r� �w�h�i�c�h� �f�u�l�l�n�e�s�s� �i�s� �n�e�e�d�e�d�.� �S�e�a�m�l�i�n�e�s� 

�a�n�d� �o�p�e�n�i�n�g�s� �a�r�e� �l�o�c�a�t�e�d� �a�t� �a�n�a�t�o�m�i�c�a�l� �j�u�n�c�t�i�o�n�s� �o�f� �t�h�e� 

�b�o�d�y�;� �t�h�e� �n�e�c�k�l�i�n�e� �i�s� �a�t� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �n�e�c�k�,� �t�h�e� �s�h�o�u�l�d�e�r� 

�s�e�a�m� �i�s� �o�n� �t�h�e� �r�i�d�g�e� �o�f� �t�h�e� �s�h�o�u�l�d�e�r�,� �a�n�d� �t�h�e� �a�r�m�h�o�l�e� 

�s�e�a�m�l�i�n�e� �i�s� �a�t� �t�h�e� �j�u�n�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�o�r�s�o� �a�n�d� �a�r�m�.� �T�h�e� 

�s�l�e�e�v�e� �i�s� �a� �c�y�l�i�n�d�e�r� �t�h�a�t� �c�o�v�e�r�s� �t�h�e� �a�r�m� �a�n�d� �s�e�t�s� �i�n�t�o� �t�h�e� 

�a�r�m�h�o�l�e� �o�r� �a�r�m�s�c�y�e� �s�e�a�m�.� �I�n� �o�r�d�e�r� �f�o�r� �b�o�t�h� �t�h�e� �c�e�n�t�e�r� �f�r�o�n�t� 

�a�n�d� �c�e�n�t�e�r� �b�a�c�k� �o�f� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e� �t�o� �b�e� �c�u�t� �o�n� �t�h�e� 

�l�e�n�g�t�h�w�i�s�e� �g�r�a�i�n� �o�f� �t�h�e� �f�a�b�r�i�c�,� �a� �s�i�d�e� �s�e�a�m� �i�s� �p�o�s�i�t�i�o�n�e�d� 

�u�n�d�e�r� �t�h�e� �a�r�m�.
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�K�i�m�o�n�o� �s�l�e�e�v�e� 

�T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �d�i�f�f�e�r�s� �f�r�o�m� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �i�n� 

�t�h�a�t� �t�h�e� �a�r�m�s�c�y�e� �s�e�a�m� �i�s� �e�l�i�m�i�n�a�t�e�d�.� �T�h�e� �b�o�d�i�c�e� �a�n�d� �s�l�e�e�v�e� 

�f�o�r� �b�o�t�h� �t�h�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� �a�r�e� �c�u�t� �a�s� �o�n�e� �p�i�e�c�e�.� �T�h�e�s�e� 

�p�i�e�c�e�s� �a�r�e� �c�o�n�n�e�c�t�e�d� �w�i�t�h� �a� �s�e�a�m� �w�h�i�c�h� �e�x�t�e�n�d�s� �f�r�o�m� �t�h�e� 

�n�e�c�k�l�i�n�e� �a�c�r�o�s�s� �t�h�e� �s�h�o�u�l�d�e�r� �t�o� �t�h�e� �w�r�i�s�t� �a�n�d� �w�i�t�h� �a� �s�i�d�e� 

�s�e�a�m� �w�h�i�c�h� �c�u�r�v�e�s� �f�r�o�m� �t�h�e� �w�a�i�s�t� �u�n�d�e�r� �t�h�e� �a�r�m� �t�o� �t�h�e� �w�r�i�s�t�.� 

�A�r�m�s�c�y�e� �w�r�i�n�k�l�e�s� �a�r�e� �i�n�h�e�r�e�n�t� �i�n� �t�h�i�s� �d�e�s�i�g�n� �d�u�e� �t�o� �t�h�e� 

�e�x�t�r�a� �f�a�b�r�i�c� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �g�a�r�m�e�n�t� �d�u�r�i�n�g� �p�a�t�t�e�r�n� 

�d�e�v�e�l�o�p�m�e�n�t�.� 

�D�i�f�f�e�r�e�n�t� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �f�o�u�n�d� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �t�h�e� 

�k�i�m�o�n�o� �s�l�e�e�v�e�.� �H�o�l�l�e�n� �a�n�d� �K�u�n�d�e�l� �(�1�9�8�7�)� �s�t�a�r�t� �b�y� �c�u�t�t�i�n�g� 

�t�h�e� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �i�n� �h�a�l�f� �f�r�o�m� �t�h�e� �s�h�o�u�l�d�e�r� �t�o� �t�h�e� �w�r�i�s�t�.� 

�E�a�c�h� �s�l�e�e�v�e� �h�a�l�f� �i�s� �t�h�e�n� �l�a�i�d� �o�n� �t�h�e� �b�o�d�i�c�e�,� �o�v�e�r�l�a�p�p�i�n�g� �t�h�e� 

�s�h�o�u�l�d�e�r� �p�o�i�n�t�s� �1�/�2� �i�n�c�h� �a�n�d� �f�o�r�m�i�n�g� �a� �s�t�r�a�i�g�h�t� �l�i�n�e� �f�r�o�m� 

�t�h�e� �n�e�c�k�l�i�n�e� �t�o� �t�h�e� �w�r�i�s�t�.� �T�h�e� �u�n�d�e�r�a�r�m� �s�e�a�m�l�i�n�e� �i�s� �m�a�d�e� �b�y� 

�r�o�u�n�d�i�n�g� �o�f�f� �t�h�e� �b�o�d�i�c�e� �s�i�d�e� �s�e�a�m� �t�o� �m�e�e�t� �t�h�e� �s�e�a�m�l�i�n�e� �o�f� 

�t�h�e� �s�l�e�e�v�e�.� �T�h�e� �a�u�t�h�o�r�s� �s�t�a�t�e� �t�h�a�t� �t�h�e� �l�a�r�g�e�s�t� �u�n�d�e�r�a�r�m� 

�a�n�g�l�e� �g�i�v�e�s� �t�h�e� �m�o�s�t� �r�e�a�c�h�i�n�g� �r�o�o�m�.� �P�r�o�b�l�e�m�s� �e�n�c�o�u�n�t�e�r�e�d� 

�w�i�t�h� �t�h�i�s� �t�e�x�t� �a�r�e� �t�h�a�t� �w�h�e�n� �t�h�e� �d�i�r�e�c�t�i�o�n�s� �a�r�e� �f�o�l�l�o�w�e�d� �t�h�e� 

�u�n�d�e�r�a�r�m� �s�e�a�m�s� �a�r�e� �u�s�u�a�l�l�y� �n�o�t� �t�h�e� �s�a�m�e� �l�e�n�g�t�h� �a�n�d� �m�u�s�t� �b�e� 

�a�d�j�u�s�t�e�d�,� �a�n�d� �t�h�e� �c�u�r�v�e�s� �d�r�a�w�n� �a�t� �t�h�e� �u�n�d�e�r�a�r�m� �a�n�d� �s�h�o�u�l�d�e�r� 

�a�r�e�a� �a�r�e� �l�e�f�t� �t�o� �t�h�e� �d�e�s�i�g�n�e�r�'�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�.� 

�K�o�p�p�,� �R�o�l�f�o� �a�n�d� �Z�e�l�i�n� �(�1�9�7�8�)� �d�e�v�e�l�o�p� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� 

�b�y� �t�h�e� �a�b�u�t�m�e�n�t� �t�h�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� �s�h�o�u�l�d�e�r� �s�e�a�m�s� �o�n� �a
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�g�u�i�d�e�l�i�n�e�.� �T�h�e�n� �t�h�e� �e�n�t�i�r�e� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �i�s� �p�l�a�c�e�d� �s�u�c�h� 

�t�h�a�t� �t�h�e� �u�n�d�e�r�a�r�m� �p�o�i�n�t�s� �o�f� �t�h�e� �s�l�e�e�v�e� �t�o�u�c�h� �t�h�e� �s�i�d�e� 

�s�e�a�m�/�a�r�m�s�c�y�e� �p�o�i�n�t�s� �o�f� �t�h�e� �b�o�d�i�c�e�s�.� �T�h�e� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�i�s� 

�p�r�o�c�e�d�u�r�e� �i�s� �t�h�a�t� �t�h�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� �b�o�d�i�c�e�s� �a�r�e� �n�o�t� �t�h�e� 

�s�a�m�e� �s�h�a�p�e�,� �a�n�d� �t�h�e� �s�l�e�e�v�e� �m�a�y� �o�r� �m�a�y� �n�o�t� �t�o�u�c�h� �t�h�e� �b�o�d�i�c�e� 

�p�a�t�t�e�r�n�s�.� �T�o� �a�v�o�i�d� �t�w�i�s�t�s� �a�n�d� �p�u�l�l�s� �a�c�r�o�s�s� �t�h�e� �b�a�c�k� �a�n�d� �t�o� 

�b�a�l�a�n�c�e� �t�h�e� �o�v�e�r�a�l�l� �l�e�n�g�t�h�s� �o�f� �t�h�e� �t�w�o� �s�i�d�e�s� �o�f� �t�h�e� �u�n�d�e�r�a�r�m� 

�s�e�a�m�,� �t�h�e� �s�i�d�e� �s�e�a�m� �o�f� �t�h�e� �b�a�c�k� �m�a�y� �b�e� �a�d�j�u�s�t�e�d� �b�y� 

�i�n�c�r�e�a�s�i�n�g� �t�h�e� �p�i�c�k�u�p� �o�f� �t�h�e� �b�a�c�k� �d�a�r�t�.� �O�t�h�e�r� �c�o�r�r�e�c�t�i�o�n�s� 

�w�h�i�c�h� �m�a�y� �o�r� �m�a�y� �n�o�t� �h�a�v�e� �t�o� �b�e� �d�o�n�e� �t�o� �t�h�i�s� �p�a�t�t�e�r�n� �a�r�e�:� 

�a�d�j�u�s�t�m�e�n�t�s� �t�o� �t�h�e� �o�v�e�r�a�r�m� �s�e�a�m�l�i�n�e�,� �i�f� �i�t� �i�s� �n�o�t� �o�n� �g�r�a�i�n�;� 

�a�d�j�u�s�t�m�e�n�t� �o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �w�h�e�n� �t�h�e� �b�a�c�k� �d�a�r�t� �i�s� �c�h�a�n�g�e�d�;� 

�b�l�e�n�d�i�n�g� �o�f� �t�h�e� �n�e�c�k�l�i�n�e� �i�f� �t�h�e� �b�a�c�k� �s�h�o�u�l�d�e�r� �s�e�a�m� �i�s� �l�o�n�g�e�r� 

�t�h�a�n� �t�h�e� �f�r�o�n�t�;� �a�n�d� �a�d�j�u�s�t�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �c�u�r�v�a�t�u�r�e� �d�r�a�w�n� 

�a�t� �t�h�e� �u�n�d�e�r�a�r�m�-�s�i�d�e� �s�e�a�m� �i�n�t�e�r�s�e�c�t�i�o�n�.� 

�T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �p�a�t�t�e�r�n�s� �d�e�v�e�l�o�p�e�d� �b�y� �M�a�c�D�o�n�a�l�d� �a�n�d� 

�W�e�i�b�e�l� �(�1�9�8�7�)� �a�n�d� �b�y� �A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)� �c�a�n� �b�e� �p�r�o�d�u�c�e�d� 

�c�o�n�s�i�s�t�e�n�t�l�y� �b�e�c�a�u�s�e� �a�d�j�u�s�t�m�e�n�t�s� �a�r�e� �m�a�d�e� �t�o� �t�h�e� �b�o�d�i�c�e� 

�p�a�t�t�e�r�n� �b�e�f�o�r�e� �t�h�e� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �i�s� �a�t�t�a�c�h�e�d�.� �C�a�r�e� �i�s� 

�t�a�k�e�n� �t�o� �d�e�s�c�r�i�b�e� �h�o�w� �t�h�e� �s�l�e�e�v�e� �i�s� �a�t�t�a�c�h�e�d� �a�n�d� �h�o�w� �t�h�e� 

�u�n�d�e�r�a�r�m� �c�u�r�v�e� �i�s� �d�r�a�w�n�.� �M�a�c�D�o�n�a�l�d� �a�n�d� �W�e�i�b�e�l� �(�1�9�8�7�)� 

�r�e�c�o�m�m�e�n�d� �a�n� �o�v�e�r�l�a�p� �a�t� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�i�n�t� �o�f� �t�h�e� �s�l�e�e�v�e� �a�n�d� 

�b�o�d�i�c�e�;� �a�n�d� �A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)� �h�a�s� �a� �1�/�4�-�i�n�c�h� �g�a�p� �a�t� �t�h�e� 

�s�h�o�u�l�d�e�r� �p�o�i�n�t�.� �I�t� �w�o�u�l�d� �s�e�e�m� �t�h�a�t� �i�f� �t�h�e� �s�l�e�e�v�e� �i�s� �t�o� �f�i�t� 

�t�h�e� �a�r�m� �w�h�i�l�e� �i�t� �i�s� �i�n� �a�n� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n�,� �t�h�e
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�a�d�d�i�t�i�o�n�a�l� �l�e�n�g�t�h� �i�s� �n�e�e�d�e�d� �f�o�r� �t�h�e� �s�l�e�e�v�e� �t�o� �c�u�r�v�e� �o�v�e�r� �t�h�e� 

�g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t�.� 

�R�a�g�l�a�n� �S�l�e�e�v�e� 

�T�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� �c�l�o�s�e� �f�i�t� �o�f� 

�t�h�e� �u�n�d�e�r�a�r�m� �a�n�d� �t�h�e� �d�i�a�g�o�n�a�l� �s�e�a�m�l�i�n�e� �w�h�i�c�h� �i�s� �s�e�w�n� �f�r�o�m� 

�t�h�e� �u�n�d�e�r�a�r�m� �t�o� �t�h�e� �n�e�c�k�l�i�n�e�.� �K�o�p�p� �e�t� �a�l�.� �(�1�9�7�8�)� �s�t�a�t�e� �t�h�a�t� 

�t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �h�a�s� �t�h�e� �f�i�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �s�e�t�-�i�n� 

�s�l�e�e�v�e�.� �T�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �o�f� �t�h�e� �b�o�d�i�c�e� �i�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� 

�s�l�e�e�v�e� �p�a�t�t�e�r�n�.� �A� �s�h�o�u�l�d�e�r� �d�a�r�t� �i�s� �i�n�s�e�r�t�e�d� �t�o� �p�r�o�v�i�d�e� �f�i�t� 

�a�t� �t�h�e� �n�e�c�k� �a�n�d� �f�u�l�l�n�e�s�s� �f�o�r� �t�h�e� �s�h�o�u�l�d�e�r�.� �T�h�e� �d�a�r�t� �r�e�m�a�i�n�s� 

�a�s� �a� �t�r�i�a�n�g�u�l�a�r� �w�e�d�g�e� �i�f� �t�h�e� �s�l�e�e�v�e� �i�s� �o�n�e� �p�a�t�t�e�r�n� �p�i�e�c�e�,� �o�r� 

�t�h�e� �d�a�r�t� �i�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �a�n� �o�v�e�r�a�r�m� �s�e�a�m�l�i�n�e� �i�f� �t�h�e� 

�s�l�e�e�v�e� �i�s� �m�a�d�e� �w�i�t�h� �s�e�p�a�r�a�t�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� �s�l�e�e�v�e� 

�p�a�t�t�e�r�n�s�.� 

�T�h�e� �p�a�t�t�e�r�n� �m�a�k�i�n�g� �m�e�t�h�o�d�s� �f�o�r� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �v�a�r�y�.� 

�H�o�l�l�e�n� �a�n�d� �K�u�n�d�e�l� �(�1�9�8�7�)� �u�s�e� �t�h�e�i�r� �k�i�m�o�n�o� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �a�n�d� 

�a�n� �"�a�r�m�s�c�y�e� �d�e�v�i�c�e�"�,� �a� �w�e�d�g�e� �s�h�a�p�e�d� �p�i�e�c�e�,� �w�h�i�c�h� �i�s� 

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �t�h�e� �a�u�t�h�o�r�s�'� �i�n�s�t�r�u�c�t�i�o�n�s�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� 

�i�s� �p�i�v�o�t�e�d� �d�o�w�n�w�a�r�d� �t�o�w�a�r�d� �t�h�e� �b�o�d�i�c�e� �s�i�d�e� �s�e�a�m� �t�o� �r�e�d�u�c�e� 

�t�h�e� �u�n�d�e�r�a�r�m� �a�n�g�l�e�,� �a�n�d� �t�h�e� �"�d�e�v�i�c�e�"� �i�s� �p�l�a�c�e�d� �a�t� �t�h�e� 

�u�n�d�e�r�a�r�m� �i�n�t�e�r�s�e�c�t�i�o�n�.� �T�h�e� �"�d�e�v�i�c�e�"� �h�a�s� �t�h�r�e�e� �s�i�z�e�s�:� �s�m�a�l�l�,� 

�m�e�d�i�u�m� �a�n�d� �l�a�r�g�e�.� �N�o� �i�n�s�t�r�u�c�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �a�s� �t�o� �w�h�i�c�h� 

�s�i�z�e� �s�h�o�u�l�d� �b�e� �u�s�e�d�.
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�M�a�c�D�o�n�a�l�d� �a�n�d� �W�e�i�b�e�l�(�1�9�8�8�)� �d�e�v�e�l�o�p� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� 

�f�r�o�m� �t�h�e�i�r� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �p�a�t�t�e�r�n�.� �T�h�e� �r�a�g�l�a�n� 

�s�e�a�m�l�i�n�e� �i�s� �d�r�a�w�n� �f�r�o�m� �t�h�e� �u�n�d�e�r�a�r�m� �t�o� �n�e�c�k�l�i�n�e�,� �a�n�d� �t�h�a�t� 

�t�h�e� �s�l�e�e�v�e� �i�s� �t�h�e�n� �r�e�m�o�v�e�d�.� �F�r�o�m� �t�h�e� �b�o�d�i�c�e� �p�a�t�t�e�r�n� �t�h�e� 

�u�n�d�e�r�a�r�m� �i�s� �e�x�t�e�n�d�e�d� �u�p�w�a�r�d� �t�w�o� �i�n�c�h�e�s� �a�n�d� �a� �n�e�w� �r�a�g�l�a�n� 

�u�n�d�e�r�a�r�m� �i�s� �f�o�r�m�e�d�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �c�o�n�v�e�r�t�s� �t�h�e� �b�o�d�i�c�e� 

�u�n�d�e�r�a�r�m� �t�o� �t�h�e� �s�a�m�e� �p�o�s�i�t�i�o�n� �a�s� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�'�s� �b�a�s�i�c� 

�b�o�d�i�c�e�.� 

�T�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �p�a�t�t�e�r�n�s� �d�e�v�e�l�o�p�e�d� �b�y� �K�o�p�p� �e�t� �a�l�.� 

�(�1�9�7�8�)� �a�n�d� �A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)� �b�e�g�i�n� �w�i�t�h� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e�s� �a�n�d� 

�s�l�e�e�v�e� �p�a�t�t�e�r�n�s�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �i�s� �t�o� �a�t�t�a�c�h� �t�h�e� �b�o�d�i�c�e�s�'� 

�s�h�o�u�l�d�e�r� �a�r�e�a�s� �t�o� �t�h�e� �s�l�e�e�v�e� �a�t� �t�h�e� �a�r�m�s�c�y�e� �b�r�e�a�k� �p�o�i�n�t�s�.� 

�A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)� �p�r�e�p�a�r�e�s� �t�h�e� �b�o�d�i�c�e�s� �b�y� �m�o�v�i�n�g� �t�h�e� �b�a�c�k� 

�s�h�o�u�l�d�e�r� �d�a�r�t� �t�o� �t�h�e� �a�r�m�s�c�y�e�,� �a�n�d� �a�d�j�u�s�t�s� �t�h�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� 

�a�r�m�s�c�y�e�s� �s�o� �t�h�e�y� �a�r�e� �t�h�e� �s�a�m�e� �l�e�n�g�t�h�.� �T�h�e� �s�l�e�e�v�e� �i�s� 

�a�d�j�u�s�t�e�d� �s�o� �a�n� �i�n�c�h� �o�f� �a�d�d�i�t�i�o�n�a�l� �e�a�s�e� �i�s� �a�d�d�e�d� �t�o� �t�h�e� 

�u�n�d�e�r�a�r�m� �s�e�a�m� �t�o� �p�r�o�v�i�d�e� �f�o�r� �a�r�m� �l�i�f�t�.� �O�n�e�-�f�o�u�r�t�h� �i�n�c�h� �i�s� 

�a�d�d�e�d� �a�t� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�i�n�t� �o�f� �t�h�e� �s�l�e�e�v�e� �s�o� �i�t� �w�i�l�l� �f�a�l�l� 

�s�m�o�o�t�h�l�y� �o�v�e�r� �t�h�e� �s�h�o�u�l�d�e�r�.� �K�o�p�p� �e�t� �a�l�.� �(�1�9�7�8�)� �a�d�d� �n�o� 

�a�d�d�i�t�i�o�n�a�l� �e�a�s�e� �t�o� �t�h�e�i�r� �p�a�t�t�e�r�n�.� 

�K�i�m�o�n�o� �S�l�e�e�v�e� �w�i�t�h� �G�u�s�s�e�t� 

�T�h�e� �w�r�i�n�k�l�e�s� �c�a�u�s�e�d� �b�y� �t�h�e� �e�x�c�e�s�s� �a�r�m�s�c�y�e� �f�a�b�r�i�c� �i�n�a� 

�b�a�s�i�c� �k�i�m�o�n�o� �s�l�e�e�v�e� �c�a�n� �b�e� �r�e�d�u�c�e�d� �b�y� �m�a�k�i�n�g� �t�h�e� �a�n�g�l�e� �o�f� 

�t�h�e� �u�n�d�e�r�a�r�m� �s�m�a�l�l�e�r� �a�n�d� �i�n�s�e�r�t�i�n�g� �a� �g�u�s�s�e�t� �(�M�a�c�D�o�n�a�l�d� �&
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�W�e�i�b�e�l�,� �1�9�8�8�)�.� �T�h�i�s� �i�s� �a� �d�i�a�m�o�n�d� �s�h�a�p�e�d� �p�i�e�c�e� �o�f� �f�a�b�r�i�c� 

�i�n�s�e�r�t�e�d� �i�n�t�o� �s�l�i�t�s� �a�t� �t�h�e� �u�n�d�e�r�a�r�m� �a�r�e�a� �o�f� �t�h�e� �s�l�e�e�v�e�.� 

�T�h�e� �g�u�s�s�e�t� �a�l�l�o�w�s� �f�o�r� �c�l�o�s�e�r� �f�i�t� �t�o� �t�h�e� �b�o�d�y� �w�i�t�h�o�u�t� �l�o�s�s� �o�f� 

�m�o�v�e�m�e�n�t� �(�M�a�c�D�o�n�a�l�d� �&� �W�e�i�b�e�l�,� �1�9�8�8�)�.� 

�I�n� �t�h�e� �m�e�t�h�o�d�s� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� 

�g�u�s�s�e�t� �p�a�t�t�e�r�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �m�a�y� �b�e� �u�s�e�d� �(�H�o�l�l�e�n� 

�&� �K�u�n�d�e�l�,� �1�9�8�7�;� �K�o�p�p� �e�t� �a�l�.�,� �1�9�7�8�;� �M�a�c�D�o�n�a�l�d� �&� �W�e�i�b�e�l�,� 

�1�9�8�8�)�.� �T�h�e� �p�r�o�b�l�e�m�s� �e�n�c�o�u�n�t�e�r�e�d� �w�i�t�h� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� 

�i�n�s�t�r�u�c�t�i�o�n�s� �m�a�y� �t�h�e�n� �b�e� �r�e�p�e�a�t�e�d� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� 

�k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t�.� �T�o� �o�b�t�a�i�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� 

�g�u�s�s�e�t� �p�a�t�t�e�r�n�,� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �i�s� �s�l�a�s�h�e�d� �f�r�o�m� 

�t�h�e� �u�n�d�e�r�a�r�m�/�s�i�d�e� �s�e�a�m� �i�n�t�e�r�s�e�c�t�i�o�n� �t�o� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�i�n�t�.� 

�T�h�e� �s�l�e�e�v�e� �i�s� �r�o�t�a�t�e�d� �d�o�w�n�w�a�r�d� �s�o� �t�h�a�t� �t�h�e� �o�v�e�r�l�a�p� �a�t� �t�h�e� 

�u�n�d�e�r�a�r�m� �i�s� �a�t� �l�e�a�s�t� �o�n�e� �i�n�c�h�.� �T�h�e� �g�u�s�s�e�t� �p�l�a�c�e�m�e�n�t� �l�i�n�e�s� 

�a�r�e� �t�h�e�n� �d�r�a�w�n� �f�r�o�m� �t�h�e� �n�e�w� �u�n�d�e�r�a�r�m� �p�o�i�n�t� �3� �1�/�2�-�i�n�c�h�e�s� 

�t�o�w�a�r�d� �t�h�e� �n�e�c�k�l�i�n�e�/�s�h�o�u�l�d�e�r� �i�n�t�e�r�s�e�c�t�i�o�n�.� �P�r�o�b�l�e�m�s� �w�i�t�h� 

�t�h�e� �g�u�s�s�e�t� �o�c�c�u�r� �w�h�e�n� �t�h�e� �s�t�i�t�c�h�i�n�g� �l�i�n�e�s� �o�f� �t�h�e� �s�l�i�t� �a�r�e� 

�d�r�a�w�n� �o�n� �t�h�e� �p�a�t�t�e�r�n�.� �T�h�e� �s�t�i�t�c�h�i�n�g� �l�i�n�e�s� �i�n� �t�h�e� �b�o�d�i�c�e� 

�m�u�s�t� �b�e� �c�f� �t�h�e� �s�a�m�e� �l�e�n�g�t�h�,� �s�i�n�c�e� �t�h�e� �g�u�s�s�e�t� �p�a�t�t�e�r�n� �h�a�s� 

