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CHAPTER 1 

INTRODUCTION TO RESEARCH 

1.1 Historv and Background 

For the 1997/98 marketing year, the cotton production in the United 

States was 18,793,000 bales, with 7,500,000 bales being for export (ICAC, 

1999 a). The annual economic value for this fiber was in excess of $5 billion 

(U.S.). The annual world cotton fiber value has been estimated to be in 

excess of $20.5 billion (U.S.), (National Cotton Council, 1997). This does not 

include the economic impact for related industries. Summaries of world 

cotton imports and exports are outlined in Tables A.l, A.2, A.3, and A.4, 

(ICAC, 1999 a,b,c). 

Cotton containing dead and/or immature fiber is a major concern for 

textile dyers of high quality goods (Han et al., 1998a). It has been estimated 

that in recent years the U.S. textile industry has lost approximately $200 

million annually due to dye defects (Goynes et al., 1996). 

Dead and/or immature fibers tend to have a much lighter appearance, in 

darker dye shades, than the body of fibers surrounding them due to their low 

cellulose content, high reflectivity, and low affinity for dye (Ingber et al., 

1997). These small, localized clusters of undyed fibers are commonly known 

as "white specks" or "shinny neps." For this research they will be referred to 

as "white specks" only. According to the American Society for Testing and 



Materials, a nep is "a tightly tangled knot-like mass of unorganized fibers" 

(ASTM D-123-96, 1999, p. 43). In most cases, fiber neps are made up of at 

least five or more fibers with the average number being 16 or more. 

Immature or dead fibers are finer in structure, due their lack of secondary 

wall development. Finer fibers have a higher tendency to form neps than do 

coarser fibers (Hebert et al., 1988). This propensity to form neps, in 

combination with their low affinity for dye, gives the white speck its 

characteristic white shinny appearance on the surface of cloth. 

Herbert and his associates continue, "Ninety-six percent of the fiber neps 

studied contained immature fibers, yet only 50% of all neps contained 100% 

immature fiber" (Hebert et al., 1988, p. 380). Their research demonstrates 

that not all neps are white specks but all white specks are most likely neps. 

Neps can further be divided into sub-classifications of biological and 

mechanical. Biological neps occur when elevated amounts of immature or 

dead fibers are present and mechanical neps are mainly attributed to 

problems in the actual fiber processing (Hebert et al., 1988). Herbert's 

research also demonstrates the problem textile cleaning and processing 

equipment has with white speck removal. In the textile cleaning process, 

through carding, Herbert found that neps were distributed 35% biological, 

64% mechanical and approximately 1% other. When fabric was made from 

this cotton the distribution shifted to 30% biological, 24% mechanical, and 



46% other (Hebert et al., 1988). The "other" in this case was designated as 

"flattened pancake type." The change in distributions can most likely be 

attributed to two causes: Neps were not classified correctly at the carding 

process or processing redistributes the problematic neps. 

In dark shades of dyeing, the presence of white specks in moderate 

quantities almost certainly will produce off-quality finished goods. With few 

exceptions, current commercial fiber testing HVI (High Volume 

Instrumentation) does not appear to offer an indication of white speck 

content (Hughs et al., 1988; Gk)yTies et al., 1996). It is estimated that even in 

fabric with severe white speck contamination the percentage of white speck 

fibers (by weight) is most likely less than 0.10% of the total fibers (Watson. 

1989). These amounts would be too small to have significant effects on the 

average fiber properties as measured by current commercial test methods. 

This inability to detect immature or dead fibers in small quantities limits the 

usefulness of such testing to textile manufacturing as a tool for the prediction 

of immature or dead fiber in raw fiber samples. A more in-depth description 

of the HVI measurement process is included in Figure B.l . 

Recent efforts have centered around addressing the white speck problem 

after the fact, by the use of different treatments and finishing techniques on 

cloth and/or garments. Additional processing steps only add to the cost of the 

product and therefore are not the preferred path for manufacturers. In most 



cases, by the time goods are finished it is likely too late or too costly to 

address the white speck problem. The problem has grown to the point cotton 

buyers for textile mills will avoid purchasing cotton from certain regions if 

their product lines are sensitive to white specks. In their view, the risk 

outweighs the benefit. This can put undue economic hardship on producers 

located in that region by limiting the use of their fiber to low-end commodity-

type products. 

Experts believe that almost all cotton plants contain a certain amount of 

immature or dead fibers (Han et al., 1998a). Mechanical cleaning of fiber, at 

the gin, and textile mill does not remove all the dead/immature fibers. The 

cleaning and processing will actually break up and spread the problematic 

fiber bundles throughout the cotton mix (Bel-Berger et al., 1996). Since the 

detection of dead/immature fibers in raw cotton is so difficult, most research 

is currently revolving around the use of image analysis techniques on dyed 

cloth. The image analysis system was designed to automatically detect and 

count white speck defects in dyed knit and woven goods (Han et al., 1998a). 

The importance of developing an accurate and repeatable reference test 

method for detecting white specks is paramount in developing a preventive 

action plan and improving cotton's position as a quality raw material. Many 

factors are thought to contribute to the occurrence of white specks in cotton. 

Factors such as variety (genetics), environmental conditions during the 



growing season, and entomological pressures are considered to be the main 

factors (Bradow et al., 1996). 

Since the late 1930s, white specks have been counted manually using a 

black light or black background (Han et al., 1998b). In most visual 

inspections techniques there can be operator error or bias. Current 

techniques for counting white specks usually involve the operator making a 

visual count of neps per unit of area. In the early 1940s the Saco-Lowell 

Corporation developed a procedure for counting neps using a template with 

20 one-inch diameter openings that allowed the operator to quantify their 

nep count per 20 square inches (Saco-Lowell, 1942). The process was easily 

influenced by the operator and could not differentiate between mechanical 

and biological neps (Grover and Hamby, 1963). 

Almost all of the fiber measurement developments since the 1940s have 

concentrated on faster measurement of basic fiber properties. The new 

systems have proven to be important in the marketing and general quality 

assessment of the cotton crop as a whole. Current commercial measurements 

are not detailed enough to address the white speck problem. Detection of 

white specks will require an accurate and repeatable measurement system. 

Any such system will have to be designed with the overall small quantity of 

dead/immature fibers taken into consideration. Without an accurate 

measurement system, it will be impossible to further research to determine 



which factors are the most significant in the prevention and prediction of 

white specks content. 

1.2 Problem Statement 

An accepted reference test for accurately quantifying white speck count 

per unit of dyed y a m length or per unit of area of cloth does not exist. 

1.3 Research Question 

What is the relationship between white speck occurrence per unit length 

of dyed yarn and white speck levels in cloth per unit of area? How can this 

relationship be used to formulate a predictive model that utilizes yarn white 

speck counts to predict the appearance of white specks in cloth? 

1.3.1 First Sub-Problem 

How can a manual visual measurement methodology be developed that 

facilitates the accurate detection and quantification of white specks in dyed 

yarn and knit cloth? Which methodology, dyed yarn or dyed knits, will be 

more useful in the development of predictive models? 

1.3.2 Second Sub-Problem 

What is the optimal yarn length required for an accurate and repeatable 

visual detection of the white speck counts per unit of yarn length that is 

representative of the samples? 



1.3.3 Third Sub-Problem 

Can operator variability, reading to reading, be reduced by using dyed 

yarn as the test media for the quantification of white specks? 

1.4 General Hypotheses 

There will be a significant difference in operator counting variability 

when comparing dyed yarns and dyed knit cloth as the counting media for 

white specks. 

1.4.1 First Sub-Hvpothesis 

Operator white speck count variability within a sample will be less for 

dyed yarn than it is for dyed knit cloth. 

1.4.2 Second Sub-Hvpothesis 

There will be a relationship between white speck levels per unit of yarn 

length and the appearance of white specks in dyed knit cloth. 

1.5 Research Purpose 

The purpose of this research was to establish methodology for the 

manual visual detection of white specks in dyed cotton yarn and knit cloth. 

This information can be used for establishing a reference test for research as 

well as to formulate predictive models for industry. 



1.6 Research Obiectives 

The objective of this research was to establish a standard for accurately 

measuring white specks in dyed cotton yarn by the use of manual visual 

inspection methodology. The data gathered, by visual inspection of the dyed 

cotton yam, was used to develop a prediction model for cloth comprised of 

that yarn. 

1.7 Delimitations 

This research was limited to the visual detection and quantification of 

white specks in 30/1 Ne ring spun dyed cotton yam and the relationship 

between white specks in 30/1 Ne ring spun dyed cotton y a m and their 

appearance in cloth form. This research did not address measured fiber 

properties, yarn or fabric construction parameters. It also did not explore the 

influence of yarn count on white speck content. The machinery involved, as 

well as any specific manufacturing techniques were not addressed by this 

research. Internal and external influences such as differences in cotton 

varieties, climatic influences, crop management issues, harvesting 

techniques, and ginning practices were not addressed. 

This research did not address learning curves of the operators and 

assumes that all operators were equally motivated to perform to the best of 

their capabilities. 

8 



1.8 Relevance of this Study 

White specks are a problem for producers of quality cotton yarn. The 

methods currently used do not offer a simple, repeatable test for use by 

researchers and textile manufacturers. The existence of an accurate and 

repeatable technique will allow meaningful exploration into the factors that 

contribute to the white speck phenomenon. Manual visual inspection 

methodology can be used by researchers to explore new ginning and textile 

processing techniques. The techniques can be designed to minimize the white 

speck effect on a finished product. 

1.8.1 Need for this Research 

Accurate and repeatable detection methodologies will be necessary 

before work can proceed in identifying the causation and ultimately the 

prevention of the white speck phenomenon. The manual visual inspection 

research methodology developed will give researchers an accurate and 

repeatable reference test to use in their work. It can also be used to establish 

threshold limits or baselines that can be utilized by the textile industry for 

predictive purposes. 

1.8.2 Benefits of this Research 

This research should provide a reference test method that can be used in 

identification of factors that contribute to the occurrence of white specks in 

9 



cotton. Once the contributing factors have been identified, researchers can 

use this information to develop prescriptive solutions to the white speck 

problem. The system can also be used by the textile industry as a screening 

test for yarn production and/or shipments that are designated for product 

lines sensitive to the presence of white specks. 

1.9 Research Outputs and Outcomes 

This research will provide a foundation for an accurate and repeatable 

methodology for the detection and quantification of white specks in dyed 

cotton yarn and dyed knit cloth. This will be accomplished through a manual 

visual quantification system designed around the inspection of known 

lengths of dyed cotton yarn and known areas of dyed knit cloth. The 

resultant system will allow a quantification of white specks per unit of length 

and per unit of area. This information can be used in the formulation of 

prediction models, which will allow the relationship between a level of white 

specks, per unit of length, and the detrimental appearance of white specks in 

knit cloth to be established. This prediction system will prove useful to the 

textile industry, as well as cotton researchers, involved in detection and 

quantification of white specks. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

2.1 Introduction 

Since the late 1930s, white specks have been counted manually using a 

black light or black background (Han et al., 1998a). In most visual 

inspections techniques there can be operator error or bias. The techniques 

for counting white specks usually involved the operator giving an observed 

count per unit of area (Han et al., 1998a). 

In the early 1940s the Saco-Lowell Corporation developed a procedure 

for counting neps with the use of a template with 20, one-inch diameter 

openings, that allowed the operator to quantify a nep count per 20 square 

inches (Saco-Lowell, 1942). The process was easily influenced by the operator 

and could not differentiate between neps caused by problems in mechanical 

processing (mechanical neps) and those caused by the presence of dead or 

immature fibers (biological neps). 

Other similar methods were used through the 1950s and early 60s 

(Grover and Hamby, 1963). Almost all of the fiber measurement 

developments since the 1940s have been centered on faster measurements of 

basic fiber properties. 

Current fiber property measurement systems are important in the 

marketing and general quality assessment of the cotton crop. However, the 
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measurements are not detailed enough to address the immature/dead fiber 

content. HVI measurement is actually a comparison of a sample to a known 

standard (USDA, 1993). Research into the actual cause of white specks will 

require an accurate and repeatable white speck measurement system. 

Without accurate measurements, it will be impossible to further research 

designed to determine which factors are the most significant in the 

prevention and prediction of white specks. 

2.2 Historical Background 

2.2.1 Manual Visual Inspection 

In the research and technical papers reviewed, manual visual inspection 

for white specks in cloth is considered to be tedious, time consuming, 

inconsistent, and prone to error (Han et al., 1998a). There is not an accepted 

ASTM standard for manual visual inspection for white specks. The standard 

for visually inspecting and grading cloth, ASTM D 5430 - 9 3 , does not address 

the issue of white speck contamination. In the literature, the method of 

determining "random" placement of the viewing template was suspect since a 

sampling plan had apparently not been developed. The procedure for 

calculating the statistical probability of observ^ing a white speck in the 

sample size selected was not revealed. The process examined 20 different one 

square inch locations (the template had a 4 inch by V4 inch viewing slit). The 
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counts were summed together to give a white speck count per 20 square 

inches. It appears that the observation area was based on the earlier work 

by Saco-Lowell (1942). The test lot being examined consisted of one linear 

yard of knitted fabric. Without knowing the diameter of the knitting 

machine, it is impossible to estimate the square yards involved. If, for 

estimation purposes, one linear yard consisted of only 1 square yard then the 

sampling would have been 20 square inches sampled out of 1296 possible 

square inches. The significance of 20 square inches as the sampling area was 

not noted. Without understanding or knowing the probability of white speck 

occurrence or the use of a statistically sound sampling plan, it would be 

impossible to predict the repeatability and accuracy of the manual, visual 

inspectors. 