�f�o�u�r� �s�i�d�e�s� �w�h�i�c�h� �a�r�e� �e�q�u�a�l� �i�n� �l�e�n�g�t�h�.� �I�n� �e�a�c�h� �o�f� �t�h�e� �t�e�x�t�s� 

�l�i�s�t�e�d�,� �t�h�e� �s�t�i�t�c�h�i�n�g� �l�i�n�e�s� �a�r�e� �n�o�t� �e�q�u�a�l� �l�e�n�g�t�h� �w�h�e�n� �t�h�e� 

�d�i�r�e�c�t�i�o�n�s� �a�r�e� �f�o�l�l�o�w�e�d�.� 

�A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)� �d�e�v�e�l�o�p�s� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� 

�f�r�o�m� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e�s� �a�n�d� �s�l�e�e�v�e� �p�a�t�t�e�r�n�s�.� �B�y� �s�t�a�r�t�i�n�g� 

�w�i�t�h� �t�h�e� �b�a�s�i�c� �p�a�t�t�e�r�n�s�,� �a�d�d�i�t�i�o�n�a�l� �e�a�s�e� �i�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n
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�t�h�e� �o�v�e�r�a�r�m� �s�e�a�m� �b�e�c�a�u�s�e� �t�h�e� �s�l�e�e�v�e� �i�s� �n�o�t� �o�v�e�r�l�a�p�p�e�d� �a�s� 

�m�u�c�h� �a�s� �t�h�e� �d�i�r�e�c�t�i�o�n�s� �i�n� �o�t�h�e�r� �t�e�x�t�s� �s�u�g�g�e�s�t�.� �T�h�e� �s�l�i�t� �f�o�r� 

�t�h�e� �g�u�s�s�e�t� �i�s� �d�r�a�w�n� �o�n� �t�h�e� �u�n�d�e�r�a�r�m� �s�e�a�m� �s�o� �t�h�a�t� �t�h�e� 

�s�t�i�t�c�h�i�n�g� �l�i�n�e�s� �a�r�e� �o�f� �e�q�u�a�l� �l�e�n�g�t�h�.� 

�S�t�r�u�c�t�u�r�a�l� �D�i�f�f�e�r�e�n�c�e�s� 

�N�o� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �f�o�u�n�d� �w�h�i�c�h� �r�e�c�o�m�m�e�n�d�s� �a� �p�a�r�t�i�c�u�l�a�r� 

�p�a�t�t�e�r�n� �t�e�x�t� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �w�h�i�c�h� �o�c�c�u�r� �b�e�t�w�e�e�n� 

�d�i�f�f�e�r�e�n�t�.� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �d�u�e� �t�o� �t�h�e� 

�i�n�s�t�r�u�c�t�i�o�n�s� �g�i�v�e�n� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �p�a�t�t�e�r�n�s�.� 

�F�r�o�m� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �g�i�v�e�n� �i�n� �A�r�m�s�t�r�o�n�g�'�s� �(�1�9�8�7�)� �t�e�x�t� �t�h�e� 

�s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �b�a�s�i�c� �s�l�o�p�e�r� �a�n�d� �t�h�e� 

�s�p�e�c�i�f�i�c� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �c�a�n� �b�e� �r�e�v�i�e�w�e�d� �f�r�o�m� �t�h�e� 

�t�e�x�t�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �r�e�c�o�r�d�e�d� �f�o�r� �t�h�e� �f�o�u�r� �d�i�f�f�e�r�e�n�t� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.� �E�a�c�h� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �p�a�t�t�e�r�n� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �b�a�s�i�c� �s�l�o�p�e�r�.� 

�T�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �i�s� �t�h�e� �b�a�s�i�c� �s�l�o�p�e�r� �p�a�t�t�e�r�n� �w�i�t�h� �s�e�a�m� 

�a�l�l�o�w�a�n�c�e�s� �a�d�d�e�d� �s�o� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �g�a�r�m�e�n�t� �i�s� �p�o�s�s�i�b�l�e�.� 

�T�h�e� �b�a�s�i�c� �p�a�t�t�e�r�n� �p�i�e�c�e�s� �u�s�e�d� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �4�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �f�r�o�m� �t�h�e� �b�a�s�i�c� 

�b�o�d�i�c�e� �i�n�v�o�l�v�e�s� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �b�a�c�k� �s�h�o�u�l�d�e�r� �d�a�r�t� �t�o� 

�t�h�e� �b�a�c�k� �b�o�d�i�c�e� �a�r�m�h�o�l�e�,� �a�n�d� �p�a�r�t� �o�f� �t�h�e� �b�u�s�t� �d�a�r�t� �t�o� �t�h�e
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�T�a�b�l�e� �4� 

�S�e�a�n�l�i�n�e� �M�e�a�s�u�r�e�m�e�n�t�s� �o�f� �S�l�e�e�v�e�/�B�o�d�i�c�e� �S�t�r�u�c�t�u�r�e�s� 

� � 

�(�I�n�c�h�e�s�)� 

�S�l�e�e�v�e�/�B�o�d�i�c�e� �U�n�d�e�r�a�r�m� �S�i�d�e� �S�e�a�m� �T�o�t�a�l� 
�S�t�r�u�c�t�u�r�e�s� �S�e�a�m� 

�S�e�t� �I�n� �1�5�.�6�3� �7�.�8�7� �2�3�.�5�0� 

�K�i�m�o�n�o� �1�7�.�0�0� �6�.�1�2� �2�3�.�1�2� 
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�4�7� 

�f�r�o�n�t� �b�o�d�i�c�e� �a�r�m�h�o�l�e� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �T�h�i�s� �p�a�t�t�e�r�n� �c�h�a�n�g�e� 

�p�r�o�v�i�d�e�s� �e�x�t�r�a� �f�u�l�l�n�e�s�s� �t�o� �t�h�e� �s�h�o�u�l�d�e�r�/�a�r�m�s�c�y�e� �a�r�e�a� �o�f� �t�h�e� 

�k�i�m�o�n�o� �s�l�e�e�v�e�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�.� �W�h�e�n� �t�h�e� 

�s�l�e�e�v�e� �i�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �f�r�o�n�t� �a�n�d� �b�a�c�k� �b�o�d�i�c�e�s�,� �t�h�e� 

�a�r�m�s�c�y�e� �s�e�a�m� �o�f� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �i�s� �e�l�i�m�i�n�a�t�e�d� �i�n� �t�h�e� 

�k�i�m�o�n�o� �s�l�e�e�v�e� �p�a�t�t�e�r�n�.� �T�h�i�s� �c�o�m�b�i�n�a�t�i�o�n� �a�d�d�s� �a�d�d�i�t�i�o�n�a�l� 

�e�a�s�e� �i�n� �t�h�e� �a�r�m�s�c�y�e� �a�r�e�a�,� �a�n�d� �r�e�q�u�i�r�e�s� �t�h�e� �s�l�e�e�v�e� �t�o� �h�a�v�e� 

�t�h�e� �s�a�m�e� �g�r�a�i�n�l�i�n�e� �p�o�s�i�t�i�o�n� �a�s� �t�h�e� �b�o�d�i�c�e�s�.� �F�i�g�u�r�e� �5� 

�i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �b�o�d�i�c�e�s� �a�n�d� �s�l�e�e�v�e� �p�a�t�t�e�r�n� 

�f�o�r� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �p�a�t�t�e�r�n�.� 

�T�h�e� �s�e�a�m�l�i�n�e�s� �i�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �c�h�a�n�g�e� �d�u�e� �t�o� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �p�a�t�t�e�r�n�.� �W�h�e�n� �t�h�e� �s�l�e�e�v�e� �i�s� �s�e�t� �w�i�t�h� �t�h�e� 

�b�o�d�i�c�e�s�,� �1�/�4�-�i�n�c�h� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �t�o�p� �o�f� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�,� 

�t�h�u�s� �a�d�d�i�n�g� �t�h�e� �s�a�m�e� �a�m�o�u�n�t� �t�o� �t�h�e� �t�o�t�a�l� �o�v�e�r�a�r�m� �l�e�n�g�t�h� �o�f� 

�t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �T�o� �f�o�r�m� �t�h�e� �u�n�d�e�r�a�r�m� 

�s�e�a�m� �o�f� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�,� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e�'�s� �s�i�d�e� �s�e�a�m�s� �a�r�e� 

�s�h�o�r�t�e�n�e�d� �b�y� �o�n�e� �i�n�c�h� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �T�h�e� �s�l�e�e�v�e� 

�u�n�d�e�r�a�r�m� �s�e�a�m� �i�s� �c�h�a�n�g�e�d� �t�o� �m�e�e�t� �t�h�e� �n�e�w� �l�o�w�e�r�e�d� �s�i�d�e� �s�e�a�m� 

�p�o�s�i�t�i�o�n� �a�n�d� �c�u�r�v�e�d� �t�o� �f�o�r�m� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �u�n�d�e�r�a�r�m� �s�e�a�m� �o�f� 

�t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �(�F�i�g�u�r�e� �5�)�.� �T�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �s�i�d�e� �s�e�a�m� 

�o�f� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �i�s� �t�h�e�r�e�f�o�r�e� �s�h�o�r�t�e�r� �t�h�a�n� �t�h�e� �s�e�t�-�i�n� 

�s�l�e�e�v�e�,� �a�n�d� �t�h�e� �u�n�d�e�r�a�r�m� �s�e�a�m� �i�s� �l�o�n�g�e�r�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �d�e�s�c�r�i�b�e�d� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� 

�a�r�e� �i�n�d�i�c�a�t�e�d� �i�n� �T�a�b�l�e� �4�.
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�4�9� 

�I�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t�,� �A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)� 

�b�e�g�i�n�s� �t�h�e� �p�a�t�t�e�r�n� �d�e�v�e�l�o�p�m�e�n�t� �b�y� �a�d�d�i�n�g� �1�/�4�-�i�n�c�h� �t�o� �t�h�e� �c�a�p� 

�o�f� �t�h�e� �s�l�e�e�v�e� �a�n�d� �s�u�b�t�r�a�c�t�i�n�g� �1� �1�/�2�-�i�n�c�h�e�s� �f�r�o�m� �t�h�e� �u�n�d�e�r�a�r�m� 

�s�e�a�m� �o�f� �t�h�e� �s�l�e�e�v�e�.� �T�h�e� �s�l�e�e�v�e� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �f�r�o�n�t� �a�n�d� 

�b�a�c�k� �s�e�c�t�i�o�n�s�.� �T�h�e� �b�o�d�i�c�e�s� �a�r�e� �t�h�e�n� �a�l�t�e�r�e�d� �b�y� �s�u�b�t�r�a�c�t�i�n�g� 

�2� �1�/�2�-�i�n�c�h�e�s� �f�r�o�m� �t�h�e� �s�i�d�e� �s�e�a�m�s� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �T�h�e� 

�f�r�o�n�t� �b�o�d�i�c�e� �i�s� �m�a�n�i�p�u�l�a�t�e�d� �t�o� �a�l�l�o�w� �1�/�2�-�i�n�c�h� �o�f� �t�h�e� �b�u�s�t� 

�d�a�r�t� �t�o� �k�e�c�o�m�e� �f�u�l�l�n�e�s�s� �i�n� �t�h�e� �a�r�m�h�o�l�e� �a�r�e�a� �(�A�r�m�s�t�r�o�n�g�,� 

�1�9�8�7�)�.� �T�h�e� �p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �s�l�e�e�v�e� �p�a�t�t�e�r�n�s� �t�o� �t�h�e� �b�o�d�i�c�e� 

�i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �6�.� 

�W�h�e�n� �t�h�e� �s�l�e�e�v�e� �a�n�d� �b�o�d�i�c�e�s� �a�r�e� �c�o�m�b�i�n�e�d�,� �t�h�e� �g�r�a�i�n�l�i�n�e� 

�p�o�s�i�t�i�o�n�s� �f�o�r� �t�h�e� �f�i�n�i�s�h�e�d� �p�a�t�t�e�r�n� �p�i�e�c�e�s� �a�r�e� �p�l�a�c�e�d� 

�p�a�r�a�l�l�e�l� �t�o� �t�h�e� �c�e�n�t�e�r� �f�r�o�n�t� �o�r� �c�e�n�t�e�r� �b�a�c�k� �o�f� �t�h�e� �b�o�d�i�c�e�.� 

�I�n� �F�i�g�u�r�e� �6�,� �t�h�e� �s�l�e�e�v�e� �h�a�s� �b�e�e�n� �p�l�a�c�e�d� �s�o� �t�h�a�t� �t�h�e� �a�n�g�l�e� 

�f�o�r�m�e�d� �b�y� �t�h�e� �s�l�e�e�v�e� �a�n�d� �s�i�d�e� �s�e�a�m� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �a�n�g�l�e� �o�f� 

�t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�.� �I�n� �o�r�d�e�r� �f�o�r� �t�h�e� �a�r�m� �t�o� �b�e� �m�o�v�e�d� �t�o� 

�d�i�f�f�e�r�e�n�t�.� �p�o�s�i�t�i�o�n�s�,� �a� �g�u�s�s�e�t� �i�s� �m�a�d�e� �t�o� �f�i�t� �t�h�e� �s�l�i�t� �m�a�d�e� 

�a�t� �t�h�e� �u�n�d�e�r�a�r�m�/�s�i�d�e� �s�e�a�m� �i�n�t�e�r�s�e�c�t�i�o�n�.� �T�h�e� �g�u�s�s�e�t� �i�s� �m�a�d�e� 

�t�o� �r�e�p�l�a�c�e� �t�h�e� �l�e�n�g�t�h� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �u�n�d�e�r�a�r�m� �s�e�a�m� �a�n�d� 

�S�i�d�e� �s�e�a�m�.� �B�a�s�e�d� �o�n� �m�a�t�h�e�m�a�t�i�c�a�l� �c�a�l�c�u�l�a�t�i�o�n� �t�h�e� �d�i�m�e�n�s�i�o�n�s� 

�o�f� �t�h�e� �g�u�s�s�e�t� �a�r�e� �3� �1�/�2�-�i�n�c�h�e�s� �o�n� �e�a�c�h� �s�i�d�e� �w�i�t�h� �a� �c�e�n�t�e�r� 

�l�e�n�g�t�h� �o�f� �5�.�7�4� �i�n�c�h�e�s� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �W�h�e�n� �t�h�e� �g�u�s�s�e�t� �i�s� 

�s�e�w�n� �i�n�t�o� �t�h�e� �s�l�i�t� �o�f� �t�h�e� �u�n�d�e�r�a�r�m�,� �t�h�e� �u�n�d�e�r�a�r�m� �s�e�a�m� �l�e�n�g�t�h� 

�b�e�c�o�m�e�s� �1�7� �i�n�c�h�e�s� �a�n�d� �t�h�e� �s�i�d�e� �s�e�a�m� �l�e�n�g�t�h� �8�.�2�5� �i�n�c�h�e�s� 

�(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.
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�5�1� 

�F�o�r� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e�,� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �p�a�t�t�e�r�n� 

�i�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�,� �i�n� �t�h�a�t� �t�h�e� 

�s�h�o�u�l�d�e�r� �d�a�r�t� �i�s� �m�o�v�e�d� �t�o� �t�h�e� �b�a�c�k� �a�r�m�h�o�l�e� �a�n�d� �1�/�2�-�i�n�c�h� �o�f� 

�t�h�e� �b�u�s�t� �d�a�r�t� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �f�r�o�n�t� �a�r�m�h�o�l�e� �(�A�r�m�s�t�r�o�n�g�,� 

�1�9�8�7�)�.� �T�o� �d�e�v�e�l�o�p� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e�,� �p�a�r�t� �o�f� �t�h�e� �b�o�d�i�c�e� �i�s� 

�r�e�m�o�v�e�d� �a�n�d� �a�d�d�e�d� �t�o� �t�h�e� �s�l�e�e�v�e�,� �t�h�u�s� �e�s�t�a�b�l�i�s�h�i�n�g� �t�h�e� 

�t�r�a�d�i�t�i�o�n�a�l� �n�e�c�k�l�i�n�e�-�t�o�-�u�n�d�e�r�a�r�m� �s�e�a�m�l�i�n�e�.� �S�i�n�c�e� �p�a�r�t� �o�f� 

�t�h�e� �b�o�d�i�c�e� �i�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �s�l�e�e�v�e�,� �t�h�e� �b�o�d�i�c�e� �p�a�t�t�e�r�n�s� 

�a�r�e� �r�e�d�u�c�e�d� �i�n� �s�i�z�e�.� �T�h�e� �b�o�d�i�c�e� �a�r�e�a� �w�h�i�c�h� �i�s� �a�t�t�a�c�h�e�d� �t�o� 

�t�h�e� �s�l�e�e�v�e� �c�h�a�n�g�e�s� �i�t�s� �g�r�a�i�n�l�i�n�e� �p�o�s�i�t�i�o�n�.� �T�h�e� �g�r�a�i�n�l�i�n�e� �i�s� 

�c�h�a�n�g�e�d� �f�r�o�m� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �c�e�n�t�e�r� �f�r�o�n�t� �o�r� �b�a�c�k� �t�o� 

�p�a�r�a�l�l�e�l� �t�o� �t�h�e� �s�h�o�u�l�d�e�r� �s�e�a�m� �a�t� �t�h�e� �b�i�c�e�p� �(�F�i�g�u�r�e� �7�)�.� 

�T�o� �d�e�v�e�l�o�p� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �p�a�t�t�e�r�n�,� �a�d�d�i�t�i�o�n�a�l� 

�f�u�l�l�n�e�s�s� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �u�n�d�e�r�a�r�m� �s�e�a�m� �a�n�d� �c�a�p� �a�r�e�a� �b�y� 

�s�l�a�s�h�i�n�g� �t�h�e� �p�a�t�t�e�r�n� �a�n�d� �p�i�v�o�t�i�n�g� �t�h�e� �u�n�d�e�r�a�r�m�/�a�r�m�s�c�y�e� 

�p�o�s�i�t�i�o�n� �u�p� �o�n�e� �i�n�c�h� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �T�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� 

�o�f� �e�a�c�h� �b�o�d�i�c�e� �i�s� �t�h�e�n� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �s�l�e�e�v�e� �(�F�i�g�u�r�e� �7�)�.� 

�I�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �t�h�e� �s�i�d�e� �s�e�a�m�s� �o�f� 

�t�h�e� �b�o�d�i�c�e�s� �a�r�e� �n�o�t� �c�h�a�n�g�e�d� �a�n�d� �a�r�e� �t�h�e�r�e�f�o�r�e� �t�h�e� �s�a�m�e� 

�l�e�n�g�t�h� �a�s� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e� �o�f� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�.� �T�h�e� 

�u�n�d�e�r�a�r�m� �s�e�a�m� �i�s� �i�n�c�r�e�a�s�e�d� �b�y� �a�t� �l�e�a�s�t� �o�n�e� �i�n�c�h�,� �a�n�d� �t�h�e� 

�o�v�e�r�a�r�m� �s�e�a�m� �b�y� �1�/�4� �i�n�c�h� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �T�h�e� �f�i�n�a�l� 

�l�e�n�g�t�h�s� �o�f� �t�h�e� �s�e�a�m�s� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �4�.



�5�2� 

� � 
� � 

� � � � 
�F�i�g�u�r�e� �7� 

�R�a�g�l�a�n� �S�l�e�e�v�e� �P�a�t�t�e�r�n� 

�A�r�m�s�t�r�o�n�g�,� �H�.�J�.� �(�1�9�8�7�)�.� �P�a�t�t�e�r�n�m�a�k�i�n�g� �f�o�r� �f�a�s�h�i�o�n� �d�e�s�i�g�n�.� 
�N�e�w� �Y�o�r�k�:� �H�a�r�p�e�r� �a�n�d� �R�o�w�.



�5�3� 

�S�u�m�m�a�r�y� 

�T�h�i�s� �r�e�v�i�e�w� �o�f� �l�i�t�e�r�a�t�u�r�e� �e�s�t�a�b�l�i�s�h�e�d� �t�h�e� �f�a�c�t� �t�h�a�t� 

�r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �p�r�o�v�i�d�e� �a�p�p�a�r�e�l� �d�e�s�i�g�n� 

�p�r�o�c�e�s�s�e�s� �f�r�o�m� �w�h�i�c�h� �c�l�o�t�h�i�n�g� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �s�p�e�c�i�f�i�c� 

�u�s�e�r� �n�e�e�d�s�.� �T�h�r�o�u�g�h� �a� �s�e�r�i�e�s� �o�f� �s�t�e�p�s�,� �a� �d�e�s�i�g�n�e�r� �m�a�y� �b�e�g�i�n� 

�b�y� �i�d�e�n�t�i�f�y�i�n�g� �a� �u�s�e�r�'�s� �c�l�o�t�h�i�n�g� �n�e�e�d�s� �a�n�d� �p�r�o�g�r�e�s�s� �t�o� �a� 

�f�i�n�a�l� �g�a�r�m�e�n�t� �d�e�s�i�g�n�.� �I�n� �t�h�e� �s�t�e�p�s� �t�h�a�t� �a�r�e� �f�o�l�l�o�w�e�d� �i�n� �t�h�e� 

�p�r�o�c�e�s�s�,� �t�h�e�r�e� �a�r�e� �g�a�p�s� �w�h�i�c�h� �t�h�e� �d�e�s�i�g�n�e�r� �m�u�s�t� �b�r�i�d�g�e� �b�y� 

�"�C�r�e�a�t�i�v�e� �i�n�t�e�g�r�a�t�i�o�n�"�.� �T�h�i�s� �i�s� �w�h�a�t� �t�h�e� �d�e�s�i�g�n�e�r� 

�i�n�t�u�i�t�i�v�e�l�y� �b�e�l�i�e�v�e�s� �w�i�l�l� �s�a�t�i�s�f�y� �t�h�e� �n�e�e�d�.� �T�h�e� �l�e�s�s� �a� 

�d�e�s�i�g�n�e�r� �m�u�s�t� �r�e�l�y� �o�n� �t�h�e� �i�n�t�u�i�t�i�v�e� �r�e�s�p�o�n�s�e�s� �o�f� �a�n� 

�i�n�d�i�v�i�d�u�a�l� �t�h�e� �m�o�r�e� �o�b�j�e�c�t�i�v�e� �t�h�e� �d�e�s�i�g�n� �w�i�l�l� �b�e�c�o�m�e�.� 

�W�h�e�n� �d�e�s�i�g�n�i�n�g� �f�u�n�c�t�i�o�n�a�l� �c�l�o�t�h�i�n�g�,� �f�r�e�e�d�o�m� �o�f� �b�o�d�y� 

�m�o�v�e�m�e�n�t� �i�s� �o�f�t�e�n� �a�n� �i�d�e�n�t�i�f�i�e�d� �n�e�e�d� �w�h�i�c�h� �t�h�e� �d�e�s�i�g�n�e�r� �m�u�s�t� 

�s�a�t�i�s�f�y�.� �D�a�t�a� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �t�o� �s�e�l�e�c�t�i�n�g� �a�p�p�a�r�e�l� 

�c�o�m�p�o�n�e�n�t�s� �b�a�s�e�d� �o�n� �b�o�d�y� �m�o�v�e�m�e�n�t�s� �a�r�e� �u�s�e�f�u�l�.� �R�e�s�e�a�r�c�h� 

�w�h�i�c�h� �h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �t�o� �c�o�r�r�e�l�a�t�e� �b�o�d�y� �m�o�v�e�m�e�n�t�s� �o�r� 

�p�o�s�i�t�i�o�n�s� �t�o� �g�a�r�m�e�n�t� �s�t�r�u�c�t�u�r�e�s� �h�a�s� �c�o�n�c�e�n�t�r�a�t�e�d� �o�n� �o�n�e� �b�o�d�y� 

�p�o�s�i�t�i�o�n�,� �t�h�e� �f�a�b�r�i�c� �u�s�e�d�,� �o�r� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� 

�t�h�e� �g�a�r�m�e�n�t�.� �N�o� �l�i�t�e�r�a�t�u�r�e� �w�a�s� �f�o�u�n�d� �t�h�a�t� �d�e�s�c�r�i�b�e�d� �o�r� 

�s�u�p�p�o�r�t�e�d� �t�h�e� �u�s�e� �o�f� �o�n�e� �t�y�p�e� �o�f� �g�a�r�m�e�n�t� �s�t�r�u�c�t�u�r�e� �o�v�e�r� 

�a�n�o�t�h�e�r� �f�o�r� �p�a�r�t�i�c�u�l�a�r� �b�o�d�y� �p�o�s�i�t�i�o�n�s�.� 

�T�o� �c�e�v�e�l�o�p� �g�a�r�m�e�n�t� �s�t�r�u�c�t�u�r�e�s�,� �f�l�a�t� �p�a�t�t�e�r�n� �m�e�t�h�o�d�s� �a�r�e� 

�t�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �u�s�e�d�.� �T�h�o�u�g�h� �v�a�r�i�o�u�s� �t�e�x�t�s� �h�a�v�e� �b�e�e�n



�5�4� 

�p�u�b�l�i�s�h�e�d� �w�h�i�c�h� �d�e�s�c�r�i�b�e� �h�o�w� �b�a�s�i�c� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�a�r�e� �d�e�v�e�l�o�p�e�d�,� �A�r�m�s�t�r�o�n�g�'�s� �(�1�9�8�7�)� �t�e�x�t� �w�a�s� �t�h�e� �m�o�s�t� �p�r�e�c�i�s�e�.� 

�F�r�o�m� �t�h�i�s� �t�e�x�t�,� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �c�o�u�l�d� �b�e� �r�e�v�i�e�w�e�d� �f�r�o�m� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e�.� 

�I�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �a�b�o�u�t� �t�h�e� �r�a�n�g�e� �o�f� �m�o�t�i�o�n� �a�n�d� 

�t�h�e� �b�i�o�m�e�c�h�a�n�i�c�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �o�f� �t�h�e� 

�b�o�d�y�.� �I�n�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �g�a�r�m�e�n�t� 

�s�t�r�u�c�t�u�r�e�s� �o�r� �p�a�t�t�e�r�n�s� �i�s� �a�l�s�o� �a�v�a�i�l�a�b�l�e�.� �I�n�f�o�r�m�a�t�i�o�n� 

�r�e�l�a�t�i�n�g� �t�h�e� �t�w�o� �w�a�s� �n�o�t� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� 

�T�h�e�r�e�f�o�r�e� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�p�o�s�s�i�b�l�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� �s�t�r�u�c�t�u�r�e�s�'� �b�e�h�a�v�i�o�r� �w�h�e�n� �t�h�e� �s�h�o�u�l�d�e�r� 

�c�o�m�p�l�e�x� �a�s�s�u�m�e�s� �d�i�f�f�e�r�e�n�t� �p�o�s�i�t�i�o�n�s�.



�C�H�A�P�T�E�R� �I�I�I� 

�S�T�A�T�E�M�E�N�T� �O�F� �P�R�O�B�L�E�M� 

�I�n� �a�n� �a�p�p�a�r�e�l� �d�e�s�i�g�n� �p�r�o�c�e�s�s�,� �a� �r�e�s�e�a�r�c�h�e�r� �m�a�y� 

�s�y�s�t�e�m�a�t�i�c�a�l�l�y� �f�o�l�l�o�w� �s�t�e�p�s� �w�h�i�c�h� �l�e�a�d� �t�o� �a� �f�i�n�a�l� �d�e�s�i�g�n�.� 

�I�n� �t�h�i�s� �p�r�o�c�e�s�s�,� �d�a�t�a� �o�r� �i�n�f�o�r�m�a�t�i�o�n� �a�r�e� �p�r�o�v�i�d�e�d� �t�o� 

�e�l�i�m�i�n�a�t�e� �o�r� �r�e�d�u�c�e� �t�h�e� �n�e�e�d� �f�o�r� �i�n�t�u�i�t�i�v�e� �s�o�l�u�t�i�o�n�s� �t�o� �a� 

�c�l�o�t�h�i�n�g� �p�r�o�b�l�e�m�.� �S�i�n�c�e� �f�r�e�e�d�o�m� �o�f� �b�o�d�y� �m�o�v�e�m�e�n�t� �m�a�y� �b�e� �a� 

�n�e�e�d� �w�h�i�c�h� �c�l�o�t�h�i�n�g� �m�u�s�t� �a�d�d�r�e�s�s�,� �d�a�t�a� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �t�o� 

�s�e�l�e�c�t�i�n�g� �a�p�p�a�r�e�l� �c�o�m�p�o�n�e�n�t�s� �b�a�s�e�d� �o�n� �b�o�d�y� �m�o�v�e�m�e�n�t�s� �a�r�e� 

�u�s�e�f�u�l�.� 

�A� �r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �e�m�p�h�a�s�i�s� 

�h�a�s� �b�e�e�n� �t�o� �c�h�a�n�g�e� �t�h�e� �g�a�r�m�e�n�t� �s�t�r�u�c�t�u�r�e� �t�o� �s�o�l�v�e� �s�p�e�c�i�f�i�c� 

�m�o�v�e�m�e�n�t� �p�r�o�b�l�e�m�s�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �h�a�v�e� �b�e�e�n� �b�a�s�e�d� �o�n� �s�u�c�h� 

�d�a�t�a� �a�s� �g�a�r�m�e�n�t� �f�i�t� �(�A�s�h�d�o�w�n�,� �1�9�9�0�)� �a�n�d� �f�a�b�r�i�c� �s�t�r�e�t�c�h� �(�K�i�r�k� 

�&� �I�b�r�a�h�i�m�,� �1�9�6�6�)�,� �o�r� �o�n� �t�h�e� �r�e�s�e�a�r�c�h�e�r�'�s� �"�c�r�e�a�t�i�v�e� 

�i�n�t�e�g�r�a�t�i�o�n�"� �o�f� �g�a�r�m�e�n�t� �s�t�r�u�c�t�u�r�e�s� �o�r� �c�o�m�p�o�n�e�n�t�s� �(�M�c�C�o�r�m�i�c�k�,� 

�1�9�8�6�;� �M�u�l�l�e�t�,� �1�9�8�4�)�.� �A� �t�h�o�r�o�u�g�h� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �a� 

�g�a�r�m�e�n�t�'�s� �s�t�r�u�c�t�u�r�e� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �b�o�d�y� �m�o�v�e�m�e�n�t�s� 

�i�s� �l�a�c�k�i�n�g�.� 

�T�h�o�u�g�h� �c�l�o�t�h�i�n�g� �c�o�v�e�r�s� �t�h�e� �b�o�d�y�,� �t�h�e� �f�a�b�r�i�c� �a�n�d� �g�a�r�m�e�n�t� 

�s�t�r�u�c�t�u�r�e� �c�a�n� �n�o�t� �d�u�p�l�i�c�a�t�e� �t�h�e� �e�l�a�s�t�i�c� �q�u�a�l�i�t�y� �o�f� �t�h�e� �b�o�d�y� 

�a�r�t�i�c�u�l�a�t�i�o�n�s�.� �F�o�r� �c�l�o�t�h�i�n�g� �d�e�s�i�g�n�,� �r�e�s�e�a�r�c�h�e�r�s� �e�i�t�h�e�r� 

�s�e�l�e�c�t� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �o�r� �a� �d�i�f�f�e�r�e�n�t� �b�o�d�y� �p�o�s�i�t�i�o�n� �o�n� �w�h�i�c�h� 

�t�o� �b�a�s�e� �s�t�r�u�c�t�u�r�a�l� �g�a�r�m�e�n�t� �d�i�m�e�n�s�i�o�n�s�.� �C�h�a�n�g�e�s� �i�n� �b�o�d�y� 
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�p�o�s�i�t�i�o�n� �a�r�e� �o�f�t�e�n� �t�h�o�u�g�h�t� �t�o� �b�e� �o�f� �l�e�s�s�e�r� �i�m�p�o�r�t�a�n�c�e� �a�n�d� 

�t�h�u�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �a� �g�a�r�m�e�n�t�'�s� �d�e�s�i�g�n�.� �W�h�e�n� �t�h�e� �b�o�d�y� 

�m�o�v�e�s�,� �t�h�e� �b�o�n�e�s�,� �m�u�s�c�l�e�s�,� �j�o�i�n�t�s� �a�n�d� �s�k�i�n� �r�e�c�o�n�f�i�g�u�r�e�.� �A� 

�g�a�r�m�e�n�t� �w�h�i�c�h� �c�o�v�e�r�s� �t�h�e� �b�o�d�y� �c�a�n� �n�o�t� �d�u�p�l�i�c�a�t�e� �t�h�e� �s�a�m�e� 

�a�c�t�i�o�n�s� �a�s� �t�h�e� �b�o�d�y�.� �T�h�e� �g�a�r�m�e�n�t�'�s� �r�e�a�c�t�i�o�n� �t�o� �b�o�d�y� 

�m�o�v�e�m�e�n�t� �i�s� �t�o� �s�l�i�p�,� �w�r�i�n�k�l�e�,� �s�t�r�e�t�c�h�,� �o�r� �r�e�s�t�r�i�c�t� �t�h�e� 

�w�e�a�r�e�r�.� 

�W�h�e�n� �d�i�f�f�e�r�e�n�t� �g�a�r�m�e�n�t� �s�t�r�u�c�t�u�r�e�s� �h�a�v�e� �d�i�f�f�e�r�e�n�t� 

�p�h�y�s�i�c�a�l� �d�i�m�e�n�s�i�o�n�s�,� �e�a�c�h� �m�a�y� �b�e� �a�f�f�e�c�t�e�d� �d�i�f�f�e�r�e�n�t�l�y� �w�h�e�n� 

�t�h�e� �b�o�d�y� �c�h�a�n�g�e�s� �p�o�s�i�t�i�o�n�.� �I�n� �d�i�f�f�e�r�e�n�t� �g�a�r�m�e�n�t� �d�e�s�i�g�n�s� �t�h�e� 

�s�t�r�u�c�t�u�r�a�l� �d�i�m�e�n�s�i�o�n�s� �m�a�y� �n�o�t� �b�e� �t�h�e� �s�a�m�e� �e�v�e�n� �w�h�e�n� �t�h�e� 

�g�a�r�m�e�n�t� �i�s� �m�a�d�e� �t�o� �f�i�t� �t�h�e� �s�a�m�e� �b�o�d�y� �p�o�s�i�t�i�o�n�.� �T�h�e�r�e� �n�e�e�d�s� 

�t�o� �b�e� �s�o�m�e� �m�e�a�n�s� �t�o� �p�r�e�d�i�c�t� �t�h�e� �e�f�f�e�c�t� �o�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� 

�d�i�f�f�e�r�e�n�t�.� �b�o�d�y� �p�o�s�i�t�i�o�n�s�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�l� �e�n�a�b�l�e� 

�r�e�s�e�a�r�c�h�e�r�s� �t�o� �s�e�l�e�c�t� �o�r� �e�l�i�m�i�n�a�t�e� �p�o�s�s�i�b�l�e� �g�a�r�m�e�n�t� 

�s�t�r�u�c�t�u�r�e�s� �b�a�s�e�d� �o�n� �b�o�d�y� �m�o�v�e�m�e�n�t�s� �b�e�f�o�r�e� �a� �p�r�o�t�o�t�y�p�e� �i�s� 

�m�a�d�e� �a�n�d� �a� �w�e�a�r�-�t�e�s�t� �c�o�n�d�u�c�t�e�d�.� 

�P�u�r�p�o�s�e� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� 

�e�f�f�e�c�t� �o�f� �d�i�f�f�e�r�e�n�t� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �o�n� �d�i�f�f�e�r�e�n�t� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �S�i�n�c�e� �s�l�e�e�v�e�s� �m�a�y� �h�a�v�e� �n�u�m�e�r�o�u�s� 

�v�a�r�i�a�t�i�o�n�s� �a�n�d� �d�e�s�i�g�n� �d�e�t�a�i�l�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e
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�s�t�r�u�c�t�u�r�e�,� �o�n�l�y� �f�o�u�r� �b�a�s�i�c� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�T�h�e�s�e� �w�e�r�e� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�,� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�,� �t�h�e� �r�a�g�l�a�n� 

�s�l�e�e�v�e�,� �a�n�d� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�e�s� �t�o� 

�d�i�f�f�e�r�e�n�t� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �w�a�s� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e�.� �G�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �m�o�v�e�m�e�n�t�,� �o�r� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �a� 

�g�a�r�m�e�n�t� �a�w�a�y� �f�r�o�m� �a� �s�e�t� �a�n�a�t�o�m�i�c�a�l� �b�o�d�y� �p�o�s�i�t�i�o�n�.� �F�o�r� �t�h�i�s� 

�s�t�u�d�y�,� �s�l�i�p�p�a�g�e� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �l�i�n�e�a�r� �d�i�s�t�a�n�c�e� 

�d�i�s�p�l�a�c�e�m�e�n�t� �a�t� �t�h�e� �w�r�i�s�t�,� �w�a�i�s�t� �a�n�d� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �m�e�a�s�u�r�e�d� �i�n� �i�n�c�h�e�s�.� �T�o� �s�t�u�d�y� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �o�f� �t�h�e� 

�g�a�r�m�e�n�t� �a�n�d� �i�t�s� �w�a�i�s�t�l�i�n�e� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �a�n�g�l�e� �a�t� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �w�a�s� �s�t�u�d�i�e�d�.� 

�T�h�e�o�r�e�t�i�c�a�l� �F�r�a�m�e�w�o�r�k� 

�T�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �o�f� �t�h�e� �b�o�d�y� �i�s� �c�o�m�p�o�s�e�d� �o�f� 

�s�p�e�c�i�f�i�c� �a�n�a�t�o�m�i�c�a�l� �c�o�m�p�o�n�e�n�t�s�,� �s�u�c�h� �a�s� �b�o�n�e�s� �a�n�d� �m�u�s�c�l�e�s�.� 

�I�n� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x�,� �t�h�e� �s�c�a�p�u�l�a�,� �c�l�a�v�i�c�l�e� �a�n�d� �h�u�m�e�r�u�s� 

�b�o�n�e�s� �a�r�e� �i�n�t�e�r�d�e�p�e�n�d�e�n�t�l�y� �l�i�n�k�e�d� �b�y� �t�h�e� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r�,� 

�t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r�,� �t�h�e� �g�l�e�n�o�h�u�m�e�r�a�l�,� �a�n�d� �t�h�e� 

�s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t�s�.� �T�h�e� �m�u�s�c�l�e� �t�i�s�s�u�e� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e�s�e� 

�l�i�n�k�a�g�e�s� �m�a�k�e�s� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �a�r�m� �p�o�s�s�i�b�l�e�.� 

�A� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �i�s� �m�a�d�e� �o�f� �d�i�f�f�e�r�e�n�t� 

�c�o�m�p�o�n�e�n�t�s�,� �t�h�e� �f�a�b�r�i�c� �a�n�d� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e
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�g�a�r�m�e�n�t�'�s� �s�t�y�l�e�,� �w�h�i�c�h� �r�e�a�c�t� �t�o� �b�o�d�y� �m�o�v�e�m�e�n�t�s�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �i�s� �n�o�t� �t�h�e� �s�a�m�e� �a�s� 

�t�h�e� �b�o�d�y�'�s� �w�h�e�n� �t�h�e� �a�r�m� �i�s� �m�o�v�e�d�.� 

�W�h�e�n� �t�h�e� �a�r�m� �a�s�s�u�m�e�s� �v�a�r�i�o�u�s� �p�o�s�i�t�i�o�n�s�,� �t�h�e� �s�h�o�u�l�d�e�r� 

�a�r�e�a� �o�f� �t�h�e� �b�o�d�y� �r�e�c�o�n�f�i�g�u�r�e�s�.� �T�h�i�s� �r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s� �d�u�e� 

�t�o� �t�h�e� �m�o�v�e�m�e�n�t� �a�t� �o�r� �a�r�o�u�n�d� �a� �j�o�i�n�t�.� �A�s� �t�h�e� �j�o�i�n�t� �m�o�v�e�s�,� 

�t�h�e� �b�o�n�e�s� �c�h�a�n�g�e� �p�o�s�i�t�i�o�n�,� �t�h�e� �s�k�i�n� �s�t�r�e�t�c�h�e�s� �o�r� �i�s� 

�c�o�m�p�r�e�s�s�e�d�,� �a�n�d� �t�h�e� �m�u�s�c�l�e�s� �s�t�r�e�t�c�h� �o�r� �c�o�n�t�r�a�c�t�.� �D�u�r�i�n�g� 

�e�x�t�r�e�m�e� �a�r�m� �m�o�v�e�m�e�n�t�s� �t�h�e� �s�k�i�n� �i�s� �c�a�p�a�b�l�e� �o�f� �e�x�t�e�n�d�i�n�g� �o�r� 

�c�o�m�p�r�e�s�s�i�n�g� �a�s� �m�u�c�h� �a�s� �t�h�r�e�e� �i�n�c�h�e�s� �a�c�r�o�s�s� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� 

�(�E�m�a�n�u�e�l� �&� �B�a�r�t�e�r�,� �1�9�5�7�)�.� �U�n�l�e�s�s� �m�a�d�e� �o�f� �a� �s�t�r�e�t�c�h� �f�a�b�r�i�c�,� 

�a� �g�a�r�m�e�n�t�.� �i�t�s�e�l�f� �i�s� �n�o�t� �c�a�p�a�b�l�e� �o�f� �s�t�r�e�t�c�h�i�n�g� �o�r� �c�o�m�p�r�e�s�s�i�n�g� 

�t�o� �s�u�c�h� �a�n� �e�x�t�e�n�t�.� �A� �g�a�r�m�e�n�t�'�s� �r�e�a�c�t�i�o�n� �t�o� �b�o�d�y� �c�h�a�n�g�e�s� �i�s� 

�t�o� �s�l�i�p�,� �w�r�i�n�k�l�e� �o�r� �c�h�a�n�g�e� �p�o�s�i�t�i�o�n�.� 

�F�o�r� �s�m�a�l�l� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �a�r�m�,� �t�h�e� �s�k�i�n� �s�t�r�e�t�c�h� �h�a�s� 

�n�o�t� �b�e�e�n� �m�e�a�s�u�r�e�d�,� �b�u�t� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �m�o�v�e�m�e�n�t� 

�o�f� �t�h�e� �j�o�i�n�t�s� �i�s� �a�v�a�i�l�a�b�l�e�.� �M�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �a�r�m� �l�e�s�s� �t�h�a�n� 

�o�r� �e�q�u�a�l� �t�o� �3�0� �d�e�g�r�e�e�s� �o�f� �f�l�e�x�i�o�n�/�e�x�t�e�n�s�i�o�n� �o�r� 

�a�d�d�u�c�t�i�o�n�/�a�b�d�u�c�t�i�o�n� �t�a�k�e� �p�l�a�c�e� �e�x�c�l�u�s�i�v�e�l�y� �a�t� �t�h�e� 

�g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t� �(�N�o�r�k�i�n� �&� �L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� �S�u�c�h� �m�o�v�e�m�e�n�t�s� 

�a�r�e� �a� �r�o�t�a�t�i�o�n� �o�f� �t�h�e� �h�u�m�e�r�u�s� �i�n� �t�h�e� �g�l�e�n�o�i�d� �f�o�s�s�a� �o�f� �t�h�e� 

�s�c�a�p�u�l�a�.� �N�o� �o�t�h�e�r� �j�o�i�n�t�s� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �m�o�v�e�.� 

�A� �g�a�r�m�e�n�t� �w�h�i�c�h� �i�s� �f�i�t�t�e�d� �t�o� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� 

�s�h�o�u�l�d� �a�l�l�o�w� �f�o�r� �s�o�m�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �a�r�m�.� �A�n�y� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �w�i�t�h� �a�r�m� �m�o�v�e�m�e�n�t�s� �o�f� �3�0� �d�e�g�r�e�e�s� �o�r� �l�e�s�s� �w�o�u�l�d
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�o�c�c�u�r� �a�t� �t�h�e� �w�r�i�s�t� �o�n�l�y�.� �D�u�e� �t�o� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� 

�g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t�,� �t�h�e� �s�m�a�l�l� �a�n�g�u�l�a�r� �c�h�a�n�g�e�s� �o�f� �t�h�e� 

�s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �s�m�a�l�l� �a�m�o�u�n�t�s� �o�f� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e�.� �B�a�s�e�d� �o�n� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e� �i�n� �T�a�b�l�e� �4�,� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �w�o�u�l�d� �s�h�o�w� �t�h�e� 

�g�r�e�a�t�e�s�t� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �d�u�r�i�n�g� �t�h�e�s�e� �m�o�v�e�m�e�n�t�s�,� �b�e�c�a�u�s�e� 

�i�t� �h�a�s� �t�h�e� �s�h�o�r�t�e�s�t� �u�n�d�e�r�a�r�m� �l�e�n�g�t�h�.� �T�h�e� �o�t�h�e�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �h�a�v�e� �u�n�d�e�r�a�r�m� �l�e�n�g�t�h�s� �s�i�m�i�l�a�r� �t�o� 

�e�a�c�h� �o�t�h�e�r� �(�+� �.�3�8� �i�n�c�h�)�,� �a�n�d� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �n�o�t� 

�b�e� �d�i�s�c�e�r�n�a�b�l�e�.� 

�F�o�r� �a�r�m� �m�o�v�e�m�e�n�t�s� �g�r�e�a�t�e�r� �t�h�a�n� �3�0� �d�e�g�r�e�e�s�,� �d�i�f�f�e�r�e�n�t� 

�j�o�i�n�t�s� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �m�o�v�e�m�e�n�t�s�.� �F�r�o�m� �3�0� �d�e�g�r�e�e�s� �t�o� �9�0� 

�d�e�g�r�e�e�s� �o�f� �e�x�t�e�n�s�i�o�n� �o�r� �a�b�d�u�c�t�i�o�n�,� �t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� 

�j�o�i�n�t� �j�o�i�n�s� �t�h�e� �g�l�e�n�o�h�u�m�e�r�a�l� �j�o�i�n�t� �t�o� �a�l�l�o�w� �t�h�e� �a�r�m� �t�o� �b�e� 

�r�a�i�s�e�d� �(�N�o�r�k�i�n� �&� �L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� �F�o�r� �t�h�e�s�e� �m�o�v�e�m�e�n�t�s� �a� 

�g�a�r�m�e�n�t� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �s�l�i�p� �a�t� �t�h�e� �w�r�i�s�t� �b�e�c�a�u�s�e� �t�h�e� 

�s�l�e�e�v�e� �c�a�n� �n�o�t� �r�o�t�a�t�e� �i�n� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �o�f� �t�h�e� �g�a�r�m�e�n�t�.� 

�T�h�e� �s�l�e�e�v�e� �h�a�s� �a� �s�e�t� �l�e�n�g�t�h� �w�h�i�c�h� �h�a�s� �b�e�e�n� �f�i�t�t�e�d� �f�o�r� �t�h�e� 

�a�r�m� �h�a�n�g�i�n�g� �s�t�r�a�i�g�h�t� �a�t� �t�h�e� �s�i�d�e� �o�f� �t�h�e� �b�o�d�y�.� �S�l�i�p�p�a�g�e� �a�t� 

�t�h�e� �w�a�i�s�t� �a�r�e�a� �o�f� �t�h�e� �g�a�r�m�e�n�t� �w�o�u�l�d� �a�l�s�o� �b�e� �e�x�p�e�c�t�e�d� �b�e�c�a�u�s�e� 

�t�h�e� �a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �a�n�d� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t�s� �a�l�l�o�w� �t�h�e� 

�s�h�o�u�l�d�e�r� �a�r�e�a� �t�o� �e�l�e�v�a�t�e�.� �T�h�e� �e�l�e�v�a�t�i�o�n� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� 

�c�o�u�p�l�e�d� �w�i�t�h� �t�h�e� �s�l�e�e�v�e�'�s� �i�n�s�u�f�f�i�c�i�e�n�t� �l�e�n�g�t�h� �a�n�d� �i�n�a�b�i�l�i�t�y� 

�t�o� �r�o�t�a�t�e� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�e� �e�l�e�v�a�t�i�o�n�,� �w�o�u�l�d� �c�a�u�s�e� �v�a�r�y�i�n�g� 

�a�m�o�u�n�t�s� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t�.� �I�n� �d�i�f�f�e�r�e�n�t



�6�0� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �t�h�e� �u�n�d�e�r�a�r�m� �l�e�n�g�t�h�s� �v�a�r�y� �a�n�d� �t�h�e� 

�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �f�a�b�r�i�c� �g�r�a�i�n� �d�i�f�f�e�r�s�.� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� 

�d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �r�e�v�i�e�w� �o�f� �l�i�t�e�r�a�t�u�r�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �T�a�b�l�e� 

�4� �a�n�d� �F�i�g�u�r�e�s� �4�,� �5�,� �6� �a�n�d� �7�.� 

�W�h�e�n� �t�h�e� �a�r�m� �i�s� �f�l�e�x�e�d� �o�r� �a�b�d�u�c�t�e�d� �m�o�r�e� �t�h�a�n� �9�0� 

�d�e�g�r�e�e�s�,� �a�l�l� �f�o�u�r� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �j�o�i�n�t�s� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� 

�m�o�v�e�m�e�n�t�s�.� �T�h�e� �g�l�e�n�o�h�u�m�e�r�a�l�,� �s�t�e�r�n�o�c�l�a�v�i�c�u�l�a�r�,� 

�a�c�r�o�m�i�o�c�l�a�v�i�c�u�l�a�r� �a�n�d� �s�c�a�p�u�l�o�t�h�o�r�a�c�i�c� �j�o�i�n�t�s� �m�a�k�e� �t�h�e�s�e� 

�m�o�v�e�m�e�n�t�s� �p�o�s�s�i�b�l�e� �(�N�o�r�k�i�n� �&� �L�e�v�a�n�g�i�e�,� �1�9�8�3�)�.� �T�h�e� �m�o�v�e�m�e�n�t� 

�o�f� �t�h�e� �g�a�r�m�e�n�t� �s�h�o�u�l�d� �e�x�h�i�b�i�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �a�n�d� 

�w�r�i�s�t�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �t�h�e� �s�l�e�e�v�e�s� 

�s�h�o�u�l�d� �s�h�o�w� �v�a�r�y�i�n�g� �a�m�o�u�n�t�s� �o�f� �s�l�i�p�p�a�g�e�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�s�l�i�p�p�a�g�e� �w�o�u�l�d� �b�e� �d�u�e� �t�o� �t�h�e� �t�o�t�a�l� �s�i�d�e� �s�e�a�m� �a�n�d� �u�n�d�e�r�a�r�m� 

�s�l�e�e�v�e� �l�e�n�g�t�h�s� �a�n�d� �t�o� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �e�a�s�e� �i�n� �t�h�e� �s�h�o�u�l�d�e�r� 

�a�r�e�a� �o�f� �t�h�e� �g�a�r�m�e�n�t�.� �T�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �w�i�t�h� �t�h�e� 

�g�r�e�a�t�e�s�t� �t�o�t�a�l� �u�n�d�e�r�a�r�m� �l�e�n�g�t�h� �w�a�s� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� 

�g�u�s�s�e�t�,� �t�h�e� �s�h�o�r�t�e�s�t� �w�a�s� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�.� �T�h�e�r�e�f�o�r�e�,� �w�h�e�n� 

�t�h�e� �a�r�m� �i�s� �e�x�t�e�n�d�e�d� �t�o� �i�t�s� �f�u�l�l� �o�v�e�r�h�e�a�d� �p�o�s�i�t�i�o�n� �t�h�e� �g�u�s�s�e�t� 

�s�l�e�e�v�e� �s�h�o�u�l�d� �s�h�o�w� �t�h�e� �l�e�a�s�t� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�n�d� �t�h�e� �s�e�t�-�i�n� 