Ergonomic issues such as visual field and visual search were not 

addressed in any of the literature referencing manual visual inspection. "Our 

ability to detect a static object is in part a function of its position within the 

visual field" (Wilson and Corlett, 1995, p. 812). Wilson goes on to explain 

that the accuracy of detection decreases as the object in question moves away 

from the centerline of vision and changes size (Wilson and Corlett, 1995). 
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The color of the object and viewing background, along with illumination, 

also influence the detection accuracy of humans (Boynton, 2000a). Any 

manual visual inspection system will have to address these issues, as well as 

many others, before it can be considered viable. 

2.2.2 Image Analysis Inspection 

The use of image analysis as a tool in white speck research started in 

the mid-1990s in a laboratory environment. It was thought that more 

meaningful research could be obtained by replacing the highly subjective 

manual method with a more accurate and repeatable image analysis method. 

The original image analysis trials analyzed the number and area of the white 

specks observed on dyed fabric. The area of the white specks was calculated 

by using the pixel density observed by Optimas^^ software (Han et al., 

1998b). The pixel area was then used to calculate the total area occupied by 

the white specks in respect to the total sample area. 

The initial image analysis method had several areas of concern that 

prevented it from being a robust measurement system. This system was not 

calibrated, in length or area, to measure the absolute area of the white 

specks. When a dye shade differential from sample to sample occurred the 

threshold value of the system had to be manually adjusted on each image. 

During these manual threshold changes, the operator compares the sample's 

video image side by side with the software-generated reverse or negative 
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image. If the operator felt that the negative image was not showing the 

white speck count they were seeing on the video screen, the intensity was 

adjusted until the two images matched. This process of changing the 

threshold value introduced operator error and bias into the test. 

The latest version incorporates auto-calibration and threshold features 

along with a higher resolution camera. The system still has issues with 

threshold determination sample to sample. As in the earlier work, there are 

provisions for the operators to manually override the automatic threshold 

feature if deemed necessary for the image to match what they are seeing (Von 

Hoven et al., 2000). 

The calibration procedures are also quite interesting. The manual visual 

system did not include a set of "standards." Also, the manual testing system 

involved the "random" placement of the template. Without establishing 

operator variability reading to reading, it cannot be known whether or not 

enough viewing samples were taken to insure accuracy and repeatability. 

The image analysis systems were calibrated using five random locations 

on the sample. The numerical counts of these five locations were averaged 

together to give an average value for the sample. Once again, no details are 

given on how the number sampling locations were derived. 

Once calibration and threshold were established the actual testing was 

performed down the central line of the fabric. The probability of the manual 
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inspectors observing the exact location on each replication is unlikely. By 

using a central line on the cloth sample for the image analysis, the 

repeatability should be better from replication to replication. This could 

explain the low repeatability for the manual visual inspections, as compared 

to the better repeatability of this image analysis system. 

The higher resolution video system has subjected the process to imaging 

"noise" problems. The system has a tendency to over-estimate the actual 

white speck count as compared to the count derived by the manual inspectors 

(Han et al., 1998b). 

Both systems were influenced by light intensity and fabric color. Both of 

these variables make it difficult to obtain accurate and repeatable 

measurements on multiple samplings or replications (Han et al., 1998b). 

It was also stated by Han "each operator may have a preconceived idea 

about the number of white specks within a lot of cloth" (Han et al., 1998a, p. 

97). This could be due to small sample lot sizes with multiple replications, or 

could be attributed to some type of Pygmalion Effect in their sampling plan. 

It could also been the way samples were presented to the technicians. 

Matthew and Beruvides state, "It is believed that the accuracy of 

measurements can be influenced with a prompt from an outside source, 

namely, an expectation about system measurements set by the supervisor" 

(1998, p. 969). 
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This leads up to the question of what should come first, an image 

analysis system or an accurate manual visual system? It would appear that 

an accurate manual visual system would have to be in place before the true 

potential of any image analysis measurement system could be truly 

evaluated. 

2.2.3 Summary 

"Inspection always involves evaluating the quality of some characteristic 

in relation to a standard" (Juran, 1974, pp. 12-2). Even though the image 

analysis systems described in the literature were not intended as an 

inspection process, they could benefit from the procedures developed and 

guidelines developed for such processes. This would include the use of sound 

Statistical Quality Control methodology. 

The accuracy of the image analysis systems discussed in the literature 

was based on information gathered by using manual visual inspections. In 

the authors' own words "manual visual inspection is considered to be tedious, 

time consuming, inconsistent, and prone to error" (Han et al., 1998a, p. 91). 

An acceptable procedure for the manual visual inspection for white specks 

does not currently exist. 

It is interesting to note that in the latest published paper, accuracy and 

repeatability levels are based on how well the image analysis results match 

the manual visual inspection results. It is also noteworthy that the new 
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image analysis system established a threshold on each sample before testing 

and not from a set standard (Von Hoven et al., 2000). 

The brief descriptions given in the literature suggest that little 

consideration was given to ergonomics and visual acuity aspects of manual 

inspect. From the literature, it appears that the authors discounted the 

usefulness of any manual system as a viable methodology but used it as the 

baseline of their image analysis work. 

Work on an accurate and repeatable manual visual inspection 

procedure, for the establishment of standards, should be implemented before 

work continues on the image analysis techniques. Without an accurate 

initial baseline to work with, it will be a difficult task to make the image 

analysis systems work with the accuracy required. 

Statistical work must be included to address the issues of sampling 

plans. It appears that the basic assumption that white specks are normally 

distributed could be incorrect. It appears that white speck will most likely 

follow a Poisson-type distribution. There were also issues with the 

techniques chosen to establish correlation and/or relationships in the data 

that need to be refined, if normality is not established. 

2.3 Theoretical Model 

A predictive model can be established using white specks per unit length 

of dyed yarn to project white speck per unit of area of cloth made from that 
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yarn. The predictive formula will resemble the following: 

T = ( > i * a ) * P (2.1) 

where: 

T = Total White Speck per Unit of Area, 

X = White Specks per Unit of Length, 

a = Yarn Count Conversion Factor, 

P = Fabric Construction Conversion Factor. 

An example of how the relationship between white specks per unit of 

length and their appearance in the cloth might look can be seen in Figure 2.1. 

This chart was constructed using data gathered in the pilot study found in 

Appendix C (Simonton et al., 2001). In this example, the measured 

relationship between white specks per 56.2 linear yards of yarn (yards per 

single yarn board) and white specks per 144 square inches of cloth (total area 

observed in one knit sample) is compared. Based on this pilot study it 

appears that it will be possible to construct a predictive model for estimation 

of white speck content per unit of knit fabric area based on white speck 

content per unit length of dyed cotton yarn. 
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Figure 2.1 White Speck Yarn and Knit Comparison (Simonton et al., 2001). 

Van der Sluijs and Hunters ' (1999) work demonstrates that a 

relationship exists between yarn count and the probability of neps appearing 

on the surface of a yarn. It is also known that different fabric constructions 

tend to hide neps better than others (Van der Sluijs and Hunter, 1999). For 

these two reasons yarn count and fabric construction have to be accounted for 

in a predictive model based on dyed yarn. 
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CHAPTER 3 

RESEARCH METODOLOGY 

3.1 Introduction 

According to the American Society for Testing and Materials, the 

general definition of a fiber nep is "a tightly tangled knot-like mass of 

unorganized fibers" (ASTM D-123-96 1999, p.43). In most cases, fiber neps 

are made up of at least five or more fibers with the average number being 

sixteen or more (Hebert et al., 1988). Immature or dead fibers are finer in 

structure, due to their lack of secondary wall development and have a higher 

propensity to form neps than do more mature fibers (Hebert et al., 1988). In 

an un-dyed state, entangled fiber clusters could be generically classified as 

neps. It is only after the application of dye, when some of the neps remain 

un-dyed, that the more specific operational definition of "white speck" is used. 

The propensity to form neps, in combination with the lack of dye retention 

and high reflectivity, gives the white speck its characteristic light shinny 

appearance on the surface of dyed cloth or yam. 

In most cases, current commercial fiber testing cannot predict the 

immature or dead fibers content of a raw fiber sample. Only in extreme cases 

will fiber properties measured by commercial HVI (High Volume Instrument) 

be an indicator of immature or dead fiber content in a bale of cotton 

(Zellweger Uster, 1999). Current commercial fiber testing, based on average 
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fiber properties, was not designed to measure or detect the presence of dead 

or immature fibers in the small quantities that have been determined to be 

detrimental to dyed finished goods quality. Appendix B gives a brief 

explanation of the capabilities of current HVI. It has been estimated that 

even in fabric with severe white speck contamination the percentage of white 

speck fibers (by weight) is most likely less than 0.10% of the total fibers 

(Watson, 1989). These amounts would be too small to have significant effects 

on the average fiber properties as measured by current commercial HVI but 

are significant enough to severely devaluate the end product. 

The success of any textile operation, as in any business, depends on 

management's ability to predict the quality level of their finished product 

based on the quality level of the components used in that product. Since 

current commercial fiber measurement is not a reliable indicator of white 

speck content, methodology utilizing dyed yam can offer the predictive tool 

required for a proactive response to white speck contamination by spinners, 

dyers, and knitters. Such a tool will allow the pre-screening of yam before 

fabric formation and dyeing. 

3.2 Research Design 

The objectives of this research were met by completing the following 

methodology. First, y a m samples of different estimated white speck levels 

were gathered for testing and dyeing. Second, methodology for manual 
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visual detection and quantification of white specks in dyed knit cloth were 

established. Third, methodology for manual visual detection and 

quantification of white specks in dyed cotton yam were established. Fourth, 

the relationship was established between the white speck count per unit 

length of dyed y a m and the white speck count per unit area of dyed cloth. 

Fifth, operator reading-to-reading variability was compared between dyed 

y a m and dye knits. Sixth, operator-to-operator variability was examined 

using dyed y a m and dyed knits as the counting medias. Finally, this 

experimental analysis, described above, addressed the research problems and 

questions presented in Sections 1.2 and 1.3, respectively. 

3.2.1 Yarn Selected for Study 

Yarn selected for this study was taken from an inventory of 

commercially spun 30/1 Ne 100% cotton ring spun yarn located at Texas Tech 

University's International Textile Center. The 30/1 yarn count was selected 

based on Van der Sluijs and Hunter's (1999) work on the relationship 

between y a m count and the appearance of neps. Van der Slujis and Hunter 

found that neps appear more frequently on the surface of finer yarn counts, 

in comparison with coarser yarn counts (Van der Sluijs and Hunter, 1999). 

Five distinct levels were selected based on white speck levels derived from 

the International Textile Center's (ITC) screening test for dyed knit cloth, 

ITC Test 402.01. 
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The ITC's current screening test involves using a 3" by 10" template that 

has cut from it, ten randomly placed squares of one square inch each. The 

template is randomly placed on the outside surface of knit cloth dyed with 

Direct Blue 80 dye. Direct Blue 80 dye was selected by the ITC based on past 

experience and the work of Smith (Smith, 1991). Smith categorized dyes by 

their ability to cover dead or immature fibers. Direct Blue 80 dye was found 

to be sensitive to dead or immature fiber (white specks) (Smith, 1991). The 

white specks appearing in each open square of the template are counted. 

Multiple replications are achieved by randomly moving the template to 

different locations on the cloth. Replications are summed to give an average 

white speck count per 10 square inches. 

3.2.2 Standard Lighting Source for Study 

A Leslie Hubble Ltd. VeriVide Model CAC 60-5 light cabinet was 

utilized as a standard lighting source. A picture of the VeriVide CAC 60-5 

light cabinet used is contained in Figure 3.1. 
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Figure 3.1 Leslie Hubble Ltd. VeriVide Model CAC 60-5 Light Cabinet. 

The VeriVide replaced the Macbeth Lablite, used in the pilot study, due 

to a parts availability issue. The VeriVide, just as the Lablite, was equipped 

with both Artificial Daylight (D75) and Cool White (CW) light sources. It was 

found during the pilot study that the operator's ability to detect white specks 

was improved if both D75 and CW light sources were simultaneously utilized 

(Simonton et al., 2001). Based on this experience, both light sources were 

utilized for this project. Figure 3.2 shows the Macbeth Lablite in knit test 

configuration used for the Pilot Study (Simonton et al., 2001). 

For this study, the lower work surface of the VeriVide light cabinet was 

equipped with an adjustable viewing platform. The viewing platform helped 

to insure accurate repetitive sample placement for viewing. A picture of the 

adjustable viewing platform is contained in Figure 3.3. 
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Figure 3.3 VeriVide Adjustable Viewing Platform. 
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Angle from the light source to sample was set for each operator, by 

adjusting the viewing platform, so the operator achieved the best visual 

differentiation between the white specks and the adjacent yarn or knit 

(Boynton, 2000a). 

3.2.3 Operators for Study 

A total of three operators performed three separate readings each on 

both y a m and knit samples. Operators were selected from the technicians 

working at the International Textile Center. Technician experience ranges 

from a minimum of 1 year to a maximum of 35 years. All operators were 

experienced in following written instructions such as ASTM test methods and 

research protocols. 

The ITC's Chemical Processing Laboratory manager performed all yam 

and knit cloth dyeing for this project. This manager has over 30 years of 

experience in this field and has co-authored numerous papers on dyeing and 

finishing of textiles. 

3.2.3.1 Operator Screening and Training 

Each potential operator selected was screened to verify his or her ability 

to perform the work required. Initially the prospective operator/candidates 

were shown yarn samples taken from the Pilot Study, with known levels of 

white speck contamination (Simonton et al., 2001). The researcher 
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operationally defined what was to be counted as a white speck. This initial 

screening process was used to eliminate any candidate that did not exhibit 

the ability to perform this task. After the initial screening process, the 

remaining candidates were trained using operator scripts contained in 

Appendix D, sections D 2.2 and D 2.3.2. A set of 15 yarn board samples were 

selected from the Pilot study inventory. Each prospective operator performed 

three readings on the set. The results of these readings were analyzed for 

variability reading-to-reading. The three operators with the lowest overall 

variability were selected for the test. 

Once screened and trained, it was assumed that all operators were 

capable of performing the test and were motivated to do the work to the best 

of their ability. 