�s�l�e�e�v�e� �t�h�e� �m�o�s�t�.� 

�B�a�s�e�d� �o�n� �t�h�e� �m�o�v�e�m�e�n�t�s� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� 

�a�n�d� �t�h�e� �k�n�o�w�n� �p�a�t�t�e�r�n� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�,� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �f�o�r� �e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e� �s�h�o�u�l�d� �b�e� �p�r�e�d�i�c�t�a�b�l�e�.� �T�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �h�a�v�e� �t�h�e� �l�o�n�g�e�s�t� �s�t�r�u�c�t�u�r�a�l� �l�e�n�g�t�h�s� �w�o�u�l�d
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�e�x�h�i�b�i�t� �t�h�e� �l�e�a�s�t� �s�l�i�p�p�a�g�e� �w�h�e�n� �t�h�e� �a�r�m� �i�s� �m�o�v�e�d�.� �I�n� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �a�n�d� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� 

�g�u�s�s�e�t� �p�a�t�t�e�r�n�s� �a�d�d�i�t�i�o�n�a�l� �e�a�s�e� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �s�h�o�u�l�d�e�r� 

�a�r�e�a� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� �D�u�e� �t�o� �t�h�i�s� �a�d�d�i�t�i�o�n�a�l� �e�a�s�e�,� 

�m�o�v�e�m�e�n�t�s� �s�u�c�h� �a�s� �h�o�r�i�z�o�n�t�a�l� �a�b�d�u�c�t�i�o�n� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �l�e�s�s� 

�s�l�i�p�p�a�g�e� �i�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �a�n�d� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� 

�w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �m�o�r�e� �f�i�t�t�e�d� �b�o�d�i�c�e�s� �o�f� �t�h�e� �r�a�g�l�a�n� �o�r� 

�s�e�t�-�i�n� �s�l�e�e�v�e�s�.� 

�F�r�o�m� �t�h�e� �r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�t�h�a�t� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�r�m� �m�o�v�e�m�e�n�t�s� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �u�s�e�s� 

�d�i�f�f�e�r�e�n�t� �j�o�i�n�t�s� �a�n�d� �m�u�s�c�l�e�s�.� �F�o�r� �t�h�e� �s�a�m�e� �b�o�d�y� �p�o�s�i�t�i�o�n� �t�h�e� 

�r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �i�s� �c�o�n�s�i�s�t�e�n�t�.� �T�h�e� 

�f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �s�t�u�d�i�e�d� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� 

�f�r�o�m� �t�h�e� �s�a�m�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �p�a�t�t�e�r�n� �(�A�r�m�s�t�r�o�n�g�,� �1�9�8�7�)�.� 

�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �p�a�t�t�e�r�n�s� �a�r�e� �d�u�e� �t�o� �p�a�t�t�e�r�n� 

�d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e�r�e�f�o�r�e� �w�h�e�n� �t�h�e� �b�o�d�y� �m�o�v�e�s�,� �t�h�e� �g�a�r�m�e�n�t�s� 

�m�a�d�e� �f�r�o�m� �t�h�e� �d�e�v�e�l�o�p�e�d� �p�a�t�t�e�r�n�s� �s�h�o�u�l�d� �r�e�c�o�n�f�i�g�u�r�e� 

�d�i�f�f�e�r�e�n�t�l�y� �d�u�e� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�R�e�s�e�a�r�c�h� �H�y�p�o�t�h�e�s�e�s� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� 

�o�f� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �o�n� �d�i�f�f�e�r�e�n�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�,
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�t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�,� �k�i�m�o�n�o� �s�l�e�e�v�e�,� �r�a�g�l�a�n� �s�l�e�e�v�e� �a�n�d� �k�i�m�o�n�o� 

�s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t�.� �T�h�e� �v�a�r�i�a�b�l�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �w�a�s� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e�,� �m�e�a�s�u�r�e�d� 

�b�y� �t�h�e� �g�a�r�m�e�n�t� �d�i�s�p�l�a�c�e�m�e�n�t� �a�t� �t�h�e� �w�r�i�s�t�,� �w�a�i�s�t�,� �a�n�d� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n�,� �a�n�d� �t�h�e� �a�n�g�l�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �o�f� 

�t�h�e� �g�a�r�m�e�n�t�.� 

�T�h�e� �r�e�s�e�a�r�c�h� �h�y�p�o�t�h�e�s�e�s� �w�e�r�e� �s�t�a�t�e�d� �t�o� �t�e�s�t� �i�f� �t�h�e�r�e� 

�w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �o�r� 

�c�h�a�n�g�e� �i�n� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �f�o�r� �a�l�l� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�a�n�d� �a�l�l� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �I�f� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�e�s� �w�e�r�e� 

�r�e�j�e�c�t�e�d� �a�d�d�i�t�i�o�n�a�l� �p�o�s�t� �h�o�c� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �s�p�e�c�i�f�i�c� �d�i�f�f�e�r�e�n�c�e�s� �w�h�i�c�h� �o�c�c�u�r�r�e�d�.� 

�G�a�r�m�e�n�t� �S�l�i�p�p�a�g�e� �a�t� �W�r�i�s�t� �a�n�d� �W�a�i�s�t� 

�R�e�s�e�a�r�c�h� �H�y�p�o�t�h�e�s�i�s� �I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �a�m�o�n�g� �a�l�l� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�R�e�s�e�a�r�c�h� �H�y�p�o�t�h�e�s�i�s� �I�I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �a�m�o�n�g� �a�l�l� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.
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�R�a�t�i�o�n�a�l�e�:� �T�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �a�r�m� �r�e�s�u�l�t�s� �i�n� �t�h�e� �u�s�e� 

�o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�h�o�u�l�d�e�r� �j�o�i�n�t�s� �a�s� �d�i�f�f�e�r�e�n�t� �a�r�m� �a�n�g�l�e�s� �a�r�e� 

�a�s�s�u�m�e�d� �(�T�a�b�l�e� �2�)�.� �T�h�e� �a�m�o�u�n�t� �o�f� �w�r�i�s�t� �a�n�d� �w�a�i�s�t� �s�l�i�p�p�a�g�e� 

�f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �s�h�o�u�l�d� �v�a�r�y� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e�s�e� 

�s�t�r�u�c�t�u�r�e�s�.� �T�h�e�r�e� �s�h�o�u�l�d� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� 

�t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �v�a�r�i�o�u�s� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� 

�T�h�e� �s�m�a�l�l�e�r� �t�h�e� �a�r�m� �p�o�s�i�t�i�o�n� �a�n�g�l�e�,� �t�h�e� �s�m�a�l�l�e�r� �t�h�e� �a�m�o�u�n�t� 

�o�f� �s�l�i�p�p�a�g�e� �w�h�i�c�h� �s�h�o�u�l�d� �o�c�c�u�r�.� 

�G�a�r�m�e�n�t� �S�l�i�p�p�a�g�e� �a�t� �C�e�n�t�e�r� �B�a�c�k� 

�R�e�s�e�a�r�c�h� �H�y�p�o�t�h�e�s�i�s� �I�I�I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �a�m�o�n�g� �s�e�l�e�c�t�e�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�R�e�s�e�a�r�c�h� �H�y�p�o�t�h�e�s�i�s� �I�V�:� �T�h�e�r�e� �w�i�l�l� �b�e� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�t�h�e� �a�n�g�l�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�m�o�n�g� 

�s�e�l�e�c�t�e�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� 

�f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�R�a�t�i�o�n�a�l�e�:� �T�h�e� �a�n�g�l�e� �a�n�d� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �a�d�d�i�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �t�o� �t�h�e
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�s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �h�a�v�e� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�s�.� �F�o�r� 

�t�h�e� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� 

�e�a�s�e� �a�n�d� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �f�a�b�r�i�c� �g�r�a�i�n� �l�i�n�e� �a�r�e� �d�i�f�f�e�r�e�n�t�.� 

�T�h�e�r�e�f�o�r�e�,� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� 

�s�h�o�u�l�d� �o�c�c�u�r� �f�o�r� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�t� �t�h�e� �v�a�r�i�o�u�s� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� 

�L�i�m�i�t�a�t�i�o�n�s� 

�T�h�e� �t�h�e�o�r�e�t�i�c�a�l� �f�r�a�m�e�w�o�r�k� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �d�i�f�f�e�r�e�n�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �s�l�i�p� 

�d�i�f�f�e�r�e�n�t�l�y� �o�n� �t�h�e� �b�o�d�y�,� �a�n�d� �d�a�t�a� �w�h�i�c�h� �h�e�l�p� �e�x�p�l�a�i�n� �t�h�e�s�e� 

�s�l�i�p�p�a�g�e� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �e�n�a�b�l�e� �d�e�s�i�g�n�e�r�s� �t�o� �m�a�k�e� �m�o�r�e� 

�a�p�p�r�o�p�r�i�a�t�e� �c�l�o�t�h�i�n�g� �d�e�s�i�g�n� �c�h�o�i�c�e�s�.� �A�s� �e�x�p�l�o�r�a�t�o�r�y� 

�r�e�s�e�a�r�c�h�,� �t�h�i�s� �s�t�u�d�y� �h�a�s� �l�i�m�i�t�a�t�i�o�n�s�.� 

�S�o�m�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�i�s� �s�t�u�d�y� �i�n�v�o�l�v�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �f�r�o�m� �A�r�m�s�t�r�o�n�g�'�s� �(�1�9�8�7�)� 

�P�a�t�t�e�r�n�m�a�k�i�n�g� �f�o�r� �F�a�s�h�i�o�n� �D�e�s�i�g�n� �t�e�x�t� �.� �T�h�e� �s�t�r�u�c�t�u�r�e�s� 

�d�e�v�e�l�o�p�e�d� �w�e�r�e� �l�i�m�i�t�e�d� �t�o� �t�h�o�s�e� �f�o�r� �w�h�i�c�h� �i�n�s�t�r�u�c�t�i�o�n�s� �w�e�r�e� 

�g�i�v�e�n�,� �a�n�d� �t�h�e� �s�t�y�l�e� �v�a�r�i�a�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�e� �t�e�x�t� �w�e�r�e� 

�a�s�s�u�m�e�d� �t�o� �b�e� �t�h�e� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e�.� 

�T�h�e� �m�e�t�h�o�d� �u�s�e�d� �t�o� �r�e�c�o�r�d� �t�h�e� �d�a�t�a� �p�r�o�v�i�d�e�d� �o�t�h�e�r� 

�l�i�m�i�t�a�t�i�o�n�s� �t�o� �t�h�i�s� �s�t�u�d�y�.� �S�i�n�c�e� �t�h�i�s� �w�a�s� �a�n� �e�x�p�l�o�r�a�t�o�r�y� 

�s�t�u�d�y�,� �a� �t�e�s�t� �p�r�o�c�e�d�u�r�e� �w�i�t�h� �e�s�t�a�b�l�i�s�h�e�d� �v�a�l�i�d�i�t�y� �w�a�s� �n�o�t
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�a�v�a�i�l�a�b�l�e�.� �T�h�e� �u�s�e� �o�f� �a� �d�i�g�i�t�i�z�e�r� �f�o�r� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �t�h�e� 

�d�a�t�a� �w�a�s� �a�s�s�u�m�e�d� �t�o� �p�r�o�v�i�d�e� �a�c�c�u�r�a�t�e� �r�e�a�d�i�n�g�s�.� 

�A�s�s�u�m�p�t�i�o�n�s� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �a�s�s�u�m�p�t�i�o�n�s� �a�r�e� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �o�n� �w�h�i�c�h� 

�t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �b�a�s�e�d�.� 

�1�.� �E�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �e�x�a�m�i�n�e�d� �a�l�l�o�w�e�d� �f�o�r� 

�n�o�r�m�a�l� �f�:�r�e�e�d�o�m� �o�f� �m�o�v�e�m�e�n�t� �b�y� �a� �s�u�b�j�e�c�t� �w�h�e�n� �s�t�a�n�d�a�r�d� 

�g�u�i�d�e�l�i�n�e�s� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �f�i�t� �w�e�r�e� �m�e� 

�2�.� �G�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �i�s� �a� �m�e�a�s�u�r�a�b�l�e� �v�a�r�i�a�b�l�e� �w�h�i�c�h� 

�v�a�r�i�e�s� �a�m�o�n�g� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.



�C�H�A�P�T�E�R� �I�V� 

�P�R�O�C�E�D�U�R�E� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �s�e�c�t�i�o�n� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�o�p�i�c� �a�r�e�a�s� �b�a�s�e�d� 

�o�n� �t�h�e� �v�a�r�i�a�b�l�e�s� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �T�h�e� �a�r�e�a�s� �d�i�s�c�u�s�s�e�d� 

�a�r�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�,� 

�t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �t�h�e� �s�u�b�j�e�c�t�s�,� �a�n�d� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� 

�a�s�s�u�m�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t�s� �w�h�i�l�e� �w�e�a�r�i�n�g� �t�h�e� �s�t�r�u�c�t�u�r�e�s�,� �a�n�d� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�n�d� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e�.� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �a�n�a�l�y�z�i�n�g� �t�h�e� �c�o�l�l�e�c�t�e�d� �d�a�t�a� �c�o�n�c�l�u�d�e�s� 

�t�h�i�s� �c�h�a�p�t�e�r�.� 

�S�l�e�e�v�e�/�B�o�d�i�c�e� �S�t�r�u�c�t�u�r�e�s� 

�S�l�e�e�v�e�s� �a�n�d� �b�o�d�i�c�e�s� �c�a�n� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �i�n� �m�a�n�y� 

�d�i�f�f�e�r�e�n�t� �s�t�y�l�e�s� �a�n�d� �s�i�l�h�o�u�e�t�t�e�s�.� �F�a�s�h�i�o�n� �d�i�c�t�a�t�e�s� �t�h�e� 

�p�o�p�u�l�a�r� �s�l�e�e�v�e� �s�t�r�u�c�t�u�r�e� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e�.� �A� �s�l�e�e�v�e� �c�a�n� �b�e� 

�c�l�a�s�s�i�f�i�e�d� �a�s� �e�i�t�h�e�r� �a� �s�e�t�-�i�n� �s�l�e�e�v�e�,� �w�h�e�r�e� �t�h�e� �s�l�e�e�v�e� �i�s� 

�c�u�t� �s�e�p�a�r�a�t�e�l�y� �a�n�d� �s�t�i�t�c�h�e�d� �i�n�t�o� �a�n� �a�r�m�h�o�l�e� �o�f� �t�h�e� �b�o�d�i�c�e�;� 

�o�r� �a�s� �a� �s�l�e�e�v�e�/�b�o�d�i�c�e� �c�o�m�b�i�n�a�t�i�o�n� �w�h�e�r�e� �t�h�e� �s�l�e�e�v�e� �i�s� 

�c�o�m�b�i�n�e�d� �w�i�t�h� �a�l�l� �o�r� �p�a�r�t� �o�f� �t�h�e� �b�o�d�i�c�e�.� �S�e�v�e�r�a�l� �b�a�s�i�c� 

�s�l�e�e�v�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �e�x�p�l�a�i�n�e�d� �o�r� �d�e�v�e�l�o�p�e�d� �i�n� �a�l�m�o�s�t� �a�l�l� 

�p�a�t�t�e�r�n�m�a�k�i�n�g� �t�e�x�t�s�.� �T�h�i�s� �s�t�u�d�y� �u�s�e�d� �t�h�e� �t�e�x�t� �w�r�i�t�t�e�n� �b�y� 

�A�r�m�s�t�r�o�n�g� �(�1�9�8�7�)�.� 
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�6�7� 

�G�a�r�m�e�n�t�s� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �t�h�r�o�u�g�h� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �o�f� 

�d�e�s�i�g�n�,� �w�i�t�h� �f�l�a�t� �p�a�t�t�e�r�n� �t�e�c�h�n�i�q�u�e�s�,� �w�h�e�r�e� �p�a�t�t�e�r�n�s� �a�r�e� 

�d�e�v�e�l�o�p�e�d� �f�r�o�m� �a� �b�a�s�i�c� �s�l�o�p�e�r�,� �b�e�i�n�g� �t�h�e� �m�o�s�t� �p�r�e�c�i�s�e� 

�(�M�a�c�D�o�n�a�l�d� �a�n�d� �W�e�i�b�e�l�,� �1�9�8�8�)�.� �T�h�i�s� �m�e�t�h�o�d� �w�a�s� �u�s�e�d� �t�o� �m�a�k�e� 

�t�h�e� �p�a�t�t�e�r�n�s� �f�o�r� �t�h�e� �s�l�e�e�v�e�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�T�h�e� �b�a�s�i�c� �b�o�d�i�c�e� �a�n�d� �s�l�e�e�v�e� �s�l�o�p�e�r�s� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �b�y� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �t�h�r�e�e� �m�e�t�h�o�d�s�:� �d�r�a�p�i�n�g�,� �d�r�a�f�t�i�n�g� �o�r� �f�r�o�m� 

�p�r�e�v�i�o�u�s�l�y� �m�a�d�e� �p�a�t�t�e�r�n�s�.� �A� �p�i�l�o�t� �t�e�s�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �b�e�s�t� �m�e�t�h�o�d� �o�f� �s�l�o�p�e�r� �d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �t�h�i�s� 

�s�t�u�d�y�.� �T�h�e� �c�r�i�t�e�r�i�o�n� �u�s�e�d� �w�a�s� �t�h�e� �f�i�t� �o�f� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e� 

�a�n�d� �s�l�e�e�v�e� �s�l�o�p�e�r�.� �D�r�a�p�i�n�g� �w�a�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �v�i�a�b�l�e� 

�m�e�t�h�o�d� �d�u�e� �t�o� �t�h�e� �t�i�m�e� �a�n�d� �d�i�f�f�i�c�u�l�t�y� �f�a�c�t�o�r�s�.� �D�r�a�f�t�i�n�g� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �t�a�k�e�n� �o�f� �o�n�e� �s�u�b�j�e�c�t�'�s� �b�o�d�y�,� �a�n�d� �p�a�t�t�e�r�n�s� 

�f�o�r� �a� �b�a�s�i�c� �f�r�o�n�t� �b�o�d�i�c�e�,� �b�a�c�k� �b�o�d�i�c�e� �a�n�d� �s�l�e�e�v�e� �s�l�o�p�e�r�s� 

�w�e�r�e� �d�r�a�f�t�e�d�.� �F�r�o�m� �t�h�e� �d�r�a�f�t�e�d� �s�l�o�p�e�r�s� �a� �b�o�d�i�c�e� �w�i�t�h� �s�e�t�-�i�n� 

�s�l�e�e�v�e�s� �w�a�s� �m�a�d�e�.� �A� �c�o�m�m�e�r�c�i�a�l� �p�a�t�t�e�r�n� �o�f� �t�h�e� �b�a�s�i�c� �b�o�d�i�c�e� 

�a�n�d� �s�l�e�e�v�e� �w�a�s� �a�l�t�e�r�e�d� �f�o�r� �t�h�e� �b�o�d�y� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �s�a�m�e� 

�s�u�b�j�e�c�t� �a�n�d� �a�n�o�t�h�e�r� �g�a�r�m�e�n�t� �c�o�n�s�t�r�u�c�t�e�d�.� �W�h�e�n� �t�h�e� �t�w�o� 

�g�a�r�m�e�n�t�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �u�s�i�n�g� �t�h�e� �g�u�i�d�e�l�i�n�e�s� �d�e�s�c�r�i�b�e�d� �i�n� 

�m�o�s�t� �f�i�t�t�i�n�g� �t�e�x�t�s�.� �A� �m�o�r�e� �a�c�c�u�r�a�t�e� �f�i�t� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�a�l�t�e�r�a�t�i�o�n�s� �o�f� �t�h�e� �c�o�m�m�e�r�c�i�a�l� �p�a�t�t�e�r�n� �t�h�a�n� �f�r�o�m� �t�h�e� �p�a�t�t�e�r�n� 

�m�a�d�e� �b�y� �d�r�a�f�t�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� �T�h�i�s� �d�i�s�c�r�e�p�a�n�c�y� �m�a�y� �b�e� �d�u�e� �t�o� 

�t�h�e� �r�e�s�e�a�r�c�h�e�r�'�s� �l�a�c�k� �o�f� �d�r�a�f�t�i�n�g� �p�r�a�c�t�i�c�e� �a�s� �o�p�p�o�s�e�d� �t�o� 

�f�i�t�t�i�n�g� �a�n�d� �a�l�t�e�r�a�t�i�o�n� �s�k�i�l�l�s�.



�6�8� 

�T�h�e� �b�a�s�i�c� �s�l�o�p�e�r� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �s�l�e�e�v�e� �s�t�r�u�c�t�u�r�e�s� 

�u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �m�a�d�e� �f�r�o�m� �t�h�e� �c�o�m�m�e�r�c�i�a�l� �s�e�w�i�n�g� 

�p�a�t�t�e�r�n�,� �B�u�t�t�e�r�i�c�k� �3�4�1�5�.� �T�h�e� �s�i�z�e� �o�f� �t�h�e� �c�o�m�m�e�r�c�i�a�l� �p�a�t�t�e�r�n� 

�p�u�r�c�h�a�s�e�d� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �a� �s�u�b�j�e�c�t�'�s� 

�p�e�r�s�o�n�a�l� �b�o�d�y� �m�e�a�s�u�r�e�m�e�n�t�s� �w�i�t�h� �t�h�e� �p�a�t�t�e�r�n�'�s� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�T�h�e� �w�e�a�r�i�n�g� �e�a�s�e� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �s�l�o�p�e�r� �w�a�s�:� �1�/�4�-�i�n�c�h� �t�o� 

�c�e�n�t�e�r� �f�r�o�n�t� �l�e�n�g�t�h�,� �1�/�4�-�i�n�c�h� �t�o� �s�h�o�u�l�d�e�r� �t�i�p� �w�i�d�t�h�,� �2� 

�i�n�c�h�e�s� �t�o� �b�u�s�t� �c�i�r�c�u�m�f�e�r�e�n�c�e�,� �3�/�4�-�i�n�c�h� �t�o� �w�a�i�s�t� 

�c�i�r�c�u�m�f�e�r�e�n�c�e�,� �1� �1�/�2�-�i�n�c�h�e�s� �t�o� �b�i�c�e�p�s� �c�i�r�c�u�m�f�e�r�e�n�c�e� �a�n�d� �1�-� 

�i�n�c�h� �t�o� �w�r�i�s�t� �c�i�r�c�u�m�f�e�r�e�n�c�e�.� �F�o�r� �c�o�n�s�i�s�t�e�n�c�y� �a�n�d� 

�r�e�p�e�a�t�a�b�i�l�i�t�y�,� �o�n�e� �r�e�f�e�r�e�n�c�e� �b�o�o�k� �w�a�s� �u�s�e�d� �i�n� �d�e�v�e�l�o�p�i�n�g� 

�f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �f�r�o�m� �t�h�e� �s�l�o�p�e�r�.� �T�h�e� 

�r�e�s�e�a�r�c�h�e�r� �h�a�s� �f�o�u�n�d� �t�h�r�o�u�g�h� �p�e�r�s�o�n�a�l� �e�x�p�e�r�i�e�n�c�e� �a�n�d� �r�e�v�i�e�w� 

�o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �t�h�a�t� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �d�e�s�c�r�i�b�e�d� �b�y� �A�r�m�s�t�r�o�n�g� 

�(�1�9�8�7�)�,� �i�n� �P�a�t�t�e�r�n�m�a�k�i�n�g� �f�o�r� �F�a�s�h�i�o�n� �D�e�s�i�g�n�,� �a�r�e� �m�o�r�e� 

�p�r�e�c�i�s�e� �t�h�a�n� �o�t�h�e�r� �t�e�x�t�s� �w�h�i�c�h� �a�l�l�o�w� �f�o�r� �d�e�s�i�g�n�e�r�'�s� �f�r�e�e�d�o�m� 

�o�f� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�.� 

�T�h�e� �f�o�u�r� �b�a�s�i�c� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �u�s�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y� �w�e�r�e�:� 

�1�.� �S�e�t�-�i�n� 
�2�.� �K�i�m�o�n�o� 
�3�.� �R�a�g�l�a�n� 
�4�.� �K�i�m�o�n�o� �w�i�t�h� �g�u�s�s�e�t�.� 

�T�h�e�s�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �p�a�t�t�e�r�n� �p�i�e�c�e�s� �a�r�e� 

�p�i�c�t�u�r�e�d� �i�n� �F�i�g�u�r�e�s� �3�,� �4�,� �5�,� �6� �a�n�d� �7� �i�n� �C�h�a�p�t�e�r� �I�I�.



�6�9� 

�S�i�n�c�e� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �u�n�d�e�r�s�t�a�n�d� 

�t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�,� �f�a�b�r�i�c� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� �m�a�y� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �a� �s�l�e�e�v�e�'�s� �f�u�n�c�t�i�o�n� �w�e�r�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �u�s�i�n�g� 

�o�n�e� �p�l�a�i�n� �w�e�a�v�e� �f�a�b�r�i�c�.� �A� �o�n�e�-�i�n�c�h� �g�i�n�g�h�a�m� �c�h�e�c�k� �f�a�b�r�i�c� �w�a�s� 

�u�s�e�d� �b�e�c�a�u�s�e� �t�h�e� �g�r�a�i�n� �w�a�s� �e�a�s�i�l�y� �r�e�c�o�g�n�i�z�e�d� �a�n�d� �t�h�e� �s�t�r�e�t�c�h� 

�o�f� �t�h�e� �f�a�b�r�i�c� �w�a�s� �m�i�n�i�m�a�l�.� �A� �t�o�t�a�l� �b�o�d�i�c�e� �w�i�t�h� �t�h�e� �r�i�g�h�t� 

�a�n�d� �l�e�f�t� �s�l�e�e�v�e�s� �w�a�s� �p�r�o�d�u�c�e�d� �t�o� �p�r�o�v�i�d�e� �b�a�l�a�n�c�e� �a�n�d� �e�a�s�e� �i�n� 

�w�e�a�r�i�n�g� �f�o�r� �t�h�e� �s�u�b�j�e�c�t�.� �T�o� �r�e�d�u�c�e� �b�u�l�k� �a�n�d� �t�o� �f�a�c�i�l�i�t�a�t�e� 

�d�r�e�s�s�i�n�g�,� �a� �2�2�-�i�n�c�h� �d�r�e�s�s� �z�i�p�p�e�r� �w�a�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �c�e�n�t�e�r� 

�f�r�o�n�t� �s�e�a�m�,� �w�i�t�h� �t�h�e� �e�x�c�e�s�s� �z�i�p�p�e�r� �l�e�n�g�t�h� �e�x�t�e�n�d�i�n�g� �b�e�l�o�w� 

�t�h�e� �w�a�i�s�t�.� �C�o�n�s�t�r�u�c�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �e�a�c�h� �s�t�r�u�c�t�u�r�e� 

�w�e�r�e� �s�e�a�m� �a�l�l�o�w�a�n�c�e�s� �o�f� �5�/�8�-�i�n�c�h�,� �a�n�d� �p�l�a�i�n� �s�e�a�m� 

�c�o�n�s�t�r�u�c�t�i�o�n� �w�i�t�h� �a� �s�t�i�t�c�h� �l�e�n�g�t�h� �o�f� �1�2� �s�t�i�t�c�h�e�s� �p�e�r� �i�n�c�h�.� 

�O�n�e� �g�a�r�m�e�n�t� �o�f� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �s�u�b�j�e�c�t�s�,� �f�o�r� 

�a� �t�o�t�a�l� �o�f� �1�6� �g�a�r�m�e�n�t�s�.� �T�h�e� �f�i�t� �o�f� �e�a�c�h� �g�a�r�m�e�n�t� �w�a�s� 

�e�v�a�l�u�a�t�e�d� �u�s�i�n�g� �t�h�e� �g�u�i�d�e�l�i�n�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �m�o�s�t� �f�i�t�t�i�n�g� 

�t�e�x�t�s�:� �t�h�e� �l�e�n�g�t�h�w�i�s�e� �g�r�a�i�n� �i�s� �s�t�r�a�i�g�h�t� �a�n�d� �p�e�r�p�e�n�d�i�c�u�l�a�r� 

�t�o� �t�h�e� �f�l�o�o�r� �a�t� �t�h�e� �c�e�n�t�e�r� �f�r�o�n�t�,� �c�e�n�t�e�r� �b�a�c�k� �a�n�d� �s�l�e�e�v�e�;� 

�t�h�e� �c�r�o�s�s�w�i�s�e� �g�r�a�i�n� �i�s� �s�t�r�a�i�g�h�t� �a�n�d� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �f�l�o�o�r� �a�t� 

�b�u�s�t�l�i�n�e�,� �b�a�c�k� �a�n�d� �b�i�c�e�p�;� �t�h�e� �b�o�d�i�c�e� �a�n�d� �s�l�e�e�v�e� �a�r�e� �f�r�e�e� 

�f�r�o�m� �d�i�a�g�o�n�a�l� �o�r� �h�o�r�i�z�o�n�t�a�l� �d�i�s�t�o�r�t�i�o�n�;� �a�n�d� �e�a�s�e� �i�s� �a�d�e�q�u�a�t�e� 

�t�o� �p�e�r�m�i�t� �b�r�e�a�t�h�i�n�g� �a�n�d� �p�r�e�v�e�n�t� �g�a�p�s� �a�n�d� �s�t�r�a�i�n� �i�n� �t�h�e� 

�f�a�b�r�i�c�.� �I�f� �a� �g�a�r�m�e�n�t� �d�i�d� �n�o�t� �s�a�t�i�s�f�y� �a� �g�u�i�d�e�l�i�n�e�,� �t�h�e�n� �t�h�e� 

�g�a�r�m�e�n�t� �a�n�d� �p�a�t�t�e�r�n� �w�e�r�e� �c�o�r�r�e�c�t�e�d� �u�n�t�i�l� �a� �f�i�t� �m�e�e�t�i�n�g� �a�l�l
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�t�h�e� �g�u�i�d�e�l�i�n�e�s� �w�a�s� �a�c�h�i�e�v�e�d�.� �T�h�e� �a�s�s�u�m�p�t�i�o�n� �w�a�s� �m�a�d�e� �t�h�a�t� �a� 

�p�r�o�p�e�r�l�y� �f�i�t�t�e�d� �g�a�r�m�e�n�t� �a�l�l�o�w�s� �f�o�r� �f�r�e�e�d�o�m� �o�f� �m�o�v�e�m�e�n�t�.� 

�S�u�b�j�e�c�t�s� 

�S�i�n�c�e� �m�o�s�t� �p�a�t�t�e�r�n�m�a�k�i�n�g� �t�e�x�t�s� �d�e�a�l� �w�i�t�h� �d�e�s�i�g�n� �f�o�r� 

�w�o�m�e�n�'�s� �c�l�o�t�h�i�n�g�,� �f�e�m�a�l�e� �s�u�b�j�e�c�t�s� �w�i�t�h� �m�i�s�s�e�s� 

�p�r�o�p�o�r�t�i�o�n�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �b�o�d�y� 

�d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �f�o�u�r� �s�u�b�j�e�c�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�.� �T�h�e� 

�f�e�m�a�l�e� �s�u�b�j�e�c�t�s� �s�e�l�e�c�t�e�d� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �o�f� �a�n�y� �m�i�s�s�e�s� �s�i�z�e�,� 

�s�i�n�c�e� �t�h�e� �r�a�n�g�e� �o�f� �m�o�v�e�m�e�n�t� �o�f� �a� �p�e�r�s�o�n� �d�o�e�s� �n�o�t� �d�i�f�f�e�r� �a�s� 

�t�h�e� �b�o�d�y� �d�i�m�e�n�s�i�o�n�s� �c�h�a�n�g�e� �(�L�a�u�b�a�c�h�,� �1�9�7�0�)�.� �E�a�c�h� �s�u�b�j�e�c�t� 

�w�a�s� �m�e�a�s�u�r�e�d� �w�i�t�h� �a� �g�o�n�i�o�m�e�t�e�r� �t�o� �e�n�s�u�r�e� �t�h�a�t� �s�h�e� �w�a�s� 

�c�a�p�a�b�l�e� �o�f� �a�s�s�u�m�i�n�g� �t�h�e� �d�e�s�i�r�e�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� 

�S�h�o�u�l�d�e�r� �C�o�m�p�l�e�x� �P�o�s�i�t�i�o�n�s� 

�T�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �p�o�s�i�t�i�o�n�s� �s�e�l�e�c�t�e�d� �f�o�r� �s�t�u�d�y� �a�r�e� 

�p�e�r�f�o�r�m�e�d� �b�y� �m�o�s�t� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �d�a�i�l�y� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t�s� �i�n� �t�h�i�s� �s�t�u�d�y� 

�a�l�l�o�w�e�d� �t�h�e� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �p�o�s�i�t�i�o�n� �o�n� �t�h�e� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�;� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l�'�s� 

�f�l�e�x�i�b�i�l�i�t�y� �w�a�s� �n�o�t� �t�h�e� �i�s�s�u�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �w�i�t�h�i�n� �t�h�e
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� � 

�T�a�b�l�e� �5� 

�B�o�d�y� �M�e�a�s�u�r�e�m�e�n�t�s� �o�f� �F�e�m�a�l�e� �S�u�b�j�e�c�t�s� 

�(�i�n�c�h�e�s�)� 

�S�u�b�j�e�c�t�s� 

�I� �I�I� �I�t�t� �I�V� 

�C�i�r�c�u�m�f�e�r�e�n�c�e� 

�B�u�s�t�l�i�n�e� �3�3� �3�4� �3�4�.�5� �3�5� 

�W�a�i�s�t�l�i�n�e� �2�5�.�5� �2�7�.�5� �2�5�.�5� �2�5�.�5� 

�L�e�n�g�t�h� 

�C�e�n�t�e�r� �B�a�c�k� �1�6�.�2� �1�5�.�7� �1�5�.�2� �1�7�.�5� 

�A�r�n�!� �2�1�.�2� �2�1� �2�1�.�7� �2�0�.�5� 

� � 

�'� �a�c�r�o�m�i�c�n� �p�r�o�c�e�s�s� �t�o� �s�t�y�l�o�i�d� �p�r�o�c�e�s�s
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�s�t�a�n�d�a�r�d� �r�a�n�g�e�s� �o�f� �m�o�v�e�m�e�n�t� �f�o�r� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� 

�(�D�a�n�i�e�l�s�,� �W�i�l�l�i�a�m�s� �&� �W�o�r�t�h�i�n�g�h�a�m�,� �1�9�4�6�)�.� �T�h�e� �p�o�s�i�t�i�o�n�s� �u�s�e�d� 

�w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n� �a�n�d� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� 

�i�n� �F�i�g�u�r�e� �8�.� 

�D�a�t�a� �C�o�l�l�e�c�t�i�o�n� 

�A� �p�i�l�o�t� �t�e�s�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �m�o�r�e� �t�h�a�n� 

�o�n�e� �o�f� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �p�e�r� �s�u�b�j�e�c�t� �w�e�r�e� 

�n�e�e�d�e�d�,� �a�n�d� �w�h�a�t� �d�a�t�a� �c�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �p�h�o�t�o�g�r�a�p�h�s� �o�f� 

�a� �s�u�b�j�e�c�t�.� �F�o�r� �t�h�e� �f�i�r�s�t� �p�r�e�t�e�s�t�,� �a� �r�a�g�l�a�n� �s�l�e�e�v�e� �p�a�t�t�e�r�n� 

�w�a�s� �d�e�v�e�l�o�p�e�d�.� �T�w�o� �g�a�r�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �u�s�i�n�g� �t�h�e� �s�a�m�e� 

�p�a�t�t�e�r�n� �a�n�d� �t�h�e� �g�i�n�g�h�a�m� �c�h�e�c�k� �f�a�b�r�i�c�.� �O�n�e� �s�u�b�j�e�c�t� �w�o�r�e� �b�o�t�h� 

�g�a�r�m�e�n�t�s� �a�n�d� �a�s�s�u�m�e�d� �s�e�l�e�c�t�e�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �N�o� 

�d�i�f�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� 

�o�b�s�e�r�v�a�t�i�o�n�s� �t�a�k�e�n� �f�o�r� �e�a�c�h� �g�a�r�m�e�n�t�.� �T�h�e�r�e�f�o�r�e�,� �o�n�e� �g�a�r�m�e�n�t� 

�o�f� �e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �f�o�r� �e�a�c�h� 

�s�u�b�j�e�c�t�.� �D�a�t�a� �b�a�s�e�d� �o�n� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �w�e�r�e� �t�a�k�e�n� 

�f�o�r� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �b�o�d�y�.� 

�T�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �d�a�t�a�,� �3�5�m�m� �s�l�i�d�e�s� �w�e�r�e� 

�t�a�k�e�n� �o�f� �e�a�c�h� �s�u�b�j�e�c�t� �w�e�a�r�i�n�g� �e�a�c�h� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �a�t� �e�a�c�h� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�.� �T�h�r�e�e� �c�a�m�e�r�a�s�,� �w�i�t�h� 

�5�0�m�m� �l�e�n�s�,� �w�e�r�e� �p�o�s�i�t�i�o�n�e�d� �1�2� �f�e�e�t� �f�r�o�m� �t�h�e� �s�u�b�j�e�c�t� �a�t� �t�h�e� 

�f�r�o�n�t�,� �t�h�e� �r�i�g�h�t� �s�i�d�e� �a�n�d� �t�h�e� �b�a�c�k� �o�f� �t�h�e� �b�o�d�y�,� �w�h�i�c�h� 

�e�n�a�b�l�e�d� �s�i�m�u�l�t�a�n�e�o�u�s� �p�h�o�t�o�g�r�a�p�h�i�n�g� �o�f� �t�h�r�e�e� �v�i�e�w�s�.



�7�3� 

�1�5�5�°� 
�i� �F�l�e�x�i�o�n� 

�r�k� 
�i� �1�2�0�°� �\� 

�?� 

�&�*� 

�7� �E�x�t�e�n�s�i�o�n� 

�~�  ��~�  ��~� �«�9�9�°� 

�o�S�.� �1�2�0�°� 
�~� �~� 

�-� 

�6�0�°� 
�.� 

�A�b�d�u�c�t�i�o�n� 

�9�0�°� �-�-� 

� � 

�S�a�g�i�t�t�a�l� �P�l�a�n�e� 

�A�d�d�u�c�t�i�o�n� 

�H�o�r�i�z�o�n�t�a�l� �A�d�d�u�c�t�i�o�n� �.� 

�-�4� �5�°�.� 

�o
� 

�x
� 

�~� �=�=�=�>� �-� �9�0�°� 

�H�o�r�i�z�o�n�t�a�l� �A�b�d�u�c�t�i�o�n� 
�~� 

�.� 
�-�\� 

�.� 
 �� �T�r�a�n�s�v�e�r�s�e� �P�l�a�n�e� 

�1�3�0�°� 
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�F�r�o�n�t�a�l� �P�l�a�n�e� 

�A�r�m� �P�o�s�i�t�i�o�n�s� �i�n� �T�h�r�e�e� �P�l�a�n�e�s� �o�f� �M�o�t�i�o�n
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�A� �t�o�t�a�l� �o�f� �1�4�4� �p�i�c�t�u�r�e�s� �p�e�r� �s�u�b�j�e�c�t� �w�a�s� �t�a�k�e�n�.� 

�A�l�l� �s�l�i�d�e�s� �w�e�r�e� �r�e�v�i�e�w�e�d�.� �I�t� �w�a�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �m�e�a�s�u�r�e� 

�t�h�e� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �a�n�d� �w�r�i�s�t� �i�n� �a�l�l� �t�h�r�e�e� �v�i�e�w�s� �o�f� 

�e�a�c�h� �p�o�s�i�t�i�o�n�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �b�l�o�c�k�a�g�e� �b�y� �t�h�e� �b�o�d�y� �i�n� 

�v�a�r�i�o�u�s� �p�o�s�i�t�i�o�n�s�.� �O�n�e� �v�i�e�w� �f�o�r� �e�a�c�h� �s�u�b�j�e�c�t�,� �s�l�e�e�v�e� �t�y�p�e� 

�a�n�d� �a�r�m� �p�o�s�i�t�i�o�n� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �w�r�i�s�t� �a�n�d� 

�w�a�i�s�t� �s�l�i�p�p�a�g�e�.� �T�h�e� �f�r�o�n�t� �v�i�e�w� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�e� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �a�n�d� 

�h�o�r�i�z�o�n�t�a�l� �a�b�d�u�c�t�i�o�n� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �-�4�5� �d�e�g�r�e�e�s� �a�n�d� �4�5� 

�d�e�g�r�e�e�s�.� �T�h�e� �s�i�d�e� �v�i�e�w� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �p�o�s�i�t�i�o�n�s� �i�n� �t�h�e� 

�s�a�g�i�t�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �a�n�d� �h�o�r�i�z�o�n�t�a�l� �a�b�d�u�c�t�i�o�n� �t�o� �1�3�0� 

�d�e�g�r�e�e�s�.� �T�h�e� �b�a�c�k� �v�i�e�w� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�n�d� �a�n�g�l�e�.� 

�T�h�e� �s�l�i�p�p�a�g�e� �d�a�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �t�h�e� �N�u�m�o�n�i�c� 

�M�o�d�e�l� �1�2�2�4� �e�l�e�c�t�r�o�n�i�c� �d�i�g�i�t�i�z�e�r� �w�i�t�h� �c�o�n�n�e�c�t�i�o�n� �t�o� �a�n� �I�B�M� 

�P�C�.� �T�h�e� �d�a�t�a� �f�r�o�m� �e�a�c�h� �s�l�i�d�e� �w�e�r�e� �c�o�d�e�d� �o�n� �t�h�e� �P�C� �f�i�l�e� 

�b�e�f�o�r�e� �i�n�p�u�t� �f�r�o�m� �t�h�e� �d�i�g�i�t�i�z�e�r�.� �T�h�e� �c�o�d�e� �i�n�c�l�u�d�e�d� �s�l�i�d�e� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �n�u�m�b�e�r�,� �s�l�e�e�v�e� �t�y�p�e�,� �s�u�b�j�e�c�t� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�,� 

�b�o�d�y� �v�i�e�w� �a�n�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �n�u�m�b�e�r�.� �W�i�t�h� �t�h�e� �f�e�a�t�u�r�e�s� 

�o�f� �t�h�e� �d�i�g�i�t�i�z�e�r�,� �t�h�e� �s�c�a�l�e� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �s�o� �t�h�e� �r�e�a�d�i�n�g� 

�f�o�r� �t�h�e� �s�l�i�p�p�a�g�e� �w�o�u�l�d� �b�e� �l�i�f�e�-�s�i�z�e�.� �T�h�i�s� �w�a�s� �p�o�s�s�i�b�l�e� 

�s�i�n�c�e� �i�t� �w�a�s� �k�n�o�w�n� �t�h�a�t� �t�h�e� �g�i�n�g�h�a�m� �c�h�e�c�k� �i�n� �t�h�e� �b�o�d�i�c�e�s� �w�a�s� 

�o�n�e� �i�n�c�h� �s�q�u�a�r�e� �a�n�d� �t�h�e� �d�i�g�i�t�i�z�e�r� �c�o�u�l�d� �b�e� �p�r�o�g�r�a�m�m�e�d� �t�o� 

�a�d�j�u�s�t� �t�h�e� �s�c�a�l�e�.
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�G�a�r�n�e�n�t� �s�l�i�p�p�a�g�e� �r�e�f�e�r�s� �t�o� �t�h�e� �a�m�o�u�n�t� �t�h�e� �g�a�r�m�e�n�t� �m�o�v�e�s� 

�f�r�o�m� �i�t�s� �o�r�i�g�i�n�a�l� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� 

�s�l�i�p�p�a�g�e� �a�t� �w�r�i�s�t� �a�n�d� �w�a�i�s�t� �o�f� �t�h�e� �g�a�r�m�e�n�t� �w�a�s� �m�e�a�s�u�r�e�d� �t�o� 

�t�h�e� �n�e�a�r�e�s�t� �t�e�n�t�h� �o�f� �a�n� �i�n�c�h�.� 

�E�a�c�h� �s�u�b�j�e�c�t�'�s� �r�i�g�h�t� �w�r�i�s�t� �w�a�s� �m�a�r�k�e�d� �w�i�t�h� �a� �1�/�4�-�i�n�c�h� 

�w�i�d�e� �l�i�n�e�.� �T�h�i�s� �l�i�n�e� �c�i�r�c�l�e�d� �t�h�e� �w�r�i�s�t� �o�n� �t�h�e� �h�a�n�d� �s�i�d�e� �o�f� 

�t�h�e� �s�t�y�l�o�i�d� �p�r�o�c�e�s�s� �o�f� �t�h�e� �r�a�d�i�u�s�.� �T�h�e� �w�r�i�s�t� �e�d�g�e� �o�f� �t�h�e� 

�s�l�e�e�v�e� �w�a�s� �p�o�s�i�t�i�o�n�e�d� �p�a�r�a�l�l�e�l� �t�o� �t�h�i�s� �l�i�n�e� �w�h�e�n� �t�h�e� �a�r�m� �w�a�s� 

�i�n� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n�.� �T�h�e� �s�u�b�j�e�c�t�'�s� �w�a�i�s�t� �w�a�s� 

�i�d�e�n�t�i�f�i�e�d� �w�i�t�h� �a� �1�/�4�-�i�n�c�h� �w�i�d�e� �e�l�a�s�t�i�c� �b�a�n�d�.� �T�h�e� �e�l�a�s�t�i�c� 

�b�a�n�d� �n�a�t�u�r�a�l�l�y� �f�e�l�l� �t�o� �t�h�e� �w�a�i�s�t� �a�n�d� �t�h�e� �b�a�n�d� �w�a�s� �t�r�a�c�e�d� 

�w�i�t�h� �a� �1�/�4�-�i�n�c�h� �w�i�d�e� �l�i�n�e�.� �T�h�e� �g�a�r�m�e�n�t�'�s� �w�a�i�s�t�l�i�n�e� �w�a�s� 

�a�l�i�g�n�e�d� �w�i�t�h� �t�h�e� �d�r�a�w�n� �w�a�i�s�t�l�i�n�e� �w�h�i�l�e� �t�h�e� �b�o�d�y� �w�a�s� �i�n� �t�h�e� 

�a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n�.� 

�T�h�e� �N�u�m�o�n�i�c� �d�i�g�i�t�i�z�e�r� �h�a�s� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �m�e�a�s�u�r�e� 

�p�o�i�n�t� �t�o� �p�o�i�n�t� �l�e�n�g�t�h�s�.� �T�o� �c�o�n�d�u�c�t� �p�o�i�n�t� �t�o� �p�o�i�n�t� �l�e�n�g�t�h� 

�m�e�a�s�u�r�e�m�e�n�t�s�,� �t�h�e� �p�o�i�n�t� �o�f� �t�h�e� �w�a�i�s�t�l�i�n�e�/�s�i�d�e� �i�n�t�e�r�s�e�c�t�i�o�n� 

�o�n� �t�h�e� �b�o�d�y� �a�n�d� �t�h�e� �w�a�i�s�t�l�i�n�e�/�s�i�d�e� �s�e�a�m� �i�n�t�e�r�s�e�c�t�i�o�n� �o�n� �t�h�e� 

�g�a�r�m�e�n�t� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�n�d� �t�h�e� �l�e�n�g�t�h� �i�n�p�u�t�e�d� �i�n�t�o� �t�h�e� �d�a�t�a� 

�f�i�l�e� �i�n� �t�h�e� �P�C�.� �A�t� �t�h�e� �w�r�i�s�t�,� �t�h�e� �s�l�i�p�p�a�g�e� �m�e�a�s�u�r�e�m�e�n�t� �w�a�s� 

�t�a�k�e�n� �f�r�o�m� �t�h�e� �u�n�d�e�r�a�r�m�/�w�r�i�s�t� �p�o�i�n�t� �o�n� �t�h�e� �g�a�r�m�e�n�t� �a�n�d� �t�h�e� 

�p�o�i�n�t� �c�l�o�s�e�s�t� �t�o� �t�h�e� �g�a�r�m�e�n�t� �o�n� �t�h�e� �w�r�i�s�t� �m�a�r�k�i�n�g�.� 

�T�w�o� �t�y�p�e�s� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �w�e�r�e� �r�e�c�o�r�d�e�d� �a�t� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k� �o�f� �t�h�e� �g�a�r�m�e�n�t�.� �O�n�e� �t�y�p�e� �w�a�s� �r�e�c�o�r�d�e�d� �a�s� �a� 

�l�i�n�e�a�r� �d�i�s�t�a�n�c�e� �m�o�v�e�m�e�n�t� �a�n�d� �t�h�e� �o�t�h�e�r� �a�s� �a�n� �a�n�g�u�l�a�r� �c�h�a�n�g�e
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�o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n�.� �A� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� 

�w�a�s� �w�r�i�t�t�e�n� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �l�i�n�e�a�r� �m�o�v�e�m�e�n�t� �a�n�d� �t�h�e� �a�n�g�u�l�a�r� 

�g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e�.� �T�h�e� �p�r�o�g�r�a�m� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �x�,�y� 

�c�o�o�r�d�i�n�a�t�e�s� �i�n�p�u�t�e�d� �i�n�t�o� �t�h�e� �p�r�o�g�r�a�m� �f�r�o�m� �t�h�e� �d�i�g�i�t�i�z�e�r�.� 

�F�i�g�u�r�e� �8� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s� �t�a�k�e�n� �f�r�o�m� �a� �s�l�i�d�e�.� 

�C�o�o�r�d�i�n�a�t�e�s� �x�,�,�y�,� �a�r�e� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n�;� 

�X�,�,� �Y�,�;� �a�r�e� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �w�a�i�s�t�l�i�n�e�/�s�i�d�e� �l�o�c�a�t�i�o�n� 

�w�h�e�n� �t�h�e� �b�o�d�y� �i�s� �i�n� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n�.� �W�h�e�n� �t�h�e� 

�s�h�o�u�l�d�e�r� �a�s�s�u�m�e�s� �a� �n�e�w� �p�o�s�i�t�i�o�n� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �m�o�v�e�s�,� �X�o�,� 

�y�,� �i�s� �t�h�e� �n�e�w� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �p�o�i�n�t�,� 

�X�;�,� �Y�;� �t�h�e� �n�e�w� �w�a�i�s�t�l�i�n�e�/�s�i�d�e� �s�e�a�m� �l�o�c�a�t�i�o�n�,� �a�n�d� �x�,�,� �y�,� �a� 

�p�o�i�n�t� �o�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �l�i�n�e� �o�f� �t�h�e� �g�a�r�m�e�n�t�.� 

�T�h�e� �e�q�u�a�t�i�o�n�s� �u�s�e�d� �t�o� �c�o�m�p�u�t�e� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� 

�c�e�n�t�e�r� �b�a�c�k� �a�r�e� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �9�.� �T�h�e� �l�e�t�t�e�r� �R� �s�h�o�w�s� �a� 

�p�o�s�s�i�b�l�e� �l�i�n�e�a�r� �d�i�s�t�a�n�c�e�d� �m�e�a�s�u�r�e�d� �f�o�r� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� 

�t�h�e� �c�e�n�t�e�r� �b�a�c�k�,� �a�n�d�&� �i�l�l�u�s�t�r�a�t�e�s� �a�n� �a�n�g�l�e� �w�h�i�c�h� �c�o�u�l�d� �b�e� 

�c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s�.� �F�r�o�m� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s� 

�i�n�p�u�t�e�d� �f�r�o�m� �t�h�e� �d�i�g�i�t�i�z�e�r� �t�h�e� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �c�a�l�c�u�l�a�t�e�d� 

�t�h�e� �s�l�i�p�p�a�g�e� �o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �i�n� 

�i�n�c�h�e�s�.� �T�h�e� �e�q�u�a�t�i�o�n� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�i�s� �m�o�v�e�m�e�n�t� �w�a�s� �R�=� 