3.3 Knit Cloth Production and Preparation 

Each of the fifteen sample yams was used to knit individual single knit 

jersey fabric. A Lawson Hemphill Model F.A.K. (Fiber Analysis Knitter), 

equipped with 20 needles per inch, was utilized to produce single knit jersey 

tubes that weighed approximately 10 grams each. A picture of the FAK 

machine used is contained in Figure 3.4. The actual knitting head can be 

seen in Figure 3.5. 
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Figure 3.4 Lawson Hemphill Model FAK Knitting Machine. 

Figure 3.5 FAK Knitting Head. 
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3.3.1 Knit Tube Identification 

Knit samples were identified with individual sample numbers as per the 

sample numbering scheme outlined in Appendix D, section D 2.1.1, "FAK 

Sample Numbering." 

The knit tubes were sub-labeled with A and B sides. "A" side was 

designated, as the outside front and "B" side was the outside back of the knit 

tube. "C" and "D" sides are obtained by turning the tube inside out. "C" was 

the inside front opposite "A" and "D" was the inside back opposite "B". Side 

designations were for sample orientation only. Each knit tube was also 

marked with a white 4" orientation line located under the sample number on 

the "A" side. Due to the thin nature of the knit goods, the orientation lines 

and side designations were easily been seen from "C" side when the cloth is 

turned inside out. 

3.3.2 Knit Tube Dyeing Procedure 

All knit tubes were dyed in one dye batch using a Gaston County 

Laboratory Dye Beck. Loading the un-dyed knit samples into the dye beck 

started the process. Samples were left attached end to end, as they were 

received from the FAK knitter, so one continuous knit tube could be formed. 

After threading the knit tube over the drive roll of the beck, the beginning 

and end of the tube were sewn together to form the continuous loop. The beck 

was equipped with a drive roll system that circulates the knits loop through 
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the dye bath. A picture of the Laboratory Dye Beck can be seen in Figure 3.6. 

The actual dyeing process was started by "wetting out" the knit tube. 

Wetting out simple prepares the samples to receive dye. This process 

removes dirt and other contaminates along with some of the natural waxes 

found on cotton that inhibit dye adsorption. Wetting out was accomplished 

by filling the dye beck with 45 liters of water along with a wetting agent, 

Tergital NP-9. The wetting agent was added based on the weight of the 

sample being processed. This formula calls for the Tergital NP-9 to be added 

to the water bath at a rate of 1% on the weight of the sample being processed. 

If 100 grams of knits were being processed, then 1 gram of the wetting agent 

would be added. After adding the wetting agent, the knit tube was allowed to 

circulate around the drive roll and through the water bath, at ambient 

temperature, until the sample is entirely wet. 
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Figure 3.6 Gaston County Laboratory Dye Beck. 
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After wetting out was completed, the dyer added dye to the bath. The 

dye was premixed with hot water and introduced to the Beck dye bath in 

concentrated solution form. Solamidine Blue 2RLL (100%) Direct Blue 80, 

from this point on referred to as Direct Blue 80, was utilized for all dyeing in 

this project. After adding Direct Blue 80 dye concentrate, the Beck was 

allowed to run so the entire knit sample was impregnated with dye. At this 

point, the temperature of the dye bath was brought up to 190 ° F. While the 

temperature was being raised. Sodium Sulfate was added to the dye bath at a 

rate of 25% on the weight of the knits being dyed. 

Once all chemicals have been added and target temperature of 190° F. 

has been reached the Beck operated for 45 minutes. After 45 minutes, the 

Beck was stopped, dye bath drained, and refilled with clean water. The Beck 

was restarted so that the knit goods could be rinsed. The rinse process 

continued for 10 minutes. After rinsing, excess moisture was extracted by 

the use of a centrifuge. The extracted samples were tumbled dry using a 

standard home clothes dryer. 

3.3.3 Procedure FAK Knit Sample Preparation 

After dyeing and labeling, all 75 samples were mixed together in a 

single plastic bag. Samples remained in the bag until they were ready for the 

viewing process. 
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The actual template viewing area measured 4 inches wide by 9 inches 

long and was constructed of V4 inch black foam board. The overall length of 

the template was 10 inches with one inch being used as a tapered transition. 

The one-inch tapered transition allowed ease of placement when the template 

was placed inside of the knit tube. An example of a knit sample "loaded" on 

the viewing template can be seen in Figure 3.7. 
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Figure 3.7 Knit Sample Loaded on Template (Pilot Study). 
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The procedure for reading FAK knit tubes is contained in Appendix D 

Section D 2.2 "Operator Script for Reading White Specks on Dyed FAK Knit 

Tubes." The operator counted and recorded the white specks observed on the 

"FAK White Speck Count" form. This form can be seen in Appendix D Section 

D 2.3,"FAK White Speck Count." 

3.4 Yarn Dyeing and Preparation 

A Chavis Model 44 yam winder was used to place all fifteen-yarn 

samples onto stainless steel dye tubes for dyeing. After winding, these 

samples were package dyed, in a single batch, using a Gaston County 

Package Dye Machine model RFC 702. A picture of the dye machine utilized 

is contained in Figure 3.8. 

Dye Kier 

Figure 3.8 Gaston County Package Dye Machine. 
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Yarn packages for dyeing were loaded into the kier of the package dye 

machine by sliding them over the perforated stationary spindles mounted 

vertically in the kier. The perforations in the spindles allowed dye solution to 

be pumped evenly through the packages. Figure 3.9 shows the spindles 

located inside of the dye kier. 

Figure 3.9 Inside View of Dye Kier 

The package dye machine was equipped with a pump and valves that 

allow the direction of fluid flow to be reversed. A timer was set to alternate 

the direction of fluid flow during the dyeing process. This allows for the dye 

mixture to be pumped from the inside out and from the outside in on each 

package. A more consistent dyeing was achieved by setting the timer so that 
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the valves were reversed many times during the dye cycle. 

After loading the package dye machine, it was filled with 120 liters of 

water. The circulation pump was started to begin pumping water through the 

packages. A wetting agent was added based on the weight of the yam being 

processed, in this case 1% on the weight of the yarn. Tergital NP-9 wetting 

agent was added in the mixing tank and allowed to circulate for 1 minute. 

The dye used for the yam, Solamidine Blue 2RLL (100%) Direct Blue 80, 

was premixed with hot water and added to the mixing tank. The dye 

concentration was based on the weight of the yarn, for this project 1% of 

weight of the yarn of Direct Blue 80 was used. This mixture was circulated 

through the yarn for 7 minutes at ambient temperature. During this 

circulation time Sodium Sulfate was added at a concentration based on 10% 

of the weight of the yarn. 

After all chemicals have been added, the dye bath temperature was 

raised to 190 degrees F. Once the correct temperature was obtained the dye 

cycle was set for 30 minutes with the valve reversal timer set for 3.5 minutes. 

After the 30-minute dye cycle the dye bath was discarded and the machine 

filled will clean water. The kier drain valve and water fill valve were opened 

simultaneously so the machine had a constant supply of clean water. The 

machine was set to pump clean water inside out. This continued until the 

rinse water in the mixing tank was clear of any dye. 
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After rinsing, the packages were removed and place in a Morton 

Machine Works Model M078-174 dye package dryer designed to force hot air 

through the package. Drying continued until the packages were dry to the 

touch. 

3.4.1 Procedure for Yarn Board Fabrication and Setup 

After the dyeing process, an Alfred Sutter Yarn Board Winder Model 

ASYW was utilized to wind dyed yarn samples onto 7" wide by 11" long by 

1/8" thick black rigid cardboard yarn boards. The Alfred Sutter Yam Board 

Winder was electronically set to place 16, equally spaced wraps per inch on 

each board for a horizontal distance of 5.75 inches. With this setup, each 

board had 28.11 linear yards of yarn per board viewing side, for a total of 

56.22 linear viewing yards per yarn board. Five replications of each dyed 

yarn sample were produced. A picture of the yarn board winder is contained 

in Figure 3.10. The pink yarn utilized was for photographic contrast only. 

Each replication was numbered in accordance with Appendix D, section 

3.3, "Sample Number for Package Dyeing." An example of a yarn board 

wrapped with dyed yarn, labeled, and ready for reading is contained in 

Figure 3.11. 
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Figure 3.10 Alfi-ed Sutter Yam Board Winder 

Replication numbers were recorded on ¥i inch by 1% inch white adhesive 

backed labels attached to the top left side of each board. Five replications of 

each dyed y a m sample were made. This gave a total of 75 y a m boards, each 

having ''A" and "B" sides. The "A" and "B" designations were arbitrary 

designations for the purpose of preventing the operator from reading the 

same side twice. Five replications gave a total of 281.1 linear yards of yarn 

on the face of the boards per sample yam. Using basic textile mathematics, 

281.1 yards of 30/1 Ne cotton y a m weighed 5.07 grams (Quigley et al., 1977). 
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Figure 3.11 Labeled and Loaded Yam Board 'Pilot Study). 

Immediately after winding and labeling each board was placed in an 8V̂  

by 11 inch plastic sheet protector. All 75 boards were made available to the 

operator in one container. The boards were pre-mixed. by the researcher, to 

randomize their order in the box before each reading. Operators utilized the 

counting procedure contained in Appendix D Section D 2.3.2 "Operator Script 

for Reading \\Tiite Specks on Dyed Yam." 
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3.5 Research Focus 

The purpose of this work was to investigate the feasibility of using dyed 

cotton y a m as the test media for the quantification of white specks. First, 

operator-counting variability between dyed yarns and dyed knit cloth from 

the same yarn were compared. Second, counting variability within each 

sample, for white speck counts, in y a m and knits were compared. Third, the 

existence of direct relationships between yam white speck counts and knit 

white speck counts was investigated. 

3.6 Test Hypothesis 

Test hypotheses were based on the following: 

Main Hypothesis - There would be no difference in operator counting 

variability when comparing dyed yams and dyed knit cloth as the counting 

media for white specks 

Sub-Hypothesis 1 - Operator white speck count variability within a 

sample would be the same for dyed y a m than it is for dyed knit cloth. 

Null Sub-Hypothesis 1 (Ho): There would not be a significant difference 

in operator counting variability within a sample when using dyed yam in 

place of dyed knit cloth for counting white specks. 

Alternate Sub-Hypothesis 1 (Hi): Using dyed yarn as the counting 

media for white specks significantly reduced within sample operator white 

speck counting variability. 
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The null hypothesis for operator within sample variability states that 

there would not be a significant difference in operator within sample 

counting variability when using dyed yarn in place of dyed knit cloth as the 

counting medias for white specks. 

The alternate hypothesis states that operator counting variability would 

be significantly reduced when using dyed yarn as the counting media in place 

of dyed knit cloth. 

Sub-Hypothesis 2 - Operator to operator counting variability would be 

the same when using dyed yarn as the counting media than when using dyed 

knit cloth. 

Null Sub-Hypothesis 2 (Ho): There would not be an improvement in 

operator to operator counting variability when using dyed yarn as the 

counting media. 

Alternate Sub-Hypothesis 2 (Hi): Using dyed yarn as the counting 

media for white specks would significantly reduce operator-to-operator white 

speck counting variability. 

The null hypothesis for operator to operator variability states that there 

would not be a be an improvement in operator to operator counting 

variability when using dyed yarn as the counting media in place of dyed knit 

cloth. 
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The alternate hypothesis states that operator to operator counting 

variability would be significantly improved by using dyed cotton yarn in place 

of dyed knit cloth as the counting media for white specks. 

Sub-Hypothesis 3 - There would be a relationship between white speck 

levels per unit of y a m length and the appearance of white specks in knit 

cloth made from that yarn. 

Null Sub-Hypothesis 3 (Ho): There would be no relationship between 

white speck levels per unit of yarn length of dyed yarn and the appearance of 

white specks in dyed knit cloth made from that yarn. 

Alternate Sub-Hypothesis 3 (Hi): A significant relationship would exist 

between white speck per unit yarn length of dyed yarn and the appearance of 

white specks in dyed knit cloth made from that yarn. 

The null hypothesis for the relationship between whites specks per unit 

length of yarn and their appearance in dyed knit cloth made from that yarn 

states a significant relationship would not exist. 

The alternate hypothesis states that there would be a significant 

relationship between white specks per unit length of dyed yarn and the 

appearance of white specks in knit cloth made from the same yarn. These 

hypotheses are summarized in Table 3.1. 
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Table 3.1 Test Hypotheses. 
Hypotheses 

Within Sample 
Operator Counting 
Variability 
Operator to Operator 
Counting Variability 

White Speck Counts per 
Unit Length of Yarn 
Relationship to White 
Specks per Unit of Area 
in Knit Cloth 

Null (Ho) 

V Knit = V Yam 

V Knit = V Yam 

C Yam ^ C Knit 

Alternate (Hi) 

V Knit > V Yam 

V Knit > V Yam 

C Yam = C Knit 

3.7 Research Environment 

All work was performed in the laboratories of the International Textile 

Center at Texas Tech University. Calibrations of all machines used were 

confirmed. Confirmation at the beginning of each process included 

verification of: temperatures of dye machines, wraps per inch for Alfred 

Sutter Winder, and light intensity in the VeriVide light cabinet. Light 

intensity will be measured using a Chauvin Arnoux Model CA 810 Light 

Meter. 
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3.8 Data Collection 

White speck operator count forms are in Appendix D, Section D 2.3 for 

knit portion and Section D 3.4 for the yarn. 