�(�x�X�,� �-� �X�,�)�?� �+� �(�Y�o� �7� �Y�)�)�?�-� �T�h�e� �a�n�g�l�e� �f�o�r�m�e�d� �b�y� �t�h�e� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �w�a�s� �f�i�r�s�t� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �g�a�r�m�e�n�t� �i�n� �t�h�e� 

�a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� �t�o� �o�b�t�a�i�n� �a� �r�e�f�e�r�e�n�c�e� �a�n�g�l�e�.� �T�h�e� 

�a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� �w�a�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �9�0� �d�e�g�r�e�e�s� �s�i�n�c�e� �t�h�e
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�V�a�r�i�a�b�l�e�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �c�o�o�r�d�i�n�a�t�e�s� 

�L�,� �=� �(�%�3� �~� �X�s�)� �L�,� �=� �(�Y�3� �~� �Y�o�)� 

�M�,� �=� �(�X�,� �~� �2�)� �M�o� �=� �(�Y�¥�,�  �� �Y�o�)� 

�E�q�u�a�t�i�o�n� �u�s�e� �t�o� �c�a�l�c�u�l�a�t�e� �a�n�g�l�e� �a�t� �c�e�n�t�e�r� 
�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n�:� 

�(�L�,�?� �+� �L�,�°�)� �*� �(�M�,�?� �+� �M�, ��)� 
�x�X� �=� �A�r�c�t�a�n� �+� �1� 

�(�L�,� �*� �M�,�)� �+� �(�L�,� �*� �M�,�)� 
� � 

�F�i�g�u�r�e� �9� 
�C�o�o�r�d�i�n�a�t�e�s� �a�n�d� �C�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �S�l�i�p�p�a�g�e� �a�t� �C�e�n�t�e�r� �B�a�c�k
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�b�a�c�k� �o�f� �t�h�e� �b�o�d�y� �i�s� �n�o�t� �f�l�a�t� �a�n�d� �t�h�e� �w�a�i�s�t�l�i�n�e� �c�u�r�v�e�s� �a�s� �i�t� 

�g�o�e�s� �t�o�w�a�r�d� �t�h�e� �s�i�d�e� �o�f� �t�h�e� �b�o�d�y�.� �W�h�e�n� �t�h�e� �a�r�m� �p�o�s�i�t�i�o�n� �i�s� 

�c�h�a�n�g�e�d� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�s� �a�t� �t�h�e� �w�a�i�s�t� �a�n�d� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� 

�l�i�n�e� �m�a�y� �a�l�s�o� �s�h�i�f�t�,� �t�h�e�r�e�f�o�r�e� �t�h�e� �a�n�g�l�e� �f�o�r�m�e�d� �a�t� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �i�l�l�u�s�t�r�a�t�e�s� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�s� �t�h�e� 

�m�o�v�e�m�e�n�t� �o�f� �t�w�o� �l�e�g�s� �o�f� �a�n� �a�n�g�l�e�.� �T�h�e� �e�q�u�a�t�i�o�n� �u�s�e�d� �t�o� 

�c�a�l�c�u�l�a�t�e� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �a�n�g�l�e� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 

�8�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �d�a�t�a� �f�r�o�m� �t�h�e� �d�i�g�i�t�i�z�e�r� �w�o�u�l�d� �b�e�:� 

�X�,�Y�,� �=� �(�2�.�1�0�,� �.�1�2�)�;�7� �X�,�,�y�,� �=� �(�-�.�3�2�,� �.�4�0�)�7� �X�5�,�y�,� �=� �(�2�.�2�4�,� 

�1�.�4�7�)�;� �X�,�,�Y�,� �=�(�7�1�-�1�1�,� �4�.�8�2�)�.� �T�h�e� �v�a�r�i�a�b�l�e�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� 

�t�h�e�s�e� �c�o�o�r�d�i�n�a�t�e�s� �w�o�u�l�d� �b�e�:� �L�,� �=� �(�2�.�5�6�)�;� �L�,� �=� �(�1�.�0�7�)�;� �M�,� �=� 

�(�-�.�7�9�)�;� �M�,� �=� �(�4�.�4�2�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �e�q�u�a�t�i�o�n� �u�s�e�d� �t�o� 

�c�a�l�c�u�l�a�t�e� �a�n�g�l�e� �a�t� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �w�o�u�l�d� �b�e�:� 

�(�2�.�5�6�*� �+� �1�.�0�7�°�)� �*� �(�-�.�7�9�%� �+� �4�.�4�2�?�)� 
�A�r�c�t�a�n� �+� �1�]�/�=�7�7�.�4�5�°� 

�(�2�.�5�6� �*� �-�.�7�9�)� �+� �(�1�.�0�7� �*� �4�.�4�2�)� 
� � 

�N�u�l�l� �H�y�p�o�t�h�e�s�e�s� 

�B�a�s�e�d� �o�n� �t�h�e� �r�e�s�e�a�r�c�h� �h�y�p�o�t�h�e�s�e�s� �w�h�i�c�h� �a�r�e� �s�t�a�t�e�d� �i�n� 

�t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �n�u�l�l� �h�y�p�o�t�h�e�s�e�s� �w�e�r�e� 

�u�s�e�d� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s�.� �T�h�e� �l�e�v�e�l� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� 

�f�o�r� �a�l�l� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �u�s�e�d� �w�a�s� �s�e�t� �a�t� �t�h�e� �.�0�5� �l�e�v�e�l�.� 

�N�u�l�l� �H�y�p�o�t�h�e�s�i�s� �I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �a�m�o�n�g� �s�h�o�u�l�d�e�r



�7�9� 

�p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�N�u�l�l� �H�y�p�o�t�h�e�s�i�s� �I�I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �a�m�o�n�g� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�N�u�l�l�.� �H�y�p�o�t�h�e�s�i�s� �I�I�I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�t�h�e� �a�m�o�u�n�t� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �a�m�o�n�g� �s�e�l�e�c�t�e�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�N�u�l�l� �H�y�p�o�t�h�e�s�i�s� �I�V�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�t�h�e� �a�n�g�l�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�m�o�n�g� 

�s�e�l�e�c�t�e�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� 

�t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�A�n�a�l�y�s�i�s� �o�f� �D�a�t�a� 

�N�u�l�l� �h�y�p�o�t�h�e�s�e�s� �I� �a�n�d� �I�I� �w�e�r�e� �t�e�s�t�e�d� �u�s�i�n�g� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �s�t�a�t�i�s�t�i�c�a�l� �p�r�o�c�e�d�u�r�e� �w�i�t�h� �a� �4� �X� �4� �X� �1�2� 

�f�a�c�t�o�r�i�a�l� �u�s�i�n�g� �a� �s�p�l�i�t� �p�l�o�t� �d�e�s�i�g�n� �(�T�a�b�l�e� �6�)�.� �T�h�e� �f�a�c�t�o�r�s� 

�c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �w�e�r�e� �t�h�e� �f�o�u�r� �s�u�b�j�e�c�t�s�,� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�,� �a�n�d� �t�w�e�l�v�e� �b�o�d�y� �p�o�s�i�t�i�o�n�s�.� �B�o�d�y� 

�p�o�s�i�t�i�o�n�s� �w�h�i�c�h� �o�c�c�u�r� �i�n� �m�o�r�e� �t�h�a�n� �o�n�e� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �w�e�r�e� 

�n�o�t� �d�u�p�l�i�c�a�t�e�d� �i�n� �t�h�e� �o�v�e�r�a�l�l� �a�n�a�l�y�s�i�s�.� �T�h�e� �s�t�a�t�i�s�t�i�c�a�l� 

�m�o�d�e�l� �u�s�e�d� �f�o�r� �t�h�e� �A�N�O�V�A� �w�a�s



�8�0� 

�T�a�b�l�e� �6� 

�A�n�a�l�y�s�i�s� �o�f� �V�a�r�i�a�n�c�e� �f�o�r� �G�a�r�m�e�n�t� �S�l�i�p�p�a�g�e� 

� � 

�S�o�u�r�c�e� �a�f� �E�x�p�e�c�t�e�d� �M�e�a�n� �S�q�u�a�r�e� 

�S�u�b�j�e�c�t� �3� �a�o�?� �+� �4�8�a�.� 

�P�o�s�i�t�i�o�n� �1�1� �a� �+� �4�a�.� �+� �1�6� �2�M�°�/�1�1� 

�S�u�b�j�e�c�t�*�P�o�s�i�t�i�o�n� �3�3� �a�. �� �+� �4�a�.� 

�S�l�e�e�v�e� �3� �g�,� �+� �1�2�0�,�%� �+� �4�8�2�8�,�7�/�3� 

�S�u�b�j�e�c�t�*�S�l�e�e�v�e� �9� �a�?� �+� �1�2� �T�e� 

�P�o�s�i�t�i�o�n�*�S�l�e�e�v�e� �3�3� �o�2� �+� �4�2�2�(�S�M�)� �2�/�3�3� 

�R�e�s�i�d�u�a�l� �9�9� �r� 

� � 

�T�o�t�a�l� �1�9�1



�8�1� 

�Y�i�j�n�=�A�t� �P�+� �M�;�+� �(�P�M�)� �;�;�+� �S�,�+� �(�P�S�)� �i�,�+� �(�M�S�)� �j�,�+� �e�i� �j�k� 

�w�h�e�r�e� �y�;� �j�x� �i�s� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� 

�K�A� �i�s� �p�o�p�u�l�a�t�i�o�n� �m�e�a�n� 

�P�,� �i�s� �t�h�e� �r�a�n�d�o�m� �e�f�f�e�c�t� �o�f� �i�t�h� �s�u�b�j�e�c�t�,� �i�=�1�.�.�.�4� 

�M�,� �i�s� �t�h�e� �e�f�f�e�c�t� �o�f� �j�t�h� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�,� 
�j�=�1�.�.�.�1�2� 

�(�P�M�)� �|�;� �i�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �i�t�h� �s�u�b�j�e�c�t� �a�n�d� �j�t�h� �s�h�o�u�l�d�e�r� 
�p�o�s�i�t�i�o�n� 

�S�s�,� �i�s� �t�h�e� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �k�t�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� 
�k�=� �1�.�.�.�4� 

�(�P�S�)� �.�,� �i�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �i�t�h� �s�u�b�j�e�c�t� �a�n�d� �k�t�h� 
�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� 

�(�M�S�)� �;�,� �i�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �j�t�h� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�d� 
�k�t�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� 

�e� �i�s� �t�h�e� �r�e�s�i�d�u�a�l�.� �i�j�k�l� 

�T�h�e� �a�m�o�u�n�t�s� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �r�e�c�o�r�d�e�d� �a�t� �t�h�e� �w�r�i�s�t� 

�a�n�d� �w�a�i�s�t� �w�e�r�e� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �s�u�b�j�e�c�t�s� �i�n� 

�t�h�i�s� �s�t�u�d�y� �w�e�r�e� �u�s�e�d� �t�o� �p�r�o�v�i�d�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s�.� �T�h�i�s� 

�v�a�r�i�a�b�l�e� �w�a�s� �c�o�n�t�r�o�l�l�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �s�o� �m�o�r�e� �t�h�a�n� �o�n�e� 

�m�e�a�s�u�r�e�m�e�n�t� �p�e�r� �s�l�e�e�v�e� �a�n�d� �p�o�s�i�t�i�o�n� �c�o�u�l�d� �b�e� �u�s�e�d� �i�n� �t�h�e� 

�a�n�a�l�y�s�i�s�.� �V�a�r�i�a�t�i�o�n� �d�u�e� �t�o� �i�n�d�i�v�i�d�u�a�l� �s�u�b�j�e�c�t�s� �w�a�s� �r�e�m�o�v�e�d� 

�f�r�o�m� �t�h�e� �o�t�h�e�r� �t�r�e�a�t�m�e�n�t� �e�f�f�e�c�t�s�,� �s�u�c�h� �a�s� �p�o�s�i�t�i�o�n� �a�n�d� 

�S�l�e�e�v�e� �i�n�t�e�r�a�c�t�i�o�n�.� �T�h�e� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�s�e�q�u�e�n�t�l�y� �a� �s�p�l�i�t� 

�p�l�o�t� �d�e�s�i�g�n�,� �w�i�t�h� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �s�u�b�j�e�c�t�s� �u�s�e�d� �t�o� 

�t�e�s�t� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �o�f� �p�o�s�i�t�i�o�n�,� �s�l�e�e�v�e� �a�n�d� �t�h�e� 

�i�n�t�e�r�a�c�t�i�o�n� �o�f� �p�o�s�i�t�i�o�n� �a�n�d� �s�l�e�e�v�e�.



�8�2� 

�T�h�e� �s�a�m�e� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �u�s�e�d� �t�o� �t�e�s�t� �n�u�l�l� 

�h�y�p�o�t�h�e�s�e�s� �I�I�I� �a�n�d� �I�V�.� �T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �t�h�e� 

�a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/� �w�a�i�s�t�l�i�n�e� �a�n�g�l�e�.� 

�B�e�c�a�u�s�e� �n�o�t� �e�v�e�r�y� �b�o�d�y� �p�o�s�i�t�i�o�n� �c�o�u�l�d� �b�e� �m�e�a�s�u�r�e�d� �a�t� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k� �t�h�e�r�e� �w�e�r�e� �o�n�l�y� �e�i�g�h�t� �b�o�d�y� �p�o�s�i�t�i�o�n�s� �u�s�e�d�.� �T�h�e� 

�A�N�O�V�A� �w�a�s� �t�h�e�n� �a� �4� �X� �4� �X� �8� �f�a�c�t�o�r�i�a�l� �a�n�a�l�y�s�i�s�.� �T�h�e� 

�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �f�r�o�m� �t�h�e� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �a�n�g�l�e�.� 

�I�f� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�e�s� �w�e�r�e� �r�e�j�e�c�t�e�d�,� �p�o�s�t� �h�o�c� 

�s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�s�.� �A� �T�u�k�e�y� �p�a�i�r�w�i�s�e� �t�e�s�t� �o�f� �l�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �w�a�s� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �f�o�r� �s�p�e�c�i�f�i�c� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� 

�A� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �e�f�f�e�c�t� 

�o�f� �c�h�a�n�g�e�s� �i�n� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �o�n� �e�a�c�h� �o�f� �t�h�e� �d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s�.� �T�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�e�s� �w�e�r�e� �f�i�t� �a�s� �l�i�n�e�a�r�,� 

�q�u�a�d�r�a�t�i�c� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� �T�h�e�s�e� �w�e�r�e� �f�i�t� �w�i�t�h�i�n� �s�u�b�j�e�c�t� �t�o� �r�e�m�o�v�e� �s�u�b�j�e�c�t� 

�v�a�r�i�a�t�i�o�n�.� 

�T�h�e� �s�t�a�t�i�s�t�i�c�a�l� �m�o�d�e�l� �f�o�r� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �w�a�s�:� 

�=� �2� �2� �e� �Y�i�x�=�A�t� �S�i�t� �P�i�t� �(�S�P�)�,� �+� �A�A�,� �+� �A�A�,� �+� �3�(�S�A�)� �;�,� �+� �A�M�S�A� �i� �+� �S�i�g



�8�3� 

�w�h�e�r�e�:� �y�j�i�i�,� �i�s� �t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �f�o�r� �a� �s�p�e�c�i�f�i�c� 

�A�e� �i�s� 

�S�;� �i�s� 

�P�;� �1�s� 

�(�S�P�)� �;�;� �i�s� 

�A� �i�s� 

�f�e�,� �i�s� 

�/�?� �2� �i�s� 

�/�?�3� �i�s� 

�f�,� �i�s� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �i�,� �s�u�b�j�e�c�t� �j� �a�n�d� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�g�l�e� �k� 

�t�h�e� �i�n�t�e�r�c�e�p�t� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�,� �i�=� �1�,�2�,�3�,�4� 

�t�h�e� �s�u�b�j�e�c�t�,� �j�=� �1�,�2�,�3�,�4� 

�i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�l�e�e�v�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �s�u�b�j�e�c�t� 

�t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�g�l�e�,� �k�=� �-�4�5�°�.�.�.�1�5�5�°� 

�t�h�e� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �o�f� �t�h�e� �d�e�p�e�n�d�e�n�t� 
�v�a�r�i�a�b�l�e� �o�n� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�g�l�e� �k� 

�t�h�e� �q�u�a�d�r�a�t�i�c� �r�e�g�r�e�s�s�i�o�n� �o�f� �t�h�e� �d�e�p�e�n�d�e�n�t� 
�v�a�r�i�a�b�l�e� �o�n� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�g�l�e� �k� 

�l�i�n�e�a�r� �d�e�v�i�a�t�i�o�n� �f�o�r� �r�e�g�r�e�s�s�i�o�n� �o�f� �t�h�e� 
�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �o�n� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�g�l�e� 
�k� �f�o�r� �s�l�e�e�v�e� �s�t�r�u�c�t�u�r�e� �i� 

�q�u�a�d�r�a�t�i�c� �d�e�v�i�a�t�i�o�n� �f�o�r� �r�e�g�r�e�s�s�i�o�n� �o�f� �t�h�e� 
�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �o�n� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�n�g�l�e� 
�k� �f�o�r� �s�l�e�e�v�e� �s�t�r�u�c�t�u�r�e� �i�.



�C�H�A�P�T�E�R� �V� 

�R�E�S�U�L�T�S� �A�N�D� �C�O�N�C�L�U�S�I�O�N�S� 

�F�r�o�m� �r�e�v�i�e�w� �o�f� �r�e�l�a�t�e�d� �l�i�t�e�r�a�t�u�r�e� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�t�h�a�t� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�r�m� �m�o�v�e�m�e�n�t�s� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �u�s�e�s� 

�d�i�f�f�e�r�e�n�t� �j�o�i�n�t�s� �a�n�d� �m�u�s�c�l�e�s�.� �F�o�r� �t�h�e� �s�a�m�e� �b�o�d�y� �p�o�s�i�t�i�o�n� 

�r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �i�s� �c�o�n�s�i�s�t�e�n�t�.� �T�h�e� 

�f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �s�t�u�d�i�e�d� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �f�r�o�m� 

�t�h�e� �s�a�m�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �p�a�t�t�e�r�n�.� �D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� 

�p�a�t�t�e�r�n�s� �f�o�r� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �d�u�e� �t�o� 

�p�a�t�t�e�r�n� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e�r�e�f�o�r�e� �w�h�e�n� �t�h�e� �b�o�d�y� �m�o�v�e�s�,� 

�g�a�r�m�e�n�t�s� �m�a�d�e� �f�r�o�m� �t�h�e� �d�e�v�e�l�o�p�e�d� �p�a�t�t�e�r�n�s� �s�h�o�u�l�d� �r�e�c�o�n�f�i�g�u�r�e� 

�d�i�f�f�e�r�e�n�t�l�y� �d�u�e� �t�o� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�F�i�n�d�i�n�g�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�d�i�f�f�e�r�e�n�t� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �a�n�d� �t�h�e�i�r� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� 

�d�i�f�f�e�r�e�n�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �E�f�f�e�c�t�s� �w�h�i�c�h� �a�r�e� 

�d�i�s�c�u�s�s�e�d� �a�r�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t�,� �w�a�i�s�t� �a�n�d� 

�c�e�n�t�e�r� �b�a�c�k� �m�e�a�s�u�r�e�d� �a�s� �a� �l�i�n�e�a�r� �d�i�s�t�a�n�c�e� �c�h�a�n�g�e� �i�n� �i�n�c�h�e�s�.� 

�T�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �a�n�g�l�e� �w�a�s� �m�e�a�s�u�r�e�d� 

�i�n� �d�e�g�r�e�e�s�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �a�n�d� �t�e�s�t�e�d� �i�n� 

�e�a�c�h� �a�p�p�r�o�p�r�i�a�t�e� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� �c�h�a�p�t�e�r�.� �T�h�e� �l�e�v�e�l� �o�f� 

�s�i�g�n�i�f�i�c�a�n�c�e� �w�a�s� �s�e�t� �a�t� �t�h�e� �.�0�5� �l�e�v�e�l�.� 
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�8�5� 

�G�a�r�m�e�n�t� �S�l�i�p�p�a�g�e� �A�t� �W�r�i�s�t� 

�N�u�l�l� �H�y�p�o�t�h�e�s�i�s� �I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �a�m�o�n�g� �a�l�l� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �T�h�i�s� �w�a�s� �t�e�s�t�e�d� �u�s�i�n�g� �t�h�e� �a�n�a�l�y�s�i�s� 

�o�f� �v�a�r�i�a�n�c�e�.� �T�h�e�r�e� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �a�t� �t�h�e� �.�0�5� 

�l�e�v�e�l� �f�o�r� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�-�b�y�-�s�l�e�e�v�e� �i�n�t�e�r�a�c�t�i�o�n�,� 

�t�h�e�r�e�f�o�r�e� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �w�a�s� �r�e�j�e�c�t�e�d� �(�T�a�b�l�e� �7�)�.� �T�h�i�s� 

�s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�a�t� �t�h�e� �r�e�l�a�t�i�v�e� 

�s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t�,� �a�s� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �c�h�a�n�g�e�d�,� 

�v�a�r�i�e�d� �f�r�o�m� �s�t�r�u�c�t�u�r�e� �t�o� �s�t�r�u�c�t�u�r�e�.� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�r�i�s�t� �f�o�r� �e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �a�c�r�o�s�s� �a�l�l� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�s� �a�n�d� �a�l�l� �s�u�b�j�e�c�t�s� �w�e�r�e� �n�o�t� �f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� 

�m�e�a�n� �s�q�u�a�r�e� �f�o�r� �t�h�e� �s�u�b�j�e�c�t� �a�n�d� �s�l�e�e�v�e� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �u�s�e�d� 

�t�o� �t�e�s�t� �s�l�e�e�v�e� �d�i�f�f�e�r�e�n�c�e�s�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �c�a�u�s�e�d� �b�y� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�u�b�j�e�c�t�s� �w�a�s� �r�e�m�o�v�e�d� �b�y� �t�h�e� �u�s�e� �o�f� 

�s�u�b�j�e�c�t� �i�n� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� �m�o�d�e�l�.� 

�T�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t�.� 

�T�h�e� �m�e�a�n� �s�q�u�a�r�e� �o�f� �t�h�e� �s�u�b�j�e�c�t� �b�y� �p�o�s�i�t�i�o�n� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� 

�u�s�e�d� �t�o� �t�e�s�t� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �v�a�r�i�a�t�i�o�n�.� �W�i�t�h� �t�h�e� 

�v�a�r�i�a�t�i�o�n� �d�u�e� �t�o� �t�h�e� �s�u�b�j�e�c�t�s� �r�e�m�o�v�e�d�,� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �v�a�r�i�e�d
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� � 

� � 

�S�o�u�r�c�e� �d�f� �M�e�a�n� �S�q�u�a�r�e�s� �F� �v�a�l�u�e� �P�R� �>� �F� 

�S�u�b�j�e�c�t� �3� �1�.�6�7�0�8� �9�.�9�5� �-�0�0�0�1� 

�P�o�s�i�t�i�o�n� �1�1� �2�1�.�3�2�5�8� �5�6�.�5�3� �-�0�0�0�1� 

�S�u�b�j�}�*�P�o�s�i�t�i�o�n� �3�3� �3�7�7�3� �2�.�2�5� �-�0�0�1�1� 

�S�l�e�e�v�e� �3� �1�.�3�9�0�2� �1�.�1�5� �-� �3�8�0�7� 

�S�u�b�j�}�*�S�l�e�e�v�e� �9� �1�.�2�0�8�6� �7�.�2�0� �.�0�0�0�1� 

�P�o�s�i�t�i�o�n�*�S�l�e�e�v�e� �3�3� �0�.�2�7�1�1� �1�.�6�2� �.�0�3�6�8� 

�R�e�s�i�d�u�a�l� �9�9� �0�.�1�6�7�3� 

�T�o�t�a�l� �1�9�1� 

� � 

�P�R� �>� �F� �=� �l�e�v�e�l� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e



�8�7� 

�f�o�r� �e�a�c�h� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �w�h�e�n� �a�l�l� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�w�e�r�e� �a�n�a�l�y�z�e�d� �t�o�g�e�t�h�e�r�.� 

�I�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �t�h�e� �s�u�b�j�e�c�t� �v�a�r�i�a�b�l�e� �a�n�d� 

�i�t�s� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �s�l�e�e�v�e� �a�n�d� �p�o�s�i�t�i�o�n� �v�a�r�i�a�b�l�e�s� �w�e�r�e� 

�f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e�s�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�o�u�l�d� 

�i�m�p�l�y� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �a�m�o�u�n�t�s� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� 

�a�t� �t�h�e� �w�r�i�s�t� �a�m�o�n�g� �t�h�e� �s�u�b�j�e�c�t�s� �a�c�r�o�s�s� �a�l�l� �p�o�s�i�t�i�o�n�s� �a�n�d� �a�l�l� 

�s�l�e�e�v�e�s�.� �C�e�r�t�a�i�n� �s�u�b�j�e�c�t�s� �f�i�t� �t�h�e� �v�a�r�i�o�u�s� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�i�f�f�e�r�e�n�t�l�y� �f�r�o�m� �o�t�h�e�r� 

�s�u�b�j�e�c�t�s�.� �F�r�o�m� �t�h�i�s� �a�n�a�l�y�s�i�s� �i�t� �i�s� �a�p�p�a�r�e�n�t� �t�h�a�t� �t�h�e� �u�s�e� �o�f� 

�o�n�e� �s�u�b�j�e�c�t� �w�h�e�n� �f�i�t�t�i�n�g� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �m�a�y� �n�o�t� �b�e� 

�s�u�f�f�i�c�i�e�n�t�.� 

�F�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �n�e�e�d�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �T�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� 

�t�h�r�e�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�.� �S�o�m�e� �p�o�s�i�t�i�o�n�s� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �t�w�o� 

�p�l�a�n�e�s� �o�f� �m�o�t�i�o�n� �s�i�n�c�e� �t�h�e� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�v�a�r�i�o�u�s� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �a�r�m�,� �n�o�t� �a� �s�i�n�g�l�e� �s�t�a�t�i�c� �p�o�s�i�t�i�o�n�.� 