3.9 Treatment of Data 

The principal theory of this research was centered on the expectation 

tha t dyed yarn would offer stable test media for the quantification of white 

specks. The first step in data analysis was to determine what distribution 

was appropriate. This was accomplished by utilizing Shapiro-Wilks' W test of 

normality. Depending on the results of the Shapiro-Wilks test appropriate 

parametric or non-parametric test were to be applied. If the data was found 

to exhibit the characteristics of a normal distribution, t-test for dependent 

and independent samples were to be utilized. If non-parametric 

characteristics were found the Wilcoxen Matched Pairs Test was utilized to 

compare the differences between data sets for dependent variables and the 

Mann-Whitney U Test for independent variables. Operator reading-to-

reading variability was expressed by a direct comparison between the three 

readings for each operator and expressed as a percent difference reading-to-

reading. The same technique was used for both yarns and knits. The 

comparison was accomplished by utilizing the following formulas: 

For each sample group: 

((Rl - R2)/R1)*100 = % difference Reading 1 to Reading 2 (3.1) 
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((R2 - R3)/R2)*100 = % difference Reading 2 to Reading 3 (3.2) 

((R3 - Rl)/R3)*100 = % difference Reading 3 to Reading 1 (3.3) 

where: 

R l = Total White Specks Counted Reading 1, 

R2 = Total White Specks Counted Reading 2, 

R3 = Total White Specks Counted Reading 3. 

In conjunction with operator reading-to-reading % differences a four-

level design was utilized for analyzing the following factors: (1) three 

operator readings, (2) three operators, (3) yam verses knits, and (4) five 

levels of white specks. 

An attempt was made to establish the preliminary quantitative 

relationship between y a m white specks per unit of length and white specks 

per unit area. This was accomplished by the use of regression analysis. 

3.10 Methodological Issue 

This research contained the following methodological issues: (1) Cloth 

portion of this research was limited to knit tubes produced on the Fiber 

Analysis Knitter. (2) Only surface white specks were taken into 

consideration. (3) Winding y a m onto yarn boards allowed only one-half of 

the yams ' outer surface to be viewed. (4) Cotton fiber content of the 

conmiercial yarn used was assumed to be homogeneous from beginning to 

end. (5) One brand and color of dye was used for both yarns and knits. 
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3.11 Replicability 

All procedures used for this experiment were designed to ensure the 

replicability of the experiment. Replicability was specifically addressed by 

the following: 

1. Three operators worked independently making three reading each on 

the same group of samples. 

2. Test hypothesis tested were explicitly presented (see Section 3.6). 

3. Criteria used for selection of operators were documented (see Sections 

3.2.3 and 3.2.3.1). 

4. Experimental procedures for the fabrication of test samples were 

documented (see Sections 3.3, 3.3.1, 3.3.2, 3.3.3, 3.4, and 3.4.1). 

5. Experimental tools and equipment utilized were documented (see 

Sections 3.2.1, 3.2.2, 3.3, 3.3.2, 3.4, 3.4.1, and 3.7). 

6. Statistical and analytical tools used were documented (see Sections 3.8 

and 3.9). 

3.12 Validity 

Validity was concerned with the effectiveness of the measuring 

instrument (Leedy, 1997). In this research two of the six common types of 

validity were applicable: 
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1. Internal validity, was concerned with freedom from bias in the 

formation of conclusions based on the data. Steps outlined in Section 

3.13 address steps taken to improve internal validity of the work. 

2. External validity, examines the generalization of conclusions drawn 

from the research. The conclusions drawn from this research were 

based on the representativeness of the yarn utilized (see Section 3.14). 

This research also had several limiting factors. These factors were 

covered in Section 3.15. 

3.13 Bias 

Bias is any influence, condition, or set of conditions that that distort the 

data from what could have been obtained under the conditions of pure chance 

(Leedy, 1997). The following steps were taken to prevent operator bias: 

1. Operators were screened to insure they possessed the basic skills to 

perform the task. 

2. Qualified operators were trained in the identification of white specks 

and correct counting procedure. 

3. Researcher randomized sample boards and knits before each reading. 

4. All sample knits and yarn boards were labeled so that the operator did 

not know which ones were replications of the same sample. 

5. Researcher limited contact with operator during reading process. 

6. All counts were performed outside the presence of other operators. 
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7. Reasonable efforts were made to limit the amount of external stimulus 

in the reading area. 

8. Crosschecking between operators was performed. 

3.14 Representativeness 

To insure representativeness the yam selected was taken from an 

inventory located at the International Textile Center. Several different 

commercial spinners produced these yarns. This group of y a m s were 

intended to represent a population of yarn with different levels of white speck 

contamination. The yarns were selected based on estimated levels of white 

speck contamination starting at low levels and increasing incrementally to 

high-levels. Six distinct levels were selected based on white speck levels 

derived from the International Textile Center's (ITC) screening test for dyed 

knit cloth, ITC test 402.01. By utilizing incremental levels of white specks 

the sample yarns represent a portion of all yarn produced with similar 

characteristics. 

3.15 Research Limitations 

This research did not take into consideration human behavior factors as 

they relate to manual visual counting techniques. The reading process was 

limited to three operators making three separate readings on 15 samples 

with 5 replications each. All yarns used were from the same spinning 
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technology at different locations and limited to one yarn count. All yarn and 

knit samples utilized in this research were dyed using a single dye. This 

research was addressed from a manual visual quality measurement point of 

view and did not consider other counting methodology approaches. 
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CHAPTER 4 

RESULTS AND ANALYSIS 

4.1 Introduction 

The principle theory of this research was centered on the expectation 

that dyed yarn would offer a stable test media for the quantification of white 

specks. This was to be confirmed by the following: (1) Systematic screening 

of potential operators. (2) Training all operators before beginning of testing. 

(3) Operator reading-to-reading variability was expressed by a direct 

comparison between the three readings for each operator and expressed as a 

percent difference reading-to-reading. The same technique was used for both 

yarns and knits. (4) Comparisons within operator readings were compared 

using a t-test for dependent samples. (5) Operator to operator performance 

was measured using t-test for independent samples. (6) An attempt was 

made to establish the preliminary quantitative relationship between yarn 

white specks per unit of length and white specks per unit area. This was 

accomplished by the use of linear regression analysis. 

4.1.1 Operational Definition of White Specks for Yarns and Knits 

For this research the operational definition of a white speck was as 

follows: Surface clusters of fibers, in a dyed textile product, that were 

noticeably lighter in color shade than the body of fibers adjacent to them. 
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4.2 Operator Screening 

A group of five potential operators were screened to access their ability 

to perform the counting task required. For the screening test only yarn 

boards were counted. Based on the operational definition of a white speck 

the researcher pointed out examples of white specks to each potential 

operator using several different sample yam boards. The potential operator 

followed by demonstrating their proficiency of finding and pointing out white 

specks to the researcher. Since the main focus of the screening process was 

on the operator's variability reading-to-reading it was necessary for the 

operator to demonstrate their ability to differentiate white specks from the 

body of yarn. 

Fifteen yarn boards were selected from the boards used in a previous 

pilot study (Simonton et al., 2001). Each prospective operator made three 

separate readings each on all 15-yarn boards. Operators used the counting 

procedures outlined in "Operator Script for Reading White Specks on Dyed 

Yarn," Section D 2.3.2. 

The VeriVide light box was set up in test configuration in accordance 

with Section 3.2.2. Each Operator was allowed to adjust the viewing 

platform both for visual acuity and basic comfort. All fifteen screening 

boards were read in a single continuous process. The three readings, for each 

operator, were broken up over a several day period in order to reduce fatigue 
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and reduce the possibility of the operator remembering board counts. 

The following table summarizes light intensity readings in foot-candles 

of illumination taken at the beginning of each reading using a Chauvin 

Arnoux Model CA 810 Light Meter (Table 4.1). 

Table 4.1 Screening Test Light Intensil 

Reading 1 

Reading 2 

Reading 3 

Optl 

386 

378 

367 

Opt2 

379 

381 

382 

by Readings in Foot Candles 
Opt3 

380 

383 

381 

Opt4 

379 

381 

384 

Opt5 

383 

383 

371 

4.2.1 Operator Selection 

It was stated. Section 3.2.3.1, that the three operators with the lowest 

overall variation between their three readings would be used for the full 

study. Variation was compared by the use of each operator's co-efficient of 

variation (CV%) reading to reading. The CV% was calculated for the three 

readings of each yarn board using the following formula: 

CV% = (s / |Li) * 100 (4.1) 

where: 

s - Standard deviation between readings 1,2,3 for each yarn board, 

\i - Average of readings 1,2,3 for each yarn board. 
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The CV% for all three readings of each yam board were summed and 

divided by the total yarn boards observed to establish the average CV% for 

the operator. The results obtained are contained in Table 4.2. 

Table 4.2 Operator Varial 
Operator 

1 

2 

3 

4 

5 

tion for Screening Test 
CV% 

5.4 

3.0 

35.5 

5.2 

4.5 

Selected for Study 

No 

Yes 

No 

Yes 

Yes 

Based on the information contained in Table 4.2 and the selection 

criteria outlined previously in this section, operators 2, 4, and 5 were selected 

for the full study. For the full study, these operators were numbered 1, 2, 3. 

4.3 Operator Training 

Even though the three operators selected had the lowest CV%, it was 

apparent that there were also three very distinct count levels. Table 4.3 and 

Figure 4.1 depict the differences operator-to-operator for the screening 

process. 
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Taking the screening process into consideration it was believed that 

training for all three operators would narrow the gap of white specks 

observed. It was interesting to note, that even with three different count 

levels their counts were very consistent. This indicated that the initial 

definition or explanation of a white speck would be critical. It appeared that 

once a qualified operator had determined what was and was not a white 

speck that they were consistent from that point forward. 

Table 4.3 Whi 
Operator 

1 

2 

3 

4 

5 

te Speck Count Totals by Operat 
Reading 1 

2583 

1757 

1028 

2353 

2201 

Reading 2 

2621 

1761 

692 

2507 

2228 

or Reading to Reading 
Reading 3 

2689 

1776 

1219 

2434 

2225 

Total 

7893 

5294 

2939 

7294 

6654 
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Figure 4.1 Total White Speck Counts by Operator for Three Readings 

4.3.1 Operator Training for Yam Board Reading 

The first process of operator training included reviewing operator 

counting procedures outlined in "Operator Script for Reading Wliite Specks 

on Dyed Yam", Section D 2.3.2 with the researcher. The white speck 

operational definition was also reviewed at this time. To improve the 

operator-to-operator consistency, the following actions were taken: (1) 

Operators selected and the researcher reviewed the boards used in the 

screening process as a group. Particular attention was place on boards that 

had high operator variability reading to reading. 
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(2j Each operator explained the criteria they used for obtaining their counts 

to the group. 

4.3.2 Operator Training for Knit Reading 

It was found in the pilot study that dimensionally stabilizing the knit 

tubes by stretching the tubes with the viewing template was most likely a 

contributing factor for improving the operators' variability from the first 

reading to the second reading (Simonton et al., 2001). To address this 

potential variable all samples were pre-stretched by placing the reading 

template inside of the tube and removing it several times prior to the 

beginning of the full study. 

Each operator was allowed to load the template, align the knit tube, 

unload the template, turn the knit tube inside out, reload the template, align 

the knit tube, and unload the template several times for practice in the 

presence of the researcher. After completing the loading and unloading 

process the operators practiced reading white specks on the knit tubes. The 

total process was covered by the "Operator Script for Reading White Specks 

on Dyed Knit Tubes," Appendix D, Section D 2.2. 

4.4 Results of Data Collected 

Operators used white speck count forms contained in Appendix D, 

Section D 3.4 for initial data collection. The raw data was transferred to 
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Microsoft™ Excel spread sheets for analysis by the researcher. An 

independent third party verified transposing accuracy. Data contained in 

Excel spreadsheets was configured for final analysis with Stastica™ 

statistical software. 

Statistica software was used to perform a Shapiro-Wilks W Test for 

normality the yarn and knit count averages by sample. Knits expressed a 

Shapiro-Wilks W value of 0.94724 with a p-value of 0.4821. Yam expressed a 

Shapiro-Wilks W value of 0.93063 with a p-value of 0.2789. The results of 

this test for normality were inconclusive. Due to the data being discrete in 

nature, a non-parametric distribution was the logical choice. 

4.4.1 Operator White Speck Counts for Yarn 

Before each viewing, the sample yarn boards were randomized outside 

the presence of the operator as described in counting procedure contained in 

Appendix D Section D 2.3.2. After randomization, the VeriVide light cabinet 

was energized and allowed to stabilize for a minimum of 60 seconds. After 

stabilization, a Chauvin Arnoux Model CA 810 Light Meter was used to 

measure light intensity at the bottom surface of the cabinet. This was 

accomplished by placing the light meter probe at the center of the bottom 

surface on a mark that was 4" from the front edge. This process was repeated 

for all subsequent segments of the research. The results of these readings for 
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the yarn boards can be found in Table 4.4. 

Table 4.4 Light Intensity Readings in Foot Candles for Yam Boards 
Reading 

1 

2 

3 

Operator 1 

382 

381 

381 

Operator 2 

381 

380 

385 

Operator3 

384 

382 

381 

The information contained in Table 4.4 demonstrates that there was not 

an appreciable difference in light intensity through out the yarn segment of 

this study for any of the operators. The average illumination for all operator 

yarn readings was 382 foot-candles. The percent difference between 

minimum and maximum readings was 1.03%. 

4.4.2 Operator 1 Yarn Reading-to-Reading Variability 

The operator designated as Operator 1 was a technician in the 

International Textile Centers' spinning laboratory. This operator had 

experience in following written protocols and data collection. 

4.4.2.1 Total White Specks Observed by Operator 1 

Table 4.5 summarizes the total white specks observed by operator 1 for 

each of the three readings performed. Figure 4.2 graphically depicts the same 

information. 
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Table 4.5 Total Yai 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Total 

rn White Specks Counted by Operator 1 
Reading 1 

384 

326 

714 

607 

447 

296 

296 

309 

843 

994 

722 

695 

547 

832 

494 

8506 

Reading 2 

388 

334 

712 

615 

464 

302 

310 

309 

840 

991 

717 

670 

540 

845 

500 

8537 

Reading 3 

386 

323 

719 

606 

449 

304 

301 

318 

850 

999 

722 

654 

546 

834 

502 

8513 
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Figure 4.2. Total Yarn White Specks Observed by Operator 1 

4.4.2.2 Percent Difference Reading-to-Reading for Operator 1 

A direct comparison was made between readings to determine an 

operators' variation by calculating the percent difference reading-to-reading. 

This comparison was accomplished by using formulas 2, 3, and 4 contained in 

Section 3.9. This comparison was used for all three operators. Table 4.6 

summarizes the reading-to-reading percent difference comparison. Figure 

4.3 contains a graphic depiction of the same information. 
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Table 4.6 Operator 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Range (-) 

Range (+) 

1 Percent Difference Reading to Reading 
Rl to R2 

(%) 

-1.04 

-2.45 

0.28 

-1.32 

-3.80 

-2.03 

-4.73 

0.00 

0.36 

0.30 

0.69 

3.60 

1.28 

-1.56 

-1.21 

-0.78 

-4.73 

3.60 

R2toR3 
(%) 

0.52 

3.29 

-0.98 

1.46 

3.23 

-0.66 

2.90 

-2.91 

-1.19 

-0.81 

R 3 t o R l 
(%) 

0.52 1 

-0.93 

0.70 

-0.17 

0.45 

2.63 

1.66 

2.83 

0.82 
1 

0.50 

-0.70 0.00 

2.39 

-1.11 

1.30 

-0.40 

0.42 

-2.91 

3.29 

-6.27 

-0.18 

0.24 

1.59 

2.83 

-6.27 

2.83 
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Figure 4.3 Percent Difference Reading-to-Reading for Operator 1 

4.4.2.3 Wilcoxon Test for Dependent Samples for Operator 1 

A statistical Wilcoxon Matched Pairs Test for dependent samples was 

performed using the percent differences reading-to-reading for operator 1. 

The test was used to determine if a significant difference existed between the 

three readings. Table 4.7 contains the results of the Wilcoxon test. 
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Table 4.7 Operator 
Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

1 Test for Significance Reading-to-Reac 
Z 

-0.766426 

0.665567 

-0.149958 

p-value 

0.456153 

0.516504 

0.882937 

ling 
Significant 

No 

No 

No 

Operator I's readings were very consistent at all levels. The average 

standard deviation of the percent difference reading to reading was 

calculated to be 2.066 with a confidence interval of ± 1.045%. 

Operator I's average percent difference between readings were 

calculated as follows and expressed as absolute values: Reading 1 to reading 

2 was 1.64%, reading 2 to reading 3 was 1.59% and reading 3 to reading 1 

was 1.30%. 

4.4.3 Operator 2 Yarn Reading-to-Reading Variability 

Operator 2 was a technician in the International Textile Centers' fabric 

formation area. This operator had extensive experience in following written 

protocols and gathering data. 

4.4.3.1 Total White Specks Observed by Operator 2 

Table 4.8 summarizes the total white specks observed by operator 2 for 

all three readings performed. Figure 4.4 graphically depicts the same 

information. 
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Table 4.8 Total Yai 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Total 

m White Specks Counted by Operator 2 
Reading 1 

318 

331 

655 

543 

416 

278 

276 

257 

758 

903 

622 

599 

480 

757 

388 

7581 

Reading 2 

338 

340 

651 

545 

409 

279 

269 

252 

764 

927 

638 

626 

505 

778 

389 

7710 

Reading 3 

330 

346 

654 

551 

410 

283 

273 

265 

769 

922 

650 

634 

483 

777 

394 

7741 
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Figure 4.4 Total Yarn White Specks Observed by Operator 2 

4.4.3.2 Percent Difference Reading-to-Reading for Operator 2 

A direct comparison was made between readings to determine an 

operators' variation reading-to-reading. Table 4.9 summaries the reading-to-

reading percent difference comparison. Figure 4.5 contains a graphic 

depiction of the same information. 
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Table 4.9 Operator 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Range (-) 

Range (+) 

2 Percent Difference Reading to Reading 
Rl toR2 

(%) 

-6.29 

-2.72 

0.61 

-0.37 

1.68 

-0.36 

2.54 

1.95 

-0.79 

-3.77 

-2.57 

-4.51 

-1.04 

-2.77 

-0.26 

-1.24 

-6.29 

2.54 

R2toR3 
(%) 

2.37 

-1.76 

-0.46 

-1.10 

-0.24 

-1.43 

-1.49 

-5.16 

-0.65 

1.60 

-1.88 

-1.28 

0.41 

0.13 

-1.29 

-0.82 

-5.16 

2.37 

R3toRl 
(%) 

3.64 

4.34 

-0.15 

1.45 

-1.46 

1.77 

-1.10 

3.02 

1.43 

2.06 

4.31 

5.52 

0.62 

2.57 

1.52 

1.97 

-1.46 

5.52 
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Figure 4.5 Percent Difference Reading-to-Reading for Operator 2 

4.4.3.3 Wilcoxon Test for Dependent Samples for Operator 2 

A statistical Wilcoxon Matched Pairs Test for dependent samples was 

performed using the percent differences reading-to-reading for operator 2. 

The test was used to determine if a significant difference existed between the 

three readings. Table 4.10 contains the results of the Wilcoxon test. 
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Table 4.10 Operator 2 Test for Significances Reading-to-Reading 
Reading Z p-value Significant 

R l t o R 2 ! 1.902672 0.057092 No 

R2 to R3 1.647089 

R3 to R l ! 2.896605 

0.099549 No 

0.003775 I Yes 

Operator 2's reading 2 and reading 3 were ver\' consistent with the 

exception of sample 41. It appears that the operator had some t3npe of 

difficulty with this particular sample. The source or tj^pe of problem was 

unknown to both the operator and researcher. The average standard 

deviation of the percent difference reading to reading was calculated to be 

2.625 with a confidence interval of ± 1.328%. 

The average percent difference between readings was calculated as 

follows expressed in absolute values: Reading 1 to reading 2 was 2.15%, 

reading 2 to reading 3 was 1.42% and reading 3 to reading 1 was 2.33%. 

4.4.4 Operator 3 Yam Reading-to-Reading Variability 

Operator 3 was a laboratory technician in the International Textile 

Centers' Materials Evaluation Laboratory. This operator had extensive 

experience in counting protocols for other test procedures. 
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4.4.4.1 Total White Specks Observed by Operator 3 

Operator 3's total counts are contained in Table 4.11 and graphically 

depicted in Figure 4.6. 

Table 4.11 Total YJ 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Total 

am White Specks Counted by Operator 3 
Reading 1 

394 

366 

737 

669 

486 

313 

355 

285 

857 

1024 

799 

740 

560 

962 

657 

9204 

Reading 2 

390 

358 

744 

618 

464 

309 

344 

324 

872 

1091 

718 

712 

556 

905 

484 

8889 

Reading 3 

382 

359 

736 

613 

488 

336 

357 

319 

895 

1013 

744 

705 

632 

880 

1 

464 

8923 
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Figure 4.6 Total Yarn White Specks Observed by Operator 3 

4.4.4.2 Percent Difference Reading-to-Reading for Operator 3 

A direct comparison was made between readings to determine an 

operators' variation reading-to-reading. Table 4.12 summaries the reading-

to-reading percent difference comparison. Figure 4.7 contains a graphic 

depiction of the same information. 
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Table 4.12 Operator 3 Percent Difference Reading to Reading 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Range (+) 

Range (-) 

Rl to R2 
(%) 

1.02 

1.91 

-0.95 

7.62 

4.53 

1.28 

3.10 

-13.68 

-1.75 

-6.54 

10.14 

3.78 

0.71 

5.93 

8.33 

2.89 

26.33 

-13.68 

R2 to R3 
(%) 

2.05 

0.00 

1.08 

0.81 

-5.17 

-8.74 

-3.78 

1.54 

-2.64 

7.15 

-3.62 

0.98 

-13.67 

2.76 

-2.07 

-1.14 

7.15 

-13.67 

R3 to Rl 
(%) 

-3.14 

-1.95 

-0.14 

-9.14 

0.41 

6.85 

0.56 

10.66 

4.25 

-1.09 

-7.39 

-4.96 

11.39 

-9.32 

-6.88 

-2.97 

11.39 

-9.32 
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Figure 4.7 Operator 3 Percent Difference Reading to Reading 

4.4.4.3 Wilcoxon Test for Dependent Samples for Operator 3 

A statistical Wilcoxon Matched Pairs Test for dependent samples was 

performed using the percent differences reading-to-reading for operator 3. 

The test was used to determine if a significant difference existed between the 

three readings. Table 4.13 contains the results of the Wilcoxon test. 
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T a b l e 4 . 1 3 O p e r a t o r 3 Tp.^t fnr <^^frr^\flr^r^r^ R p « H i n p - t n . R p ^ H i n g 

Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

Z 

1.41991 

0.408047 

0.965535 

p-value 

0.155645 

0.683242 

0.334284 

Significant 

No 

No 

No 

Operator 3's reading 2 and reading 3 were very consistent as denoted by 

the high p-value. The average standard deviation of the percent difference 

reading to reading was calculated to be 6.3598 with a confidence interval o f t 

3.218%. 

The average percent difference between readings was calculated as 

follows: Reading 1 to reading 2 was 4.75%, reading 2 to reading 3 was 3.74% 

and reading 3 to reading 1 was 5.21%. 

4.4.5 Mann-Whitnev U Test for Yarn 

Each operator's three readings were averaged to obtain the average 

white speck by operator. Operator-to-Operator readings were compared 

using the Mann-Whitney U Test for independent samples. From the test it 

was found that there was not a significant difference between operators. The 

complete results of that comparison are contained in Table 4.14. 
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Table 4.14 Mann-Whitney U Test for Independent Samples 
Operator 

Opt 1 vs Opt 2 

Opt 2 vs Opt 3 

Opt 3 vs Opt 1 

Z 

0.642910 

-0.891778 

-0.559954 

p-value 

0.520287 

0.372518 

0.575515 

Significant 

No 

No 

No 

A Spearman rank order correlation between operators was utilized to 

measure the proportionality between operators. The results of this 

comparison are contained in Table 4.15. 

Table 4.15 Correlation Between Operators for Yarn 

Operator 1 to Operator 2 

Operator 2 to Operator 3 

Operator 3 to Operator 1 

Average 

Correlation 

0.971429 

0.985714 

0.985714 

0.980952 

The high correlations would suggest that even though the operators 

were counting at slightly different levels their counts were proportional to 

each other. 

4.4.5.1 Operator-to-Operator Variation for Yarn 

Each operator's coefficient of variation (CV%) was calculated using the 
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three knit readings. Results of these calculations are contained in Table 

4.16. A graph containing all three operator's averages is contained in Figure 

4.8. 

Table 4.16 Opera tor-to-Operat( 
Sample 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Operator 1 
(%) 

0.52 

1.74 

0.50 

0.81 

2.05 

1.38 

2.35 

1.67 

0.61 

0.41 

0.40 

3.07 

0.70 

0.84 

0.83 

1.19 

3r Variation for Yam 
Operator 2 

(%) 

3.06 

2.23 

0.32 

0.76 

0.92 

0.94 

1.29 

2.54 

0.72 

1.85 

2.21 

2.96 

0.52 

1.54 

0.82 

1.51 

Operator 3 
(%) 

1.57 

1.12 

0.59 

4.89 

2.78 

4.56 

1.99 

6.86 

2.19 

4.05 

5.49 

2.58 

7.34 

4.59 

6.65 

3.82 

Average 
(%) 

1.72 

1.70 

0.47 

2.16 

1.92 

2.30 

1.88 

3.69 

1.17 

2.10 

2.70 

2.87 

2.85 

2.32 

2.77 

2.17 

75 



Average Percent Difiference: Yam 

^ 

12 

10 

8 

6 

4 

2 

0 

M 1 r^ 1 In i 
^i^^l ^̂ 1 ^̂ 1 .CJ ;l 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

15 Yam Sanples 

D Operator 1 1 Operator 2 • Operator 3 

Figure 4.8 Operator Average Percent Difference for Yarn 

It is apparent from the information contained in Table 4.16 that 

operator 3 was the most variable for yarn readings. Operators 1 and 2 were 

very consistent with operator 1 being the least variable of the three. 

4.4.6 Operator White Speck Counts for Knits 

The same operators used in the yarn segment were also used for the 

knit readings. The operators retained the same operator identification 

numbers. Before each viewing, the sample knit tubes were randomized 

outside the presence of the operator as described in counting procedure 
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contained in Appendix D Section D 2.2. The same procedure for used in 

Section 4.4.2 for light intensity measurement was utilized for the knit 

portion. The results of these readings can be found in Table 4.17. 

Table 4.17 Light Intensity Readings in 

Reading 1 

Reading 2 

Reading 3 

Operator 1 

381 

382 

382 

Foot Candles for Knits 
Operator 2 

389 

381 

381 

Operator 3 

381 

384 

382 

The information contained in Table 4.17 demonstrates that there was 

not an appreciable difference in light intensity through out the knit segment 

of this study for any of the operators. The average illumination for all 

operator yarn readings was 383 foot-candles. The percent difference between 

minimum and maximum readings was 2.05%. With these minor differences it 

was felt that lighting for all knit readings was consistent. 