�T�h�e� �p�o�s�i�t�i�o�n�s� �r�e�p�o�r�t�e�d� �i�n� �t�w�o� �p�l�a�n�e�s� �w�e�r�e� �1�5�5� �d�e�g�r�e�e�s� �i�n� �t�h�e� 

�s�a�g�i�t�t�a�l� �a�n�d� �f�r�o�n�t�a�l� �p�l�a�n�e�s�;� �9�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� �a�n�d� 

�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�;� �a�n�d� �9�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� 

�f�r�o�n�t�a�l� �a�n�d� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�s�.� 

�T�h�e� �a�m�o�u�n�t�s� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �f�o�r� �t�h�e



�8�8� 

�v�a�r�i�o�u�s� �p�o�s�i�t�i�o�n�s� �a�r�e� �r�e�p�o�r�t�e�d� �a�s� �m�e�a�n�s� �i�n� �T�a�b�l�e� �8�.� �T�h�e� �b�a�r� 

�g�r�a�p�h� �i�n� �F�i�g�u�r�e� �9� �i�s� �a� �v�i�s�u�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �l�e�a�s�t� 

�s�q�u�a�r�e� �m�e�a�n�s� �o�f� �e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �f�o�r� �e�a�c�h� 

�p�o�s�i�t�i�o�n�.� �A� �T�u�k�e�y� �p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n� �w�a�s� �u�s�e�d� �t�o� �t�e�s�t� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �f�o�r� 

�s�p�e�c�i�f�i�c� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �T�h�e� �a�n�a�l�y�s�i�s� �o�f� �e�a�c�h� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �e�a�c�h� �o�f� �t�h�e� �o�t�h�e�r� 

�s�t�r�u�c�t�u�r�e�s� �b�y� �p�o�s�i�t�i�o�n� �i�s� �r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �9�.� 

�F�r�o�m� �t�h�e� �T�u�k�e�y� �p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�'� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �o�c�c�u�r�r�e�d� �a�t� �t�w�o� �a�r�m� 

�p�o�s�i�t�i�o�n�s�.� �T�h�e�s�e� �w�e�r�e� �a�d�d�u�c�t�i�o�n� �o�r� �f�l�e�x�i�o�n� �a�t� �1�5�5� �d�e�g�r�e�e�s� 

�a�n�d� �a�d�d�u�c�t�i�o�n� �t�o� �1�2�0� �d�e�g�r�e�e�s�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �e�x�h�i�b�i�t�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �a�t� �1�5�5� 

�d�e�g�r�e�e�s� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �e�a�c�h� �o�f� �t�h�e� �o�t�h�e�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� �F�o�r� �a�n� �a�r�m� �p�o�s�i�t�i�o�n� �a�t� �1�2�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� 

�f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n�,� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�'�s� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�r�i�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �s�e�t�-�i�n� �a�n�d� 

�g�u�s�s�e�t�e�d� �s�l�e�e�v�e�s�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �w�o�u�l�d� �i�n�f�e�r� �t�h�a�t� �t�h�e� �k�i�m�o�n�o� 

�s�l�e�e�v�e� �w�o�u�l�d� �b�e� �t�h�e� �l�e�a�s�t� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �a�r�m� �m�o�v�e�m�e�n�t�s� �o�v�e�r� 

�1�2�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �i�f� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �w�a�s� �a� �c�o�n�c�e�r�n�.� 

�A� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s
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�F�i�g�u�r�e� �1�1� 
�P�l�o�t�s� �o�f� �W�r�i�s�t� �R�e�g�r�e�s�s�i�o�n� �E�q�u�a�t�i�o�n�s



�9�6� 

�i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �q�u�a�d�r�a�t�i�c� 

�c�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �a� �g�i�v�e�n� �p�o�s�i�t�i�o�n� �d�i�d� �n�o�t� �v�a�r�y� �a�m�o�n�g� �t�h�e� 

�s�t�r�u�c�t�u�r�e�s�.� 

�T�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �s�u�p�p�o�r�t�e�d� �t�h�e� �f�i�n�d�i�n�g�s� �f�r�o�m� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�;� �t�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �w�h�e�n� �p�o�o�l�e�d� �a�c�r�o�s�s� �a�l�l� 

�s�u�b�j�e�c�t�s� �a�n�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �T�h�i�s� �w�o�u�l�d� �i�n�f�e�r� �t�h�a�t� �t�h�e� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �e�n�o�u�g�h� �s�t�r�u�c�t�u�r�a�l�l�y� 

�t�o� �e�x�h�i�b�i�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t�.� 

�¢� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�e� �T�h�e� �p�o�s�i�t�i�o�n� �a�n�d� �p�o�s�i�t�i�o�n� 

�a�n�a�l�y�s�i�s�,� �a�n�d� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �b�y� �t�h�e� �l�i�n�e�s�'� �s�l�o�p�e�s� �o�r� 

�d�e�f�i�n�e�d� �c�h�a�n�g�e� �o�f� �t�h�e� �l�i�n�e�s� �f�r�o�m� �a�r�m� �p�o�s�i�t�i�o�n� �t�o� �a�r�m� 

�p�o�s�i�t�i�o�n�.� �T�h�e�r�e� �i�s� �a� �d�e�f�i�n�e�d� �c�h�a�n�g�e� �i�n� �a�l�l� �o�f� �t�h�e� �l�i�n�e�s� 

�f�r�o�m� �t�h�e� �s�m�a�l�l�e�r� �a�r�m� �p�o�s�i�t�i�o�n� �a�n�g�l�e�s� �t�o� �t�h�e� �l�a�r�g�e�r� �a�n�g�l�e�s�.� 

�A�t� �t�h�e� �l�a�r�g�e�r� �a�r�m� �p�o�s�i�t�i�o�n� �a�n�g�l�e�s�,� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�'�s� 

�r�e�g�r�e�s�s�i�o�n� �l�i�n�e� �i�s� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e� �o�t�h�e�r� �l�i�n�e�s�.� �T�h�i�s� 

�s�u�p�p�o�r�t�s� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �f�o�u�n�d� �i�n� �t�h�e� �T�u�k�e�y� 

�p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n� �i�n� �w�h�i�c�h� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�r�i�s�t� �f�o�r� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� 

�t�h�e� �o�t�h�e�r� �s�t�r�u�c�t�u�r�e�s� �f�o�r� �a�r�m� �p�o�s�i�t�i�o�n�s� �o�f� �1�5�5� �a�n�d� �1�2�0� 

�d�e�g�r�e�e�s� �i�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e� �o�f� �m�o�t�i�o�n�.



�9�7� 

�G�a�r�m�e�n�t� �S�l�i�p�p�a�g�e� �a�t� �W�a�i�s�t� 

�N�u�l�l� �H�y�p�o�t�h�e�s�i�s� �I�I�:� �T�h�e�r�e� �w�i�l�l� �b�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �a�m�o�n�g� �a�l�l� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� �T�h�i�s� �w�a�s� �t�e�s�t�e�d� �u�s�i�n�g� �t�h�e� �s�a�m�e� �m�e�t�h�o�d�s� �o�f� 

�a�n�a�l�y�s�i�s� �w�h�i�c�h� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�r�i�s�t�.� �F�r�o�m� �t�h�i�s� �a�n�a�l�y�s�i�s� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �f�o�r� �a�l�l� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� 

�b�e�t�w�e�e�n� �t�h�e� �v�a�r�i�a�b�l�e�s� �(�T�a�b�l�e� �1�2�)�.� �N�u�l�l� �h�y�p�o�t�h�e�s�i�s� �I�I� �w�a�s� 

�r�e�j�e�c�t�e�d�.� 

�F�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �n�e�e�d�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� 

�s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �T�h�e� �a�m�o�u�n�t�s� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�a�i�s�t� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� �p�o�s�i�t�i�o�n�s� �a�r�e� �r�e�p�o�r�t�e�d� �a�s� �m�e�a�n�s� �i�n� 

�T�a�b�l�e� �1�3� �a�n�d� �a� �b�a�r� �g�r�a�p�h� �i�s� �u�s�e�d� �t�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �m�e�a�n�s� 

�(�F�i�g�u�r�e� �1�1�)�.� �T�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �a�r�e� �d�i�v�i�d�e�d� �i�n�t�o� 

�v�a�r�i�o�u�s� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�.� �A� �T�u�k�e�y� �p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n� �w�a�s� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �f�o�r� �s�p�e�c�i�f�i�c� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� �T�h�e� �a�n�a�l�y�s�i�s� �o�f� 

�e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �e�a�c�h� �o�f� �t�h�e� �o�t�h�e�r� 

�s�t�r�u�c�t�u�r�e�s� �b�y� �p�o�s�i�t�i�o�n� �i�s� �r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �1�4�.
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�1�0�2� 

�F�o�r� �t�h�e� �T�u�k�e�y� �p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �f�o�r� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �9�0� �d�e�g�r�e�e�s� �b�e�t�w�e�e�n� �t�h�e� �k�i�m�o�n�o� �a�n�d� 

�s�e�t�-�i�n� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �h�a�d� 

�c�o�n�s�i�s�t�e�n�t�l�y� �l�e�s�s� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t�.� �I�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� 

�p�l�a�n�e� �o�f� �m�o�t�i�o�n�,� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� 

�s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �r�a�g�l�a�n� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �w�o�u�l�d� �i�n�f�e�r� �t�h�a�t� �t�h�e� 

�k�i�m�o�n�o� �s�l�e�e�v�e� �m�a�y� �h�a�v�e� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�a�i�s�t� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�f�o�r� �p�a�r�t�i�c�u�l�a�r� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s�.� 

�T�h�e� �g�u�s�s�e�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�l�e�s�s� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �e�x�t�r�e�m�e� �a�r�m� �p�o�s�i�t�i�o�n�s� �i�n� �a�l�l� �t�h�r�e�e� 

�p�l�a�n�e�s� �o�f� �m�o�t�i�o�n� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �a�n�d� 

�r�a�g�l�a�n� �s�l�e�e�v�e�.� �I�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �t�h�e� �k�i�m�o�n�o� 

�w�i�t�h� �g�u�s�s�e�t� �s�l�e�e�v�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�a�i�s�t� �t�h�a�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�.� �T�h�i�s� �w�o�u�l�d� �i�m�p�l�y� �t�h�a�t� �t�h�e� 

�k�i�m�o�n�o� �w�i�t�h� �g�u�s�s�e�t� �s�l�e�e�v�e� �w�h�i�c�h� �i�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �u�n�d�e�r�a�r�m� 

�o�f� �t�h�i�s� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �w�o�u�l�d� �n�o�t� �r�e�d�u�c�e� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �f�o�r� �a�r�m� �p�o�s�i�t�i�o�n�s� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� 

�p�l�a�n�e� �o�f� �m�o�t�i�o�n�.� �I�n� �t�h�e� �s�a�g�i�t�t�a�l� �a�n�d� �f�r�o�n�t�a�l� �p�l�a�n�e�s� �o�f� 

�m�o�t�i�o�n�,� �t�h�e� �k�i�m�o�n�o� �w�i�t�h� �g�u�s�s�e�t� �s�l�e�e�v�e� �a�n�d� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�e�r�e� 

�S�i�m�i�l�a�r�.� �T�h�e� �s�i�m�i�l�a�r� �a�m�o�u�n�t�s� �o�f� �s�l�i�p�p�a�g�e� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� 

�S�i�m�i�l�a�r�i�t�y� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.



�1�0�3� 

�A� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�h�a�n�g�e�s� 

�o�c�c�u�r�r�i�n�g� �a�s� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �w�e�r�e� �m�o�v�e�d� �t�o� �v�a�r�i�o�u�s� 

�¢� �w�a�s� �a�n�g�l�e�s�.� �F�r�o�m� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�,� �t�h�e� �p�o�s�i�t�i�o�n� 

�f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �a�l�l� �t�h�r�e�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� 

�m�o�r�e� �s�l�i�p�p�a�g�e� �o�f� �t�h�e� �g�a�r�m�e�n�t�s� �a�t� �e�x�t�r�e�m�e� �a�r�m� �p�o�s�i�t�i�o�n� �a�n�g�l�e�s� 

�(�T�a�b�l�e� �1�5�)�.� �F�o�r� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�,� �t�h�e� �p�o�s�i�t�i�o�n�,� 

�¢� �b�y� �s�l�e�e�v�e� �w�e�r�e� �a�l�l� �s�i�g�n�i�f�i�c�a�n�t�.� �p�o�s�i�t�i�o�n ��?� �a�n�d� �t�h�e� �p�o�s�i�t�i�o�n� 

�T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� �l�i�n�e�a�r� �a�n�d� �q�u�a�d�r�a�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� 

�i�n�f�e�r�s� �t�h�a�t� �s�l�i�p�p�a�g�e� �v�a�r�i�e�s� �f�r�o�m� �o�n�e� �a�r�m� �p�o�s�i�t�i�o�n� �t�o� 

�a�n�o�t�h�e�r�.� �T�h�e� �p�o�s�i�t�i�o�n�*�-�b�y�-� �s�l�e�e�v�e� �i�n�t�e�r�a�c�t�i�o�n� �i�n�d�i�c�a�t�e�s� 

�t�h�a�t� �t�h�e� �q�u�a�d�r�a�t�i�c� �c�o�e�f�f�i�c�i�e�n�t�s� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �f�o�r� �e�a�c�h� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�.� 

�T�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �g�a�r�m�e�n�t� 

�S�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �a�n�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �i�n� �t�h�r�e�e� �p�l�a�n�e�s� 

�o�f� �m�o�t�i�o�n�,� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�6� 

�a�n�d� �t�h�e�n� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� �1�2�.� �T�h�e� �l�i�n�e�s� �f�o�r� �t�h�e� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� �a�n�d� �f�r�o�n�t�a�l� �p�l�a�n�e�s� 

�o�f� �m�o�t�i�o�n� �a�r�e� �s�i�m�i�l�a�r� �i�n� �s�h�a�p�e�,� �b�u�t� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� 

�c�h�a�n�g�e�s� �f�o�r� �e�a�c�h� �a�r�m� �p�o�s�i�t�i�o�n�.� 

�I�n� �t�h�e� �g�r�a�p�h� �o�f� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�,� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s �� �l�i�n�e�s� �a�r�e� �s�p�r�e�a�d� �a�p�a�r�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �a�n�d� �v�a�r�y� 

�f�o�r� �d�i�f�f�e�r�e�n�t� �a�r�m� �p�o�s�i�t�i�o�n�s�,� �t�h�u�s� �i�l�l�u�s�t�r�a�t�i�n�g� �m�o�r�e� 

�v�a�r�i�a�b�i�l�i�t�y� �a�m�o�n�g� �s�l�i�p�p�a�g�e� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�w�h�e�n� �v�i�e�w�e�d� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�.� �I�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e
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�t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �a�m�o�n�g� �a�l�l� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �T�o� �t�e�s�t� �t�h�i�s� 
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�r�e�s�u�l�t�s� �o�f� �w�h�i�c�h� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �1�7�.� �F�r�o�m� �t�h�e� 
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�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�.� �I�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e� �o�f� 

�m�o�t�i�o�n�,� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �s�l�i�p�p�a�g�e� �a�t� 

�t�h�e� �c�e�n�t�e�r� �b�a�c�k� �p�o�s�i�t�i�o�n� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �r�a�g�l�a�n� 

�S�l�e�e�v�e�.� �T�h�e� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �f�o�r� 

�t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�a�s� �r�e�f�l�e�c�t�e�d� �b�y� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�'�s� �s�m�a�l�l� 

�a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t�.� 

�A� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�a�t� �p�a�r�t�i�c�u�l�a�r� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �(�T�a�b�l�e� �2�0�)�.� �I�n� �t�h�e� 

�s�a�g�i�t�t�a�l� �a�n�d� �f�r�o�n�t�a�l� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�,� �s�u�b�j�e�c�t� �w�a�s� �t�h�e� �o�n�l�y� 

�v�a�r�i�a�b�l�e� �f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t�.� �P�o�s�i�t�i�o�n� �a�n�d� �p�o�s�i�t�i�o�n�?� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e�.� �p�l�a�n�e� �o�f� �m�o�t�i�o�n�.� �T�h�i�s� 

�s�i�g�n�i�f�i�c�a�n�c�e� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� 

�S�l�i�p�p�a�g�e� �f�o�r� �e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �w�a�s� �s�i�m�i�l�a�r� �t�o
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�1�1�4� 

�t�h�e� �o�t�h�e�r�s� �a�t� �e�a�c�h� �a�r�m� �p�o�s�i�t�i�o�n�,� �b�u�t� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� 

�a�c�r�o�s�s� �a�l�l� �s�t�r�u�c�t�u�r�e�s� �d�i�d� �v�a�r�y� �b�e�t�w�e�e�n� �t�h�e� �a�r�m� �p�o�s�i�t�i�o�n�s�.� 

�T�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� 

�s�l�i�p�p�a�g�e� �a�n�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �i�n� �t�h�r�e�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�,� 

�t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�1� �a�n�d� �t�h�e�n� 

�p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� �1�5�.� �D�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� 

�t�h�e� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�,� �t�h�e� �l�i�n�e�s� �p�l�o�t�t�e�d� 

�f�o�r� �t�h�e� �s�a�g�i�t�t�a�l� �a�n�d� �f�r�o�n�t�a�l� �p�l�a�n�e�s� �a�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�i�f�f�e�r�e�n�t�.� �F�o�r� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e�,� �p�o�s�i�t�i�o�n� �a�n�d� �p�o�s�i�t�i�o�n�?� 

�w�e�r�e� �S�i�g�n�i�f�i�c�a�n�t�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �g�r�a�p�h� �f�o�r� �t�h�e� �t�r�a�n�s�v�e�r�s�e� 

�p�l�a�n�e� �d�o�e�s� �i�l�l�u�s�t�r�a�t�e� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �f�o�r� �a�l�l� 

�t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �v�a�r�i�e�s� �s�i�m�i�l�a�r�l�y� �f�o�r� �e�a�c�h� �a�r�m� 

�p�o�s�i�t�i�o�n�,� �d�e�c�l�i�n�i�n�g� �a�t� �t�h�e� �s�m�a�l�l�e�r� �a�n�g�l�e�s�.� 

�F�r�o�m� �t�h�e� �p�l�o�t�s�,� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �c�a�n� �b�e�e�n� �s�e�e�n�.� �I�n� �e�a�c�h� �p�l�o�t�,� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� 

�e�x�h�i�b�i�t�s� �t�h�e� �g�r�e�a�t�e�s�t� �s�l�i�p�p�a�g�e�,� �t�h�e�n� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�,� 

�k�i�m�o�n�o� �s�l�e�e�v�e� �a�n�d� �t�h�e�n� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �i�n� 

�d�e�s�c�e�n�d�i�n�g� �o�r�d�e�r�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �a�n�d� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� 

�g�u�s�s�e�t� �c�o�n�s�i�s�t�e�n�t�l�y� �h�a�v�e� �t�h�e� �l�e�a�s�t� �s�l�i�p�p�a�g�e�,� �a�n�d� �t�h�e� �p�l�o�t�s� 

�o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �s�e�e�m� �t�o� �b�e� �p�a�r�a�l�l�e�l�.� �T�h�i�s� �w�o�u�l�d� 

�s�u�p�p�o�r�t� �t�h�e� �s�i�m�i�l�a�r�i�t�i�e�s� �b�e�e�n� �t�h�e� �t�w�o� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s� �a�n�d� �w�o�u�l�d� �i�m�p�l�y� �t�h�a�t� �t�h�e� �g�u�s�s�e�t� �w�h�i�c�h� �i�s� �a�p�p�l�i�e�d� 

�t�o� �a� �k�i�m�o�n�o� �s�l�e�e�v�e� �m�i�g�h�t� �p�r�e�v�e�n�t� �s�o�m�e� �a�d�d�i�t�i�o�n�a�l� �s�l�i�p�p�a�g�e� �a�t� 

�t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �p�o�s�i�t�i�o�n�,� �a�l�t�h�o�u�g�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 

�m�a�y� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �b�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�.
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�p�o�s�i�t�i�o�n�s� �i�n� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �a�n�d� �a�t� �1�2�0� �a�n�d� 

�9�0� �d�e�g�r�e�e�s� �i�n� �t�h�e� �s�a�g�i�t�t�a�l� �a�n�d� �f�r�o�n�t�a�l� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�.� 

�T�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �a�n�d� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �w�e�r�e� �a�l�s�o� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�o�r� �t�h�e� �e�x�t�r�e�m�e� �a�r�m� �p�o�s�i�t�i�o�n� �o�f� �1�5�5� 

�d�e�g�r�e�e�s�.� �T�h�e� �s�m�a�l�l�e�r� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �f�o�r� 

�t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �w�a�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �g�r�e�a�t�e�r� �s�l�i�p�p�a�g�e� �a�t� 

�t�h�e� �w�a�i�s�t� �r�e�c�o�r�d�e�d� �f�o�r� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�.� 

�A� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�a�s� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �c�h�a�n�g�e�d� �(�T�a�b�l�e� �2�5�)�.� �T�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� 

�a�n�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�s� �i�n� �t�h�r�e�e� �p�l�a�n�e�s� �o�f� �m�o�t�i�o�n�,� �t�h�e� 

�r�e�g�r�e�s�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�6� �a�n�d� �t�h�e�n� 

�p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e�s� �1�7�.� 

�I�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e�,� 

�l�i�n�e�a�r� �c�h�a�n�g�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �b�u�t� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� 

�s�l�e�e�v�e� �t�y�p�e� �w�a�s� �n�o�t�.� �T�h�e� �p�o�s�i�t�i�o�n ��-�b�y�-�s�l�e�e�v�e� �i�n�t�e�r�a�c�t�i�o�n� 

�w�a�s� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �t�h�e� �s�a�g�i�t�t�a�l� �p�l�a�n�e�.� �T�h�i�s� �i�s� 

�i�l�l�u�s�t�r�a�t�e�d� �m�o�s�t�l�y� �b�y� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e�,� �w�h�i�c�h� �h�a�d� �t�h�e� �l�e�a�s�t� 

�s�l�i�p�p�a�g�e� �a�t� �1�5�5� �d�e�g�r�e�e�s�,� �w�h�e�r�e�a�s� �t�h�e� �o�t�h�e�r�s� �e�x�h�i�b�i�t�e�d� 

�g�r�e�a�t�e�r� �s�l�i�p�p�a�g�e� �a�t� �1�5�5� �d�e�g�r�e�e�s�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �s�m�a�l�l�e�r� 

�a�m�o�u�n�t� �o�f� �c�h�a�n�g�e� �i�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �f�o�r� �t�h�e� �r�a�g�l�a�n� �i�s



�1�2�3� 

�T�a�b�l�e� �2�5� 

�S�i�g�n�i�f�i�c�a�n�c�e� �o�f� �R�e�g�r�e�s�s�i�o�n� �f�o�r� 
�C�e�n�t�e�r� �B�a�c�k� �A�n�g�l�e� 

� � 

� � 

� � 

� � 

� � 

� � 

�S�o�u�r�c�e� �M�e�a�n� �S�q�u�a�r�e� �F� �v�a�l�u�e� 

�S�a�g�i�t�t�a�l� �P�l�a�n�e� 

�S�u�b�j�e�c�t� �3� �2�9�.�7�0�3�9� �-�8�0� �-�5�0�0�0� 

�S�l�e�e�v�e� �3� �4�7�.�2�6�2�2� �2�.�1�1� �-� �1�6�8�9� 

�S�l�e�e�v�e�*�S�u�b�j�e�c�t� �9� �2�2�.�3�8�0�4� �-�6�0� �-�7�8�5�6� 

�P�o�s�i�t�i�o�n� �1� �2�5�2�.�8�3�0�1� �6�.�8�3� �0�1�2�6� 

�P�o�s�i�t�i�o�n�*�S�l�e�e�v�e� �3� �9�2�.�5�3�2�3� �2�.�5�0� �0�7�3�3� 

�P�o�s�i�t�i�o�n�?� �1� �1�2�1�.�4�9�7�9� �3�.�2�8� �.�0�7�7�6� 
�P�o�s�i�t�i�o�n�*�*�S�l�e�e�v�e� �3� �1�0�8�.�7�3�0�2� �2�.�9�4� �0�4�4�8� 
�R�e�s�i�d�u�a�l� �4�0� �3�7�.�0�2�3�9� 

�T�o�t�a�l� �6�3� 

�F�r�o�n�t�a�l� �P�l�a�n�e� 

�S�u�b�j�e�c�t� �3� �4�7�.�4�6�6�7� �2�.�9�9� �-�0�4�2�4� 

�S�l�e�e�v�e� �3� �7�.�7�2�9�4� �~�-�4�1� �~�7�4�8�1� 

�S�l�e�e�v�e�*�S�u�b�j�e�c�t� �9� �1�8�.�7�3�7�0� �1�.�1�8� �~�3�3�4�4� 

�P�o�s�i�t�i�o�n� �1� �1�1�.�8�8�6�6� �~�7�5� �-�3�9�2�3� 

�P�o�s�i�t�i�o�n�*�S�l�e�e�v�e� �3� �7�4�.�0�3�8�9� �4�.�6�6� �-�0�0�6�9� 

�P�o�s�i�t�i�o�n�?� �1� �4�8�.�6�0�7�6� �3�.�0�6� �-�0�8�8�0� 

�P�o�s�i�t�i�o�n�*�*�S�l�e�e�v�e� �3� �9�5�.�5�3�4�9� �6�.�0�1� �.�0�0�1�8� 
�R�e�s�i�d�u�a�l� �4�0� �1�5�.�8�9�2�8� 