4.4.7 Operator 1 Knit Reading-to-Reading Variability 

The total white specks observed by Operator 1 are contained in Table 

4.18 and are graphically depicted in Figure 4.9. 
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Table 4.18 Total Knit White Soecks Counted bv Ooerator 1 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Total 

Reading 1 

362 

582 

1107 

868 

508 

556 

465 

420 

962 

782 

829 

649 

673 

1051 

534 

10348 

Reading 2 

357 

612 

1014 

873 

529 

504 

470 

447 

946 

740 

734 

632 

619 

1060 

532 

10069 

Reading 3 

384 

687 

1095 

866 

511 

548 

470 

434 

909 

724 

826 

634 

664 

1082 

513 

10347 

78 



Operator 1 

^1200 

4̂ 1000 

^ 800 

i 600 

^ 400 

3 2004 
o 
H 0 

1 2 3 4 5 6 7 8 9 10 111213 14 15 

Kmt Sanples 

D Readily 1 1 RiBadiî  2 1 Readily 3 

Figure 4.9 Total Knit White Specks Observed by Operator 1 

4.4.7.1 Percent Difference Reading-to-Reading for Operator 1 

A direct comparison was made between readings to determine an 

operators' variation reading-to-reading. Table 4.19 summaries the reading-

to-reading percent difference comparison. Figure 4.10 contains a graphic 

depiction of the same information. 
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Table 4.19 Operator 1 Percent Difference Reading to Reading for Knits 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Range (+) 

Range (-) 

Rl to R2 
(%) 

1.38 

-5.15 

8.40 

-0.58 

-4.13 

9.35 

-1.08 

-6.43 

1.66 

5.37 

11.46 

2.62 

8.02 

-0.86 

0.37 

2.03 

11.46 

-6.43 

R2 to R3 
(%) 

-7.56 

-12.25 

-7.99 

0.80 

3.40 

-8.73 

0.00 

2.91 

3.91 

2.16 

-12.53 

-0.32 

-7.27 

-2.08 

3.57 

-3.46 

3.91 

-12.25 

R3 toRl 
(%) 

5.73 

15.28 

-1.10 

-0.23 

0.59 

-1.46 

1.06 

3.23 

-5.83 

-8.01 

-0.36 

-2.37 

-1.36 

2.87 

-4.09 

0.72 

15.28 

-8.01 
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Figure 4.10 Operator 1 Percent Difference Reading to Reading 

A noticeable variance existed in sample number 2. This majority of this 

variance was due to a low count on reading 1 as compared to readings 2 and 

4.4.7.2 Wilcoxon Test Dependent Samples for Operator 1 

A statistical Wilcoxon Matched Pairs Test for dependent samples was 

performed using the percent differences reading-to-reading for operator 1. 

The test was used to determine if a significant difference existed between the 

three readings. Table 4.20 contains the results of the Wilcoxon test. 
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Table 4.20 Operator 1 Test for Significance Reading-to-Reading 
Reading 

R l to R2 

R2 to R3 

R3 to R l 

2.953402 

1.561895 

3.237382 

p-value 

0.003145 

0.118323 

0.001208 

Significant 

Yes 

No 

Yes 

The average standard deviation of the percent difference reading-to-

reading was calculated to be 6.014 with a confidence interval o f t 3.0434%. 

Operator I's average percent difference between readings was calculated as 

follows and expressed as absolute values: Reading 1 to reading 2 was 4.46%, 

reading 2 to reading 3 was 5.03% and reading 3 to reading 1 was 3.57%. 

4.4.8 Operator 2 Knit Reading-to-Reading Variability 

The total white specks observed by Operator 2 are contained in Table 

4.21 and are graphically depicted in Figure 4.11. 

82 



Table 4.21 Operator 2 Reading-to-Read 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Total 

Reading 1 

367 

557 

1073 

868 

487 

493 

410 

392 

910 

754 

773 

637 

650 

1077 

501 

9949 

ing Variability 
Reading 2 

363 

536 

1020 

794 

454 

466 

395 

389 

849 

689 

716 

562 

600 

1025 

478 

9336 

Reading 3 

376 

555 

1034 

793 

479 

529 

141 

410 

870 

704 

714 

589 

618 

1022 

496 ' 

9603 
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Figure 4.11 Total Knit White Specks Observed by Operator 2 

4.4.8.1 Percent Difference Reading-to-Reading for Operator 2 

A direct comparison was made between readings to determine an 

operators' variation reading-to-reading. Table 4.22 summaries the reading-

to-reading percent difference comparison. Figure 4.12 contains a graphic 

depiction of the same information. 
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Table 4.22 Operator 2 Percent Difference Reading to Reading for Knits 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Range (+) 

Range (-) 

Rl to R2 
(%) 

1.09 

3.77 

4.94 

8.53 

6.78 

5.48 

3.66 

0.77 

6.70 

8.62 

7.37 

11.77 

7.69 

4.83 

4.59 

5.77 

11.77 

0.77 

R2 to R3 
(%) 

-3.30 

-3.54 

-1.27 

0.13 

-11.40 

-13.52 

-4.81 

-5.40 

-2.47 

-2.18 

0.28 

-4.80 

-3.00 

0.29 

-3.77 

-3.92 

0.29 

-13.52 

R3 to Rl 
(%) 

2.39 

-0.36 

-3.77 

-9.46 

-1.67 

6.81 

0.97 

4.39 

-4.60 

-7.10 

-8.26 

-8.15 

-5.18 

-5.38 

-1.01 

-2.69 

6.81 

-9.46 
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Figure 4.12 Operator 2 Percent Difference Reading to Reading 

4.4.8.2 Wilcoxon Test for Dependent Samples for Operator 2 

A statistical Wilcoxon Matched Pairs Test for dependent samples was 

performed using the percent differences reading-to-reading for operator 2. 

The test was used to determine if a significant difference existed between the 

three readings. Table 4.23 contains the results of the Wilcoxon test. 
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Table 4.23 Operator 2 Test for Siernificance Reading-to-Reading 
Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

Z 

3.407771 

3.066994 

2.215051 

p-value 

0.000656 

0.002164 

0.026764 

Significant 

Yes 

Yes 

Yes 

All three readings were found to be significantly different. The average 

standard deviation of the percent difference reading to reading was 

calculated to be 6.739 with a confidence interval of ± 3.410%. Operator 2's 

average percent difference between readings were calculated as follows: 

Reading 1 to reading 2 was 6.08%, reading 2 to reading 3 was 4.01% and 

reading 3 to reading 1 was 4.91%. 

4.4.9 Operator 3 Knit Reading-to-Reading Variability 

The total white specks observed by Operator 3 are contained in Table 

4.24 and are graphically depicted in Figure 4.13. 
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Table 4.24 Operator 3 Reading-to-Read 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Total 

Reading 1 

366 

572 

1071 

847 

493 

525 

444 

402 

945 

710 

768 

600 

657 

1038 

505 

9943 

ing Variability 
Reading 2 

408 

646 

1075 

850 

495 

541 

449 

433 

923 

790 

807 

650 

649 

1061 

524 

10301 

Reading 3 

404 

599 

1120 

898 

518 

571 

448 

421 

949 

789 

810 

651 

687 

1113 

536 

10514 
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Figure 4.13 Total Knit White Specks Observed by Operator 3 

4.4.9.1 Percent Difference Reading-to-Reading for Operator 3 

A direct comparison was made between readings to determine an 

operators' variation reading-to-reading. Table 4.25 summaries the reading-

to-reading percent difference comparison. Figure 4.14 contains a graphic 

depiction of the same information. 
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Table 4.25 Operator 3 Percent Difference Reading to Reading for Knits 
Sample # 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Range (-I-) 

Range (-) 

Rl to R2 
(%) 

-11.48 

-12.94 

-0.09 

-0.35 

-0.41 

-3.05 

-1.13 

-7.71 

2.33 

-11.27 

-5.08 

-8.33 

1.22 

-2.22 

-3.76 

-4.28 

1.22 

-12.94 

R2 to R3 
(%) 

0.98 

7.28 

-4.19 

-5.65 

-4.65 

-5.55 

0.22 

2.77 

-2.82 

0.13 

-0.37 

-0.15 

-5.86 

-4.90 

-2.29 

-1.67 

7.28 

-5.86 

R 3 t o R l 
(%) 

9.41 

4.51 

4.11 

5.68 

4.83 

8.06 
1 

0.89 

4.51 

0.42 

10.01 

5.19 

7.83 
1 

4.37 1 

6.74 j 

5.78 

5.49 

10.01 

0.42 
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Figure 4.14 Operator 3 Percent Difference Reading to Reading 

4.4.9.2 Wilcoxon Test for Dependent Samples for Operator 3 

A statistical Wilcoxon Matched Pairs Test for dependent samples was 

performed using the percent differences reading-to-reading for operator 1. 

The test was used to determine if a significant difference existed between the 

three readings. Table 4.26 contains the results of the Wilcoxon test. 
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Table 4.26 Operator 3 Test for Significance Reading-to-Reading 
Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

Z 

2.669421 

1.789080 

3.407771 

p-value 

0.007602 

0.073611 

0.000656 

Significant 

Yes 

No 

Yes 

Two of the three readings were found to be significantly different. The 

average standard deviation of the percent difference reading to reading was 

calculated to be 6.26 with a confidence interval of ±3.168%. Operator 3's 

average percent differences between readings were calculated as follows: 

Reading 1 to reading 2 was 4.76%, reading 2 to reading 3 was 3.30% and 

reading 3 to reading 1 was 5.63%. 

4.4.10 Mann-Whitnev U Test for Knits 

Each operator's three readings were averaged to obtain an average 

white speck count by sample. Operator-to-operator readings were compared 

using a Mann-Whitney U Test for independent samples. From the test it was 

found that there was a difference between the three operators. The complete 

results of this comparison are contained in Table 4.27. 
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Table 4.27 Mann 
Operator 

Opt 1 vs Opt 2 

Opt 2 vs Opt 3 

Opt 3 vs Opt 1 

-Whitney U Test for Independent Samples 
Z 

-1.84577 

-4.66628 

-2.17760 

p-value 

0.064934 

0.000003 

0.029443 

Significant 

No 

Yes 

Yes 

A Spearman rank order correlation between operators to measure the 

proportionality between operators. The results are contained in Table 4.28. 

Table 4.28 Correlation Between Operal 

Operator 1 to Operator 2 

Operator 2 to Operator 3 

Operator 3 to Operator 1 

Average 

:ors: Knits 
Correlation 

0.807143 

0.999742 

0.807143 

0.871429 

4.4.10.1 Variation Operator-to-Operator for Knits 

Each operator's coefficient of variation (CV%) was calculated using the 

averages of their three knit readings. The results of these calculations are 

contained in Table 4.29. This information is graphically depicted in Figure 

4.15. 
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Table 4.29 Operator Variation: 
Sample 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Operator 1 
(%) 

3.91 

8.63 

4.72 

0.41 

2.20 

5.22 

0.62 

3.11 

2.90 

4.00 

6.78 

1.46 

4.44 

1.50 

2.20 

3.47 

Knits 
Operator 2 

(%) 

1.69 

2.11 

2.60 

5.22 

6.63 

6.37 

2.47 

2.86 

3.54 

4.76 

4.56 

6.37 

4.07 

2.97 

2.46 

3.91 

Operator 3 
(%) 

5.90 

6.18 

2.41 

3.31 

2.77 

4.28 

1.58 

3.73 

1.49 

6.02 

2.95 

4.60 

3.02 

3.59 

3.00 

3.65 

Average 
(%) 

3.83 

5.64 

3.24 

2.98 

3.87 

5.29 

1.55 

3.24 

2.64 

4.92 

4.76 

4.14 

3.84 

2.69 

2.55 

3.68 
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Figure 4.15 Operator Percent Difference for Knits 

Even though the operator averages are fairly consistent it is easy to see 

the amount of variation between operators in Figure 4.15. In the graph only 

samples 8 and 15 have uniform CV% between all three operators. 

4.4.11 Summary of Yarn and Knits 

Within sample reading variability was examined by using the co-efficient 

of variation between each replication within an operator's three readings. 

The results of this comparison are contained in Table 4.30. The arrangement 
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of the data allows for a direct comparison between yarn and knit C V7f. 

Table 4.30 Direct Comparison of] 

Sample 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Average 

Operator 1 

Knit 
(%) 

3.91 

8.63 

4.72 

0.41 

2.20 

5.22 

0.62 

3.11 

2.90 

4.00 

6.78 

1.46 

4.44 

1.50 

2.20 

3.47 

Yarn 
(%) 

0.52 

1.74 

0.50 

0.81 

2.05 

1.38 

2.35 

1.67 

0.61 

0.41 

0.40 

3.07 

0.70 

0.84 

0.83 

1.19 

ileading-to-Reading Operator CV% 
Operator 2 

Knit 
(%) 

1.69 

2.11 

2.60 

5.22 

6.63 

6.37 

2.47 

2.86 

3.54 

4.76 

4.56 

6.37 

4.07 

2.97 

2.46 

3.91 

Yarn 
(%) 

3.06 

2.23 

0.32 

0.76 

.092 

0.94 

1.29 

2.54 

0.72 

1.85 

2.21 

2.96 

0.52 

1.54 

0.82 

1.51 

Operator 3 

Knit 
(%) 

5.90 

6.18 

2.41 

3.31 

2.77 

4.28 

1.58 

3.73 

1.49 

6.02 

2.95 

4.60 

3.02 

3.59 

3.00 

3.65 

Yam 
(%) 

1.57 

1.12 

0.59 

4.89 

2.78 

4.56 

1.99 

6.86 

2.19 

4.05 

5.49 

2.58 

7.34 

4.59 

6.65 

3.82 
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From the table, it can be seen that the average y a m CV% reading-to-

reading for each sample was less than the knit CV% for two of the three 

operators. The third operator's counts were generally inconclusive. 

The confidence level of both y a m and knits were calculated based on the 

standard deviation of an operator's percent difference reading-to-reading 

divided by their average. Confidence interval demonstrates and operator's 

expected variability reading-to-reading. The results of these calculations are 

contained in Table 4.31. 

Table 4.31 Confidence Intervals for Yam and Knits 

O p t l 

Opt 2 

Opt 3 

Standard Deviation 

Knit 

6.014 

6.714 

6.260 

Yam 

2.066 

2.625 

6.359 

Confidence Interval 

Knit 
(%) 

±3.043 

±3.410 

±3.168 

Yam 
(%) 

±1.045 

±1.328 

±3.218 

With the exception of operator 3, the yam clearly offers a lower variation 

counting media for white specks based on confidence interval. 

4.4.11.1 Operator-to-Operator Summary 

When comparing the amount of variation reading-to-reading for each 

operator it was found that yarn had a lower overall co-efficient of variation. 
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When calculated, knits had an overall CV% of 3.68%, while yarn's was 2.17%. 

A graphic comparison of the two counting media's CV% is contained in Figure 

4.16. 

CV% Yam and Knits 

6 

5 
4 

> 3 
^ 2 

0 

J 
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15 Sanples 

DYamlKnit 

Figure 4.16 Operator CV% for Yam and Knit 

Further operator-to-operator comparisons were made utilizing Stastica 

software. A chart was created to compare yarn and knit count averages 

reading-to-reading for each operator. Figure 4.17 contains the results of this 

comparison. It is clear that reading 1 is different from readings 2 and 3 for 

each operator. Readings 2 and 3 are very consistent for both yarns and knits. 

This would suggest possibly some type of training related deficiency or 
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learning curve that was not allowed for in the design. The general slope and 

position of the data points in reading 1 would also indicate that what ever the 

problem was it had a more adverse affect on knits. 
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4.4.11.2 Wilcoxon Test for Dependent Samples Summary 

Table 4.32 contains a summary of significance for Wilcoxon test 

performed for both yarns and knits. 

Table 4.32 

Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

Summary ( of Dependent Sample Significance 
Operator 1 

Knits 

Yes 

Yes 

No 

Yarn 

No 

No 

No 

Operator 2 

Knits 

Yes 

Yes 

Yes 

Yam 

No 

No 

Yes 

Operator 3 

Knits 

Yes 

No 

Yes 

Yarn 

No 

No 

No 

As a general summary, the number of statistically significant 

affirmations were tallied and it was found that the knits had seven 

occurrences where reading-to-reading differences were significant while the 

yarn had only one. 

4.4.11.3 Mann-Whitney U Test Summary 

A summary of the Mann-Whitney U Test for independent samples is 

contained in Table 4.33. When comparing operator-to-operator, there was a 

difference found for knits but not yarn. 
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Table 4.33 Mann-Whitney U Test Summary 

Operators 

Opt 1 to Opt 2 

Opt 2 to Opt 3 

Opt 3 to Opt 1 

Significant 

Knits 

No 

Yes 

Yes 

Yarn 

No 

No 

No 

When using the Mann-Whitney U Test for making comparisons, 

operators were more consistent with yarn than with knits. 

4.4.12 ANOVA Design 

The ANOVA design utilized allowed each sample yarn to be separated 

into yarn and knit factors. Each of these factors was broken down further by 

three operator factors. Each operator factor was separated into three reading 

factors each having five replications. Table 4.34 contains the design utilized 

for each of the 15 sample yarns. The general design was structured to allow 

for the measurement of important interactions between operator, yarn or 

knits, readings, and sample. The magnitude of these interactions will be 

measured by the p-value and whether there is significance. In Table 4.34 

"Rd" represents reading and "Rp" replication. 
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Table 4.34 Al SrOVA De jsign or Each Sample Yarn 
Sample Yarn (n) 

Yarn 

Rd 

1 

Rp 

1 

2 

3 

4 

5 

O p t l 

Rd 

2 

Rp 

1 

2 

3 

4 

5 

Rd 

3 

Rp 

1 

2 

3 

4 

5 

Opt 2 

Rd 

1 

Rp 

1 

2 

3 

4 

5 

Rd 

2 

Rp 

1 

2 

3 

4 

5 

Rd 

3 

Rp 

1 

2 

3 

4 

5 

Opt 3 

Rd 

1 

Rp 

1 

2 

3 

4 

5 

Rd 

2 

Rp 

1 

2 

3 

4 

5 

Rd 

3 

Rp 

1 
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4.4.12.1 Standardization of Counts 

Both yarn and knit data sets were checked for homogeneity. A Tukey 

HSD test for homogeneity was utilized for both data sets. The results of the 

test found that both groups were homogeneous within their own data sets. 

The test did show a difference between yarns and knits as expected. 

In order to make a direct comparison between yarn and knits, it was 

necessary to standardize the data. This was done by dividing each 

replication by the global average of all replications of the counting media 

being examined. The results of these calculations were multiplied by 100 and 
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expressed as percentages. The following formula was used for both knits and 

yams: 

Standardized Value = (m/M)*100 (4.2) 

where: 

m - replication value for yam or knit, 

M - global average of all 15 samples for yam or knits. 

The results of these calculations were used to generate the graphs 

contained in Figures 4.18 and 4.19. 

4.4.12.2 Square Root Transformation of Data 

The Shapiro-Wilks W Test performed in Section 4.4 combined with the 

data being manual counts lead to the assumption that the distribution was 

most likely Poisson in nature. A square root transformation was performed 

on the data. Transformed values were entered into the format described in 

Section 4.12 and analyzed using Statistica's ANOVA/MANOVA function. The 

results of this analysis are contained in Table 4.35 

To analyze the ANOVA it was necessary to start at bottom of the table 

with the four way interaction and work upward. No significance was noted 

until examining the interactions between 2 (sample) to 3 (type). With a p-

value of 0.0648 it is not significant by definition but was close enough to 

discuss. This interaction indicated that the quantity of white specks 

observed depended on whether yarn or knits were used as the count media. 
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This supported by the average total counts per reading, 8400 for yarn and 

10045 for knits. The p-value of 0.6346 for reading was not significant but did 

indicate there was some type of interaction based on which reading the 

operator was making. As expected a significant difference existed between 

each sample due to the different levels of white specks selected. The type 

also indicated that there was a difference in type (yam or knit) of count 

media used by the operator. Figure 4.18 illustrates why the operator effect 

was significant. Operator 1 clearly has the lowest variation between yams 

and knits, while operators 2 and 3 have proportional but inverse differences 

between their y a m and knit counts. A further example of operator 

variability is contained in Figure 4.19. This graph plots combined average 

knit and y a m counts of each operator for all 15 samples. 
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Table 4.35 Summar 
Effect 

1. Sample 

2. Type 

3. Operator 

4. Reading 

1 - 2 

1 - 3 

2 - 3 

1 - 4 

2 - 4 

3 - 4 

1 - 2 - 3 

1 - 2 - 4 

2 - 3 - 4 

1 - 2 - 3 - 4 

/of ANOVA 
F-Value 

154.11 

0.0000 

21.37 

0.48 

18.39 

0.11 

2.74 

0.10 

0.30 

0.27 

0.26 

0.12 

0.76 

0.11 

p-Value 

0.0000 

0.0000 

0.0000 

0.6346 

1.0000 

1.0000 

0.0648 

1.0000 

0.7380 

0.8985 

1.0000 

1.0000 

0.5537 

1.0000 

Significant 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 
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Figure 4.18 Operator Comparisons: Yarn and Knits 
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Figure 4.19 Operator Counts for Yarn and Knits Combined 

4.4.13 Relationship Between Yarn and Knit White Specks 

Comparisons of yarn verses knit white specks was facilitated by 

selecting convenient units of measurement, i.e., length for yarns and area for 

fabrics. Therefore, the measurement of white specks was expressed as the 

number per yard of yarn and the number per square inch of fabric. For both 

count medias, each of the operator's three readings, for each sample, were 

averaged to obtain a total white speck count per sample by count media. 

These averages and divided by the total yards or square inches observed per 

five replications to obtain the lowest unit for comparison. These calculations 
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were accomplished by using the following formulas: 

WSLY = ((TYWSl + TYWS2+ TYWS3)/3) / 281 yards per 5 reps (4.3) 

WSSI = ((TKWSl + TKWS2 + TKWS3)/3) / 720 in2 per 5 reps (4.4) 

where: 

WSLY - White specks per linear yard, 

TWYSl - Total yarn white specks observed per sample by operator 1, 

TWYS2 - Total yarn white specks observed per sample by operator 2, 

TWYS3 - Total yarn white specks observed per sample by operator 3, 

WSSI - White specks per square inch, 

TWYSl - Total knit white specks observed per sample by operator 1, 

TWYS2 - Total knit white specks observed per sample by operator 2, 

TWYS3 - Total knit white specks observed per sample by operator 3. 

The results of these calculations can be seen in Table 4.36. 
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Table 4.36 Count Conversions 
Sample 

41 

43 

46 

53 

55 

99 

104 

105 

107 

122 

123 

127 

128 

130 

132 

Yarn WS/Linear Yard 

1.309 

1.219 

2.500 

2.122 

1.595 

1.068 

1.100 

1.043 

2.945 

3.509 

2.504 

2.386 

1.909 

2.993 

1.689 

Knit WS/ Square Inch 

2.242 

3.306 

6.732 

5.353 

3.234 

3.248 

2.586 

2.761 

6.144 

5.039 

5.036 

3.682 

3.914 

6.498 

3.403 
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4.4.13.1 Simple Regression 

A simple regression was utilized in order to examine the linear 

relationship between white specks per unit length and white speck per unit of 

area. The data contained in Table 4.36 was utilized for the calculation. Yarn 

white specks per linear yard was used for the y-axis and knit white specks 

per square inch in the x-axis of the chart. The results of this plot can be seen 

in Figure 4.20. 

7 

QJ 5 
U 

u 

^ 1 

0 

0 

White Speck Prediction 

Power R̂  = 0.7013 Unear R̂  = 0.6357 

WS per Linear Yard 

- i 1 

2 3 4 

Figure 4.20 Regression Plot: White Speck Prediction 
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It can be seen that a relationship existed but the co-efficient of 

determination (R2) was lower than expected. With a larger sample group the 

information would be more likely to 3deld validation of the theoretical model 

outlined in Section 2.3. It is thought that the inclusion of a yarn count 

conversion and fabric construction factors, as outline in Section 2.3, could 

improve the accuracy of this comparison. 

4.4.14 Test Hypotheses 

The main hypothesis for this research was based on there being a 

significant difference in operator counting variability when comparing dyed 

yarns and dyed knit cloth as the counting media for white specks. This was to 

be validated by a series of sub-hypothesis relating to operator reading-to-

reading variability and operator-to-operator variability. A third sub-

hypothesis was based on being able to establish a relationship between white 

specks per unit length and white specks per unit of area for knits made from 

the test yarn. 

4.4.14.1 Sub-Hypotheses 1 

Sub-hypothesis 1 stated operator white speck count variability within a 

sample would be less for dyed yarn than it is for dyed knit cloth. There was a 

clear difference between the two counting medias with yarn being the least 

variable of the two. This difference is clearly illustrated in Table 4.16. When 
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using each replication's CV% reading-to-reading for all three operators the 

data shows that two out of the three operators were much less variable when 

using yarn as the counting media in lieu of knit cloth for quantifying white 

specks. The third operators' yarn readings were no more variable than their 

knit readings and the other operator's yarn readings. 

When comparing t-test for dependent sample test results it was found 

that yarn had only one reading out of a possible nine that was significantly 

different statistically reading-to-reading while knits had a total of five out of 

nine (Section 4.4.11.2). 

With this information taken into account the null sub-hypothesis 1 (Ho) 

is rejected. The alternate sub-hypothesis (Hi), using dyed yarn as the 

counting media for white specks significantly reduced within sample operator 

white speck counting variability, was accepted. Table 4.37 contains the 

summary for sub-hypothesis 1. 

Table 4.37 Sub-Hypothesis 1 Summary 
Null (Ho) Alternate (Hi) 

Within Sample 

Operator Counting 

Variability 

V Knit = V Yam 

(Rejected) 

V Knit > V Yam 

(Accepted) 
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4.4.14.2 Sub-Hypothesis 2 

Sub-H3rpothesis 2 stated operator-to-operator counting variability would 

be improved when using dyed yarn as the counting media than when using 

dyed knit cloth. There was a clear difference in operator-to-operator 

variability between the two medias. This was shown through comparisons 

made utilizing operator-to-operator confidence interval for both yarns and 

knits, Table 4.31. The table shows that two of the three operators have 

clearly lower confidence intervals and standard deviations when counting 

white specks on yarn than they did when using knits as the counting media. 

Figure 4.16 gave graphic representation of the comparison of CV% for both 

yarns and knits. The graph clearly shows that for 12 out of the 15 total 

samples, yarn was much less variable than knits for operator-to-operator 

variability. 

When comparing the average percent difference reading-to-reading for 

each operator yarn was clearly less variable. Figures 4.8 and 4.15 graphically 

depict this difference. 

With this information taken into account null sub-hypothesis 2 (Ho) was 

rejected. The alternate sub-hypothesis (Hi) using dyed yarn as the counting 

media for white specks would significantly reduce operator-to-operator white 

speck counting variability was accepted. Table 4.38 contains the summary 

for sub-hypothesis 2. 
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Table 4.38 Sub-Hypothesi 

Operator-to-Operator 

Counting Variability 

Ls 2 Summary 
Null (Ho) 

V Knit = V Yam 

(Rejected) 

Alternate (Hi) 

V Knit > V Yam 

(Accepted) 

4.4.14.3 Sub Hypothesis 3 

Sub-hypothesis 3 stated there would be a relationship between white 

speck levels per unit of yam length and the appearance of white specks in 

knit cloth made from that yam. A simple regression was utilized to examine 

the relationship between white specks per unit of yam length and white 

specks per unit of area. When the comparison was made the relationship 

between white specks per single linear yard and white specks per single 

square inch had a coefficient of determination value (R2) of 0.6357 using a 

linear regression and 0.7013 using a power curve. Figure 4.20 contains the 

graphic representation of the simple regression performed. The R^ values 

were substantial enough to show that a relationship did exist between white 

specks per unit of length and white specks per unit of area. For these 

reasons sub-hypothesis 3 null was rejected and the alternate sub-hypotheses 

3 was accepted. Table 4.39 contains the summary for sub-hypothesis 3. 
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Table 4.39 Sub-Hypothesis 3 Summary 

White Speck Counts per i 

Unit Length of Yam 

Relationship to White 

Specks per Unit of Area 

in Knit Cloth 

Null (Ho) 

V Knit -*• V Yam 

(Rejected) 

Alternate (Hi) 

V Knit = V Ya 

(Accepted) 

m 

4.4.15 Parametric Test 

In the beginning of this research there was a general assumption that 

there was a very good possibility that the distribution of the data collected 

would be something other than normal. This assumption was based on the 

data being discrete in nature and being collected fi^om a design based on 

manual counting. There were also those who theorized that the blending 

used in textile processing could spread the problematic fibers more evenly 

throughout the system causing a near normal distribution. In order to 

address both of these issues the data collected was treated with parametric 

tools as well as non-parametric ones. 