�T�o�t�a�l� �6�3� 

�T�r�a�n�s�v�e�r�s�e� �P�l�a�n�e� 

�S�u�b�j�e�c�t� �3� �4�7�.�6�0�4�8� �4�.�6�9� �-�0�0�6�7� 

�S�l�e�e�v�e� �3� �1�0�5�.�1�1�1�2� �5�.�8�2� �-�0�1�7�1� 

�S�l�e�e�v�e�*�S�u�b�j�e�c�t� �9� �1�8�.�6�1�2�1� �1�.�7�8� �.�1�0�2�8� 
�P�o�s�i�t�i�o�n� �1� �3�2�1�.�3�9�0�8� �3�1�.�6�7� �~�O�0�0�1� 

�P�o�s�i�t�i�o�n�*�S�l�e�e�v�e� �3� �4�.�0�3�1�3� �-�4�0� �-� �7�5�5�7� 

�P�o�s�i�t�i�o�n�?� �1� �0�.�3�9�4�9� �.�0�4� �8�4�4�6� 
�P�o�s�i�t�i�o�n ��*�S�l�e�e�v�e� �3� �3�0�.�3�2�8�4� �1�.�0�0� �4�0�4�5� 
�R�e�s�i�d�u�a�l� �4�0� �1�0�.�1�4�8�6� 
� � 

�T�o�t�a�l� �6�3



�1�2�4� 

�T�a�b�l�e� �2�6� 

�R�e�g�r�e�s�s�i�o�n� �C�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� 
�C�h�a�n�g�e� �i�n� �C�e�n�t�e�r� �B�a�c�k� �A�n�g�l�e� 

� � 

� � 

� � 

� � 

�S�l�e�e�v�e� �T�y�p�e� �I�n�t�e�r�c�e�p�t� �L�i�n�e�a�r� �Q�u�a�d�r�a�t�i�c� 
�S�l�o�p�e� �S�l�o�p�e� 

�S�a�g�i�t�t�a�l� �P�l�a�n�e� �(�R�*� �=� �.�5�9�4�7�)� 
�S�e�t�-�i�n� �7�4�.�9�2� �-�.�2�0�3�0� �9�.�6�8�E�-�4� 

�K�i�m�o�n�o� �8�0�.�2�4� �0�3�8�2� �-�7�.�2�4�E�-�4� 

�R�a�g�l�a�n� �7�9�.�7�6� �-�.�4�5�9�3� �2�.�9�7�E�-�3� 

�G�u�s�s�e�t� �7�7�.�5�8� �-�.�0�7�9�9� �1�.�2�9�E�-�4� 

�F�r�o�n�t�a�l� �P�l�a�n�e� �(�R�*� �=� �.�7�7�3�1�)� 
�S�e�t�-�i�n� �8�3�.�9�5� �-�.�0�6�5�8� �-�2�.�9�6�E�-�4� 

�K�i�m�o�n�o� �8�2�.�4�9� �~�1�1�1�5� �-�1�.�2�9�E�-�3� 

�R�a�g�l�a�n� �8�4�.�7�7� �-�.�1�8�7�5� �9�.�7�0�E�~�-�4� 

�G�u�s�s�e�t� �8�1�.�7�0� �.�0�3�7�7� �-�7�.�6�7�E�-�4� 

�T�r�a�n�s�v�e�r�s�e� �P�l�a�n�e� �(�R�*� �=� �.�8�6�0�5�)� 
�S�e�t�-�i�n� �6�6�.�9�9� �~�0�5�3�4� �3�.�3�7�E�-�4� 

�K�i�m�o�n�o� �7�6�.�8�4� �-�0�7�6�0� �-�~�7�.�5�6�E�-�5� 

�R�a�g�l�a�n� �7�3�.�4�7� �0�9�5�5� �-�3�.�4�9�E�-�4� 

�G�u�s�s�e�t� �7�2�.�0�2� �0�7�4�6� �-�2�.�3�6�E�-�5� 

� 



�1�2�5� 

�S�a�g�i�t�t�a�l� �P�l�a�n�e� 
� � �9�0� 

�S�l�i�p�p�a�g�e� �,� 

� � 

� � 

� � � � � � � � 
� � 

� � 

� � 

� � � � � � 
� � 

� � � � � � 

�(�d�e�g�r�e�e�s�)� 
�;�}�  �� 

�6�0� 
�9�0� �A�r�m� �P�o�s�i�t�i�o�n� �(�d�e�g�r�e�e�s�)� �1�5�0� 

�F�r�o�n�t�a�l� �P�l�a�n�e� 
�9�0� 

�S�l�i�p�p�a�g�e� 
�(�d�e�g�r�e�e�s�)� 

�6�0� 
�9�0� �A�r�m� �P�o�s�i�t�i�o�n� �(�d�e�g�r�e�e�s�)� �1�5�0� 

�T�r�a�n�s�v�e�r�s�e� �P�l�a�n�e� 
�9�0� 

�S�l�i�p�p�a�g�e� �a�e� 

�(�c�e�g�r�e�e�s�)� �a�a� 

�|�p� 

�6�0� 
�-�4�5� �A�r�m� �P�o�s�i�t�i�o�n� �(�d�e�g�r�e�e�s�)� �1�3�5� 

�+� �s�e�t�-�i�n� �©� �k�i�m�o�n�o� �G� �r�a�g�l�a�n� �x� �g�u�s�s�e�t� 

�F�i�g�u�r�e� �1�7� 
�P�l�o�t�s� �o�f� �C�e�n�t�e�r� �B�a�c�k� �A�n�g�l�e� �R�e�g�r�e�s�s�i�o�n� �E�q�u�a�t�i�o�n�s



�1�2�6� 

�n�o�t� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�.� �F�r�o�m� �o�b�s�e�r�v�a�t�i�o�n�s� �m�a�d�e� �o�f� �t�h�e� �s�l�i�d�e�s� 

�f�r�o�m� �w�h�i�c�h� �t�h�e� �d�a�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e� 

�r�a�g�l�a�n� �s�l�e�e�v�e� �h�a�d� �t�h�e� �t�e�n�d�e�n�c�y� �t�o� �m�o�v�e� �o�r� �s�l�i�p� �a�s� �o�n�e� �u�n�i�t�.� 

�T�h�e�r�e�f�o�r�e� �t�h�e� �a�n�g�l�e� �d�i�d� �n�o�t� �c�h�a�n�g�e� �b�e�c�a�u�s�e� �t�h�e� �e�n�t�i�r�e� 

�g�a�r�m�e�n�t� �s�l�i�p�p�e�d�,� �n�o�t� �j�u�s�t� �t�h�e� �w�a�i�s�t�.� 

�I�n� �t�h�e� �f�r�o�n�t�a�l� �p�l�a�n�e�,� �t�h�e� �l�i�n�e�a�r� �a�n�d� �q�u�a�d�r�a�t�i�c� 

�i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� 

�T�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �f�o�r� �e�a�c�h� �s�t�r�u�c�t�u�r�e� �a�r�e� �d�i�f�f�e�r�e�n�t�.� �I�n� 

�g�e�n�e�r�a�l�,� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �d�e�c�r�e�a�s�e�d� �i�n� �s�i�z�e� �a�s� �t�h�e� �a�r�m� 

�p�o�s�i�t�i�o�n� �i�n�c�r�e�a�s�e�d�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �m�o�r�e� �s�l�i�p�p�a�g�e� �a�s� �t�h�e� �a�r�m� 

�i�s� �r�a�i�s�e�d�.� �T�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �h�a�d� �m�o�r�e� �s�l�i�p�p�a�g�e� �a�t� �1�2�0� 

�d�e�g�r�e�e�s� �a�n�d� �9�0� �d�e�g�r�e�e�s� �t�h�a�n� �a�t� �1�5�5� �d�e�g�r�e�e�s�.� �T�h�i�s� �w�o�u�l�d� 

�i�m�p�l�y� �t�h�a�t� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �w�o�u�l�d� �b�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �t�h�e� 

�a�r�m� �p�o�s�i�t�i�o�n�s� �a�t� �1�5�5� �d�e�g�r�e�e�s�.� �A�s� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� 

�s�a�g�i�t�t�a�l� �p�l�a�n�e�,� �t�h�e� �e�n�t�i�r�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �m�u�s�t� �b�e� �a�b�l�e� �t�o� 

�m�o�v�e� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� �l�a�r�g�e�r� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e�.� �T�h�e� �s�l�i�p�p�a�g�e� 

�o�f� �t�h�e� �e�n�t�i�r�e� �g�a�r�m�e�n�t� �m�a�y� �n�o�t� �b�e� �d�e�s�i�r�a�b�l�e�.� 

�F�o�r� �t�h�e� �t�r�a�n�s�v�e�r�s�e� �p�l�a�n�e� �o�f� �m�o�t�i�o�n� �t�h�e� �q�u�a�d�r�a�t�i�c� 

�v�a�r�i�a�b�l�e� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �b�u�t� �t�h�e� �l�i�n�e�a�r� �v�a�r�i�a�b�l�e� �w�a�s� 

�S�i�g�n�i�f�i�c�a�n�t�.� �T�h�i�s� �i�s� �d�u�e� �t�o� �a�l�l� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�s�l�i�p�p�i�n�g� �m�o�r�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �a�s� �t�h�e� �a�r�m� �p�o�s�i�t�i�o�n� 

�a�n�g�l�e� �i�n�c�r�e�a�s�e�d�.� 

�I�n� �e�a�c�h� �p�l�a�n�e� �o�f� �m�o�t�i�o�n�,� �t�h�e� �p�o�s�i�t�i�o�n�i�n�g� �o�f� �t�h�e� �l�i�n�e�s� 

�f�o�r� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�,� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �a�n�d� �s�e�t�-�i�n� 

�s�l�e�e�v�e� �r�e�m�a�i�n� �i�n� �t�h�e� �s�a�m�e� �o�r�d�e�r�.� �I�n� �t�h�e� �p�l�o�t�s�,� �t�h�e� �l�a�r�g�e�r
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�t�h�e� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �r�e�c�o�r�d�e�d�,� �t�h�e� �l�e�s�s� �s�l�i�p�p�a�g�e� �h�a�d� 

�o�c�c�u�r�r�e�d�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �l�i�n�e�s� �p�l�o�t�t�e�d� �f�o�r� �t�h�e� �c�e�n�t�e�r�/�b�a�c�k� 

�a�n�g�l�e� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �p�l�o�t�t�e�d� �f�o�r� �t�h�e� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n�.� �T�h�i�s� �w�o�u�l�d� �s�u�p�p�o�r�t� �t�h�e� 

�o�b�v�i�o�u�s� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �w�h�e�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� 

�l�o�c�a�t�i�o�n� �m�o�v�e�d�,� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �a�n�g�l�e� �w�o�u�l�d� 

�S�i�m�i�l�a�r�l�y� �c�h�a�n�g�e�.� 

�C�o�n�c�l�u�s�i�o�n�s� 

�T�h�e� �t�h�e�o�r�e�t�i�c�a�l� �f�r�a�m�e�w�o�r�k� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �d�e�v�e�l�o�p�e�d� 

�f�r�o�m� �u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� �a�n�a�t�o�m�i�c�a�l� �r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�s�h�o�u�l�d�e�r� �j�o�i�n�t� �w�h�e�n� �t�h�e� �a�r�m� �c�h�a�n�g�e�s� �p�o�s�i�t�i�o�n�s� �a�n�d� �t�h�e� 

�s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� �F�r�o�m� �t�h�i�s� �u�n�d�e�r�s�t�a�n�d�i�n�g�,� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �w�a�s� 

�p�r�e�d�i�c�t�e�d� �f�r�o�m� �c�h�a�n�g�e�s� �i�n� �a�r�m� �p�o�s�i�t�i�o�n�.� �I�t� �i�s� �k�n�o�w�n� �t�h�a�t� 

�w�h�e�n� �t�h�e� �a�r�m� �m�o�v�e�s�,� �d�i�f�f�e�r�e�n�t� �j�o�i�n�t�s� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� 

�a�c�t�i�o�n�.� �T�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �o�f� �t�h�e� �b�o�d�y� �c�h�a�n�g�e�s� �s�h�a�p�e�.� 

�S�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �a�r�e� �m�a�d�e� �t�o� �c�o�v�e�r� �t�h�e� 

�s�h�o�u�l�d�e�r� �a�r�e�a� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �s�t�r�u�c�t�u�r�a�l� �d�i�m�e�n�s�i�o�n�s�.� �W�h�e�n� �a� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �i�s� �w�o�r�n� �o�v�e�r� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a�,� �t�h�e� 

�s�t�r�u�c�t�u�r�e� �c�a�n� �n�o�t� �s�i�m�u�l�a�t�e� �t�h�e� �a�c�t�i�o�n�s� �o�f� �t�h�e� �s�h�o�u�l�d�e�r�.� �T�h�e� 

�g�a�r�m�e�n�t�'�s� �r�e�a�c�t�i�o�n� �t�o� �s�h�o�u�l�d�e�r� �m�o�v�e�m�e�n�t� �i�s� �t�o� �s�l�i�p�,� �o�r� 

�w�r�i�n�k�l�e� �o�r� �s�t�r�e�t�c�h�.
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�F�r�o�m� �a�n� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 

�t�h�e�r�e� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �w�r�i�s�t�,� �w�a�i�s�t�,� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �a�n�g�l�e� 

�f�o�r� �t�h�e� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n�-�b�y�-�s�l�e�e�v�e� �i�n�t�e�r�a�c�t�i�o�n�.� �T�h�e�s�e� 

�d�i�f�f�e�r�e�n�c�e�s� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�a�t�,� �g�i�v�e�n� �a� �p�a�r�t�i�c�u�l�a�r� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�,� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �t�h�e� �f�o�u�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� 

�I�n� �e�a�c�h� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �f�o�u�n�d� 

�S�i�g�n�i�f�i�c�a�n�t�.� �T�h�i�s� �w�o�u�l�d� �i�m�p�l�y� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �d�i�f�f�e�r�e�n�t� 

�a�m�o�u�n�t�s� �o�f� �s�l�i�p�p�a�g�e� �t�h�a�t� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �s�u�b�j�e�c�t�s�.� �T�h�e� �u�s�e� 

�o�f� �o�n�e� �s�u�b�j�e�c�t� �i�n� �t�h�i�s� �s�t�u�d�y� �c�o�u�l�d� �n�o�t� �h�a�v�e� �b�e�e�n� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �F�o�r� �e�a�c�h� �t�y�p�e� �o�f� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�,� �s�u�b�j�e�c�t�s� �a�c�c�o�u�n�t�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� 

�p�e�r�c�e�n�t�a�g�e�s� �o�f� �t�h�e� �s�l�i�p�p�a�g�e� �v�a�r�i�a�t�i�o�n�.� �F�o�r� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� 

�a�t� �t�h�e� �w�r�i�s�t� �t�h�e� �s�u�b�j�e�c�t�s� �a�c�c�o�u�n�t�e�d� �f�o�r� �1�.�7�%� �v�a�r�i�a�t�i�o�n�;� �a�t� 

�t�h�e� �w�a�i�s�t� �1�5�%�,� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �2�8�%�,� 

�a�n�d� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �4�.�6�%�.� 

�F�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �n�e�e�d�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� 

�s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� 

�c�o�n�t�r�i�b�u�t�i�n�g� �f�a�c�t�o�r�s�.� �T�h�e� �f�o�u�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� 

�u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �h�a�d� �d�i�f�f�e�r�e�n�t� �s�t�r�u�c�t�u�r�a�l� �d�i�m�e�n�s�i�o�n�s� 

�(�T�a�b�l�e� �4�)�.� �F�r�o�m� �t�h�e�s�e� �d�i�m�e�n�s�i�o�n�s� �i�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e�r�e� 

�w�o�u�l�d� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �w�h�i�c�h� �w�o�u�l�d� �o�c�c�u�r� �a�t� �t�h�e� �w�r�i�s�t� �a�n�d� �w�a�i�s�t� �w�h�e�n� �t�h�e
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�s�h�o�u�l�d�e�r� �c�o�m�p�l�e�x� �c�h�a�n�g�e�d� �p�o�s�i�t�i�o�n�.� �B�a�s�e�d� �o�n� �t�h�e� �s�t�r�u�c�t�u�r�a�l� 

�d�i�m�e�n�s�i�o�n�s�,� �i�t� �c�o�u�l�d� �b�e� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �w�o�u�l�d� 

�s�h�o�w� �t�h�e� �g�r�e�a�t�e�s�t� �a�m�o�u�n�t� �o�f� �w�r�i�s�t� �s�l�i�p�p�a�g�e� �s�i�n�c�e� �i�t� �h�a�d� �t�h�e� 

�s�h�o�r�t�e�s�t� �u�n�d�e�r�a�r�m� �s�e�a�m�l�i�n�e� �l�e�n�g�t�h�,� �a�n�d� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� 

�w�i�t�h� �g�u�s�s�e�t� �w�o�u�l�d� �e�x�h�i�b�i�t� �t�h�e� �l�e�a�s�t� �s�l�i�p�p�a�g�e�,� �d�u�e� �t�o� �i�t�s� 

�l�o�n�g�e�s�t� �s�e�a�m� �l�e�n�g�t�h�.� �F�r�o�m� �a� �T�u�k�e�y� �p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n� �o�f� 

�t�h�e� �m�e�a�n�s� �f�o�r� �e�a�c�h� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e� �b�y� �s�h�o�u�l�d�e�r� 

�p�o�s�i�t�i�o�n�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�i�s� �w�a�s� �n�o�t� �t�r�u�e�.� �T�h�e� 

�k�i�m�o�n�o� �s�l�e�e�v�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �s�l�i�p�p�a�g�e� �i�n� �t�h�e� 

�a�m�o�u�n�t� �o�f� �w�r�i�s�t� �s�l�i�p�p�a�g�e� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t�,� 

�w�h�i�c�h� �h�a�d� �t�h�e� �l�a�r�g�e�s�t� �u�n�d�e�r�a�r�m� �l�e�n�g�t�h�,� �s�h�o�w�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �e�x�a�c�t� �r�e�a�s�o�n� �f�o�r� �t�h�i�s� �l�a�c�k� �o�f� �d�i�f�f�e�r�e�n�c�e� 

�f�o�r� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�s�e�t� �i�s� �n�o�t� �k�n�o�w�n�,� �b�u�t� �m�a�y� 

�i�n�f�e�r� �t�h�a�t� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �i�s� �a� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e� �t�h�a�t� �i�s� �t�h�e� �m�o�s�t� �s�i�m�i�l�a�r� �t�o� �t�h�e� �o�t�h�e�r� 

�s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �e�a�s�e� �a�n�d� 

�s�t�r�u�c�t�u�r�a�l� �d�i�m�e�n�s�i�o�n�s�.� 

�B�a�s�e�d� �o�n� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �f�r�a�m�e�w�o�r�k� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �w�a�i�s�t� �s�l�i�p�p�a�g�e� �s�h�o�u�l�d� �o�c�c�u�r� �w�i�t�h� 

�t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �s�i�n�c�e� �i�t� �h�a�d� �t�h�e� �s�h�o�r�t�e�s�t� �s�i�d�e� �s�e�a�m� 

�l�e�n�g�t�h�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �s�h�o�u�l�d� �h�a�v�e� �t�h�e� �l�e�a�s�t� 

�s�l�i�p�p�a�g�e� �s�i�n�c�e� �i�t� �h�a�d� �t�h�e� �l�o�n�g�e�s�t� �s�i�d�e� �s�e�a�m� �l�e�n�g�t�h�.� �I�n� �t�h�e� 

�T�u�k�e�y� �p�a�i�r�w�i�s�e� �t�e�s�t�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �s�e�t�-�i�n



�1�3�0� 

�s�l�e�e�v�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �s�l�i�p�p�a�g�e�,� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �a�l�s�o� �h�a�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�a�i�s�t� �t�h�a�n� �t�h�e� �k�i�m�o�n�o� 

�s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t�.� �F�r�o�m� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �a�m�o�u�n�t� �o�f� 

�s�l�i�p�p�a�g�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�,� �i�t� �i�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� 

�w�r�i�s�t� �a�n�d� �w�a�i�s�t� �a�r�e� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �l�e�n�g�t�h� �o�f� 

�a� �s�p�e�c�i�f�i�c� �s�e�a�m�.� �T�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �c�o�m�p�e�n�s�a�t�e�d� �f�o�r� �i�t�s� 

�s�h�o�r�t� �t�o�t�a�l� �l�e�n�g�t�h� �b�y� �s�l�i�p�p�i�n�g� �p�r�i�m�a�r�i�l�y� �a�t� �t�h�e� �w�r�i�s�t�.� �T�h�e� 

�l�a�c�k� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� 

�e�x�h�i�b�i�t�e�d� �b�y� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �i�s� �n�o�t� �f�u�l�l�y� 

�u�n�d�e�r�s�t�o�o�d� �c�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� �t�h�e� �t�o�t�a�l� �u�n�d�e�r�a�r�m� �l�e�n�g�t�h� �w�a�s� 

�-�4�4� �i�n�c�h�e�s� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� �r�a�g�l�a�n� �s�l�e�e�v�e� �a�n�d� �2�.�1�3� �i�n�c�h�e�s� 

�l�o�n�g�e�r� �t�h�a�n� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e�.� �T�h�e� �a�m�o�u�n�t� �o�f� �g�a�r�m�e�n�t� 

�s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t� �o�r� �w�a�i�s�t� �w�a�s� �n�o�t� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e�s�e� 

�m�e�a�s�u�r�e�d� �d�i�f�f�e�r�e�n�c�e�s�,� �o�t�h�e�r�w�i�s�e� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �w�o�u�l�d� 

�h�a�v�e� �b�e�e�n� �e�q�u�a�l�l�y� �s�p�a�c�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�s�.� 

�A�d�d�i�t�i�o�n�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �d�o�n�e� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� 

�m�o�v�e�m�e�n�t� �o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �p�o�s�i�t�i�o�n� �a�n�d� �t�h�e� 

�c�e�n�t�e�r� �b�a�c�k� �a�n�g�l�e� �v�a�r�i�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�o�r� �s�e�l�e�c�t�e�d� �a�r�m� 

�p�o�s�i�t�i�o�n�s�.� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� �f�o�r� �t�h�e� 

�d�i�f�f�e�r�e�n�t� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �s�l�e�e�v�e� �a�n�d� �s�h�o�u�l�d�e�r� �p�o�s�i�t�i�o�n� �a�t� �t�h�e� �.�0�5� �l�e�v�e�l� �o�f� 

�s�i�g�n�i�f�i�c�a�n�c�e� �f�o�r� �t�h�e� �c�e�n�t�e�r� �b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�n�d



�1�3�1� 

�a�n�g�l�e�.� �T�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�a�l� 

�d�i�f�f�e�r�e�n�c�e�s�,� �s�p�e�c�i�f�i�c�a�l�l�y� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� 

�g�r�a�i�n� �o�f� �t�h�e� �f�a�b�r�i�c� �a�c�r�o�s�s� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �a�n�d� �t�h�e� �a�m�o�u�n�t� 

�o�f� �e�a�s�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �s�t�y�l�e� �o�f� �t�h�e� �s�l�e�e�v�e�/�b�o�d�i�c�e� 

�s�t�r�u�c�t�u�r�e�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �g�a�r�m�e�n�t� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� 

�a�n�g�l�e� �w�e�r�e� �s�i�m�i�l�a�r�.� �F�r�o�m� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �p�l�o�t�t�e�d� 

�i�n� �F�i�g�u�r�e�s� �1�5� �a�n�d� �1�7�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� 

�c�o�n�s�i�s�t�e�n�t�l�y� �h�a�d� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �s�l�i�p�p�a�g�e� �a�t� �c�e�n�t�e�r� �b�a�c�k� 

�f�o�l�l�o�w�e�d� �b�y� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e� �w�i�t�h� �g�u�s�s�e�t� �a�n�d� �t�h�e�n� �t�h�e� �s�e�t�-� 

�i�n� �s�l�e�e�v�e�.� �T�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �h�a�d� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �e�a�s�e� 

�i�n� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a� �w�h�i�c�h� �m�a�y� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �w�h�e�n� �c�o�m�p�a�r�e�d� 

�t�o� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�,� �w�h�i�c�h� �h�a�d� �t�h�e� �g�r�e�a�t�e�s�t� �e�a�s�e�.� �T�h�e� 

�r�a�g�l�a�n� �s�l�e�e�v�e� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �s�e�t�-�i�n� �s�l�e�e�v�e� �i�n� �t�h�e� �a�m�o�u�n�t� 

�o�f� �e�a�s�e� �i�n� �t�h�e� �b�o�d�i�c�e� �a�r�e�a� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�e�,� �a�n�d� �t�h�e�r�e�f�o�r�e� 

�w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �k�i�m�o�n�o� �s�l�e�e�v�e�.� �T�h�e� 

�g�r�a�i�n� �o�r� �c�u�t� �o�f� �t�h�e� �r�a�g�l�a�n�'�s� �s�l�e�e�v�e� �m�a�y� �h�a�v�e� �m�a�d�e� �i�t� �d�i�f�f�e�r� 

�l�e�s�s� �f�r�o�m� �t�h�e� �o�t�h�e�r� �s�l�e�e�v�e�/�b�o�d�i�c�e� �s�t�r�u�c�t�u�r�e�s�.� �A�d�d�i�t�i�o�n�a�l� 

�s�t�u�d�y� �i�s� �n�e�e�d�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�a�t� �s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� 

�w�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �c�h�a�n�g�e� 

�o�f� �t�h�e� �c�e�n�t�e�r� �b�a�c�k� �l�o�c�a�t�i�o�n� �a�n�d� �a�n�g�l�e�.� 

�W�h�e�n� �c�o�m�p�a�r�i�n�g� �t�h�e� �s�l�i�p�p�a�g�e� �a�t� �t�h�e� �w�r�i�s�t�,� �w�a�i�s�t�,� �c�e�n�t�e�r� 

�b�a�c�k�/�w�a�i�s�t�l�i�n�e� �p�o�s�i�t�i�o�n� �a�n�d� �t�h�e� �c�e�n�t�e�r�/�b�a�c�k� �a�n�g�l�e� �a�s� �a� 

�w�h�o�l�e�,� �t�h�e�r�e� �w�e�r�e� �g�e�n�e�r�a�l� �t�r�e�n�d�s� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �d�a�t�a�.