It was apparent when test such as the Shapiro-Wilks W test for 

normality were applied that the distribution was most likely something other 

than normal. The test left enough doubt that I felt it would be prudent to 

include parametric test in the form of t-test for dependent and independent 

samples. The results of the test are contained in Figures 4.40 through 4.47. 

When comparing reading-to-reading t-test for each operator it was found 
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tha t for yarn only 1 out of 9 possible was significantly different (Tables 4.40-

42). This correlates exactly with the results of the non-parametric Wilcoxon 

test. 

Table 4.40 Operator 1 Test for Significance Reading-to-Reading for Yarn 
Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

t-value 

-0.766426 

0.665567 

-0.149958 

p-value 

0.456153 

0.516504 

0.882937 

Significant 

No 

No 

No 

Table 4.41 Operator 2 Test for Significances Reading-to-Reading for Yarn 
Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

t-value 

-2.4269 

-0.9231 

-3.0150 

p-value 

0.17661 

0.358973 

0.003519 

Significant 

No 

No 

Yes 

Table 4.42 Operator 3 Test for Significance Reading-to-Reading for Yam 
Reading 

Rl to R2 

R2 to R3 

R3 to Rl 

t-value 

1.59005 

-0.29666 

-1.37456 

p-value 

0.11609 

0.76755 

0.17342 

Significant 

No 

No 

No 

116 



The same test used for yarn was performed on the knits with differing 

results. The t-test found that 5 out of the 9 possible were significant while the 

Wilcoxon test found 7 out of the 9 significant (Tables 4.43-45). 

Table 4.43 Operator 1 Test for Significance Reading-to-Reading for Knit 
Reading 

Rl to R2 

R2 to R3 

R3 to R l 

t-value 

1.79122 

-1.7876 

-0.3049 

p-value 

0.09489 

0.095499 

0.76489 

Significant 

No 

No 

No 

Table 4.44 Operator 2 Test for Significance Reading-to-Reading for Knit 
Reading 

R l to R2 

R2 to R3 

R3 to R l 

t-value 

6.64879 

-4.24056 

-2.73761 

p-value 

0.000011 

0.000823 

0.016030 

Significant 

Yes 

Yes 

Yes 

Table 4.45 Operator 3 Test for Significance Reading-to-Reading for Knit 
Reading 

R l to R2 

R2 to R3 

R3 to R l 

t-value 

-3.13691 

-2.04935 

6.75057 

p-value 

0.007279 

0.059651 

0.000009 

Significant 

Yes 

No 

Yes 
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The parametric t-test for dependent samples was used to compare 

operator-to-operator. The results of these tests are contained in Tables 4.46 

and 4.47. The t-test did not indicate a significant difference operator to 

operator for both y a m and knits. The non-parametric Mann-Whitney U test 

described in Section 4.4.11.3 was used to examine same data. This test found 

that there were no significant differences between operators for yarn but 2 

out of the 3 operators for knits were found to be significantly different. 

These results combined with the other test performed would tend to 

support the use of non-parametric tools for the data generated in this 

research. 

Table 4.46 Operator to Operator t-test for Independent Samples for Yarn 
Operator 

Opt 1 vs Opt 2 

Opt 2 vs Opt 3 

Opt 3 vs Opt 1 

t-value 

0.711412 

-1.09311 

-0.386736 

p-value 

0.482714 

0.283659 

0.701875 

Significant 

No 

No 

No 

Table 4.47 Operator to Operator t-test for Independent 
Operator 

Opt 1 vs Opt 2 

Opt 2 vs Opt 3 

Opt 3 vs Opt 1 

t-value 

0.52784 

-0.55832 

-0.016432 

p-value 

0.601769 

0.616934 

0.987006 

Samples for Knits 
Significant 

No 

No 

No 
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CHAPTERS 

RESEARCH CONCLUSIONS 

5.1 Conclusions and Implications 

From research results, it was apparent that dyed yam would offer the 

best manual visual test media for white specks. Test results indicate that 

dyed y a m was a more stable test media for the quantification of surface 

white specks than dyed knit FAK tubes. In comparison to FAK knit cloth, 

y a m was less variable reading-to-reading and operator to operator. This 

research indicates that dyed cotton yam could offer the low variability, 

manual visual test media required to make more in depth studies of the 

white speck phenomenon for both conunercial and research applications. In 

this context y a m could improve future image analysis methodology 

development by having the manual visual methodology for verification of 

image analysis coimts and establishing count standards. 

5.1.1 Within Sample Operator Variability 

When each operator's individual readings were compared, the difference 

between yam and knit variability became most apparent. When summed, it 

was found that of the nine possible readings for each test media that knits 

had seven occurrences where reading-to-reading differences within an 

operator were statistically significant while the yam had onl}' one. From a 
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reading-to-reading viewpoint yarn was a significantly less variable media 

than was the FAK knit for the quantification of white specks. 

When comparing dyed yam and dyed knit cloth as the counting media 

dyed y a m displayed lower co-efficient of variation between operator readings 

(Section 4.4.11). This point was also supported by the yam's lower percent 

difference reading-to-reading, confidence intervals, and standard deviations 

(Table 4.31). In general, this would indicate that an operator would be 

expected to have a tighter counting range, on multiple readings, for yarn 

than they would for knits when counting white specks. 

5.1.2 Operator-to-Operator Variability 

When comparing operator averages for all three readings the statistical 

Mann-Whitney U Test for independent samples found significant that there 

was significant differences between operators for knits. The test also revealed 

that no significant difference was found between operators when using yarn 

as the count media. Test procedures utilizing CV% operator-to-operator also 

revealed the difference between the two count medias. Test results show that 

dyed y a m had the lowest CV% operator-to-operator (Section 4.4.11.1), and 

less statistically significant differences between operators (Section 4.4.11.2) 

than did the knits. 
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5.1.3 Yarn Knit Relationship 

This research's foundation was based on the assumption that white 

specks on the surface dyed yarn would also appear on cloth made from that 

yarn. The problem was in the prediction of what this numerical relationship 

would be. 

The data gathered was used to develop a preliminary prediction model 

for cloth comprised of that yarn. Due to the small number of samples and 

lack of count and fabric construction conversion factors the overall regression 

was less specific than expected. The coefficient of determination (R2) of 

0.7031 was a promising indicator from a non-parametric point of view. In 

order to construct a more plausible and accurate prediction model a greater 

number of samples would have to be examined with numerous replications of 

each. With a larger number of samples and replications the R^ value would be 

expected to be higher. 

5.2 Theoretical Implications 

This research provided the basis for a test method that could be used in 

identification of factors that contribute to the occurrence of white specks in 

cotton. The results of this research have strongly indicated that yarn is a 

superior white speck count media that could be used as a research tool. It 

was a very basic preliminary assumption that white specks appearing on the 

surface of dyed yarn would also appear to a certain degree on cloth made 
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from that yarn. The fabric formation's influence on the appearance of surface 

white specks was thought to be quite large and highly variable. The high 

variability would make it very difficult to replicate testing results based on 

fabric laboratory-to-laboratory. Future work should center itself around the 

use of yarn as the primary media for white speck research. Yam could 

provide a stable and readily available count media that has overall low 

manual visual count variability. 

5.2.1 Practical Implications 

The yarn white speck quantification system could be used by the textile 

industry as a screening test for yam production and/or shipments that are 

designated for product lines sensitive to the presence of white specks. The 

prescreening process would offer a proactive tool that would allow for the 

management of the white speck problem. 

Manually reading boards is labor intensive and would most likely not be 

practical for areas of the world where labor costs are high. In these countries 

the textile company would have to weigh the risk associated with white 

specks against the cost of white speck quantification. 

5.3 Future Research 

Future plans should include establishing robust, statistically valid, 

quality science based research for accurately and efficiently measuring 
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immature fiber (white speck) content on the surface of dyed yam. Secondly, 

once developed, proposed test methodolog>' should be used as a tool to focus 

research efforts on the systemic exploration of causal factors and 

interdependent relationships, which influence white speck content in cotton. 

Future white speck research will have to address many questions. First, 

what effect do harvesting aids such as boll openers have on the problem? 

Second, do different types of harvesting techniques increase or decrease the 

problem? Third, do different levels of gin cleaning improve or spread the 

problematic fibers? Fourth, can textile-cleaning equipment be set or 

changed to address this problem? Fifth, how different types of yam 

formation technologies affect the problem? Sixth, are certain yam counts 

more or less susceptible to the problem? Seventh, can textile-dyeing 

procedures be exploited to enhance the measurement system? Eight, can 

image analysis measurement systems be developed that use dyed yam as the 

measurement media? Ninth, can the interdependent relationships that 

influence the occurrence of the problem be explored from a systems 

perspective? 

5.3.1 Seed Cotton Treatment 

The effects of cotton boll-opening aids applied before harvest should be 

studied. Research should utilize cotton harvested with and without boll 

opening aids ft-om a common field (land under cultivation) with a single 
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variety of cotton. By utilizing this design it would be possible to measure the 

impact of pre-harvest cotton boll opening aids on the appearance of white 

specks on the surface of dyed yarn. 

5.3.2 Effects of Mechanical Harvesting 

Future work should include the effects of mechanical harvesters (cotton 

strippers and pickers), with and without field cleaning equipment, have on 

the appearance of white specks in yam. Future research should utilize a 

single variety of cotton harvested with and without field cleaning. This 

design should provide an indication of the impact field cleaning has on the 

appearance of white specks on the surface of dyed yarn. 

5.3.3 Gin Lint Cleaning 

Future research should utilize cotton with 1 and 2 gin lint cleanings. 

This design will provide an indication of the impact gin lint cleaners have on 

the appearance of white specks on the surface of dyed yarn. 

5.3.4 Textile Processing 

The effects that different levels of textile cleaning have on white speck 

content of dyed y a m should be explored. Different machine settings and 

configurations should be included in this phase of the research. 
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5.3.4.1 Yarn Formation 

The effects that the two most common forms of textile yarn formation 

technology, rotor and ring spinning, have on the appearance of dyed yarn 

surface white specks. 

5.3.4.2 Yarn Count 

Future research should address the effects of yarn count (yam 

diameter) on the appearance of dyed yarn surface white specks. 

5.3.5 Textile Dyeing 

The knowledge of white speck sensitivities to certain dye groups should 

be exploited to explore the use of different dyes and techniques that will 

work to optimize the relationship between human visual techniques and 

image analysis techniques for the detection of white specks on the surface of 

dyed yarn. 

5.3.6 Measurement Software Development 

Imaging hardware and software combinations should be developed that 

allow for the quantification of immature fiber (white specks) located on the 

surface of the dyed yarn in an accurate, repeatable, and efficient process. 

The system should provide for threshold operations that will allow white 

specks to be differentiated from adjacent yarns. The system should include 
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the capability to utilize size parameters for white specks using pixel density 

and also be capable of color differential measurement. 

5.3.7 Systemic Exploration 

Image analysis quantification results should be used to explore white 

speck content from both casual and interdependent relationships between 

harvesting techniques, gin cleaning, and textile processing in a systemic 

framework as they relate to the appearance of immature fibers on the surface 

of dyed yarn. 

5.4 Research Inference Tree 

It was apparent that future work would require a greater number of 

samples and replications than was used for this research. The number most 

likely required would tax the abilities and patience of most human beings. 

For this reason I believe that the next step needs to be the development of 

imaging hardware and software that will allow great numbers of samples 

and replications to be taken and analyzed. The manual visual system should 

be relegated to count verifications and establishing standards to be used for 

statistical process control. 

The combination of image analysis techniques and manual visual 

techniques could be used for research into the cause and contributing factors 

of white specks as well as by commercial operations for prescriptive and 
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preventative actions. Figure 5.1 illustrates a possible flow of research in the 

form of a Research Inference Tree. 
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Figure 5.1 Research Inference Tree 
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Table A. 1: Selected Major Importers of Cotton Lint by Reg 
(1000 Metric Tons). 

North America 

Central America 

South America 

North Africa 

South Africa 

Central Europe 

European Union 

Former USSR 

China (All) 

East Asia 

South Asia 

Middle East 

World Total 

1998/1999(prel) 

484 

68 

470 

107 

67 

248 

956 

307 

501 

1505 

393 

272 

5413 

1999/2000(est.) 

493 

73 

481 

159 

71 

246 

940 

352 

517 

1592 

393 

417 

5769 

ion 

2000/200 Kest.) 

608 

77 

546 

113 

67 

270 

960 

352 

727 

1511 

409 

358 

6047 
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Table A. 2: Selected Major Exporters of Cotton Lint by Region 
(1000 metric tons). 

North America 

Central America 

South America 

North Airica 

South Airica 

Central Europe 

European Union 

Former USSR 

China (All) 

East Asia 

South Asia 

Middle East 

World Total 

1998/1999(prel) 

982 

2 

232 

165 

845 

205 

330 

1338 

166 

659 

58 

315 

5301 

1999/2000(est.) 

1472 

4 

186 

130 

934 

185 

316 

1264 

318 

614 

64 

275 

5769 

2000/200 Kest.) 

1544 

4 

454 

191 

947 

229 

306 

1368 

32 

659 

60 

247 

6047 
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Table A.3: Selected Importers of Cotton Lint for 1999/2000 by Country 
(1000 metric tons). 

China 

U.S. 

India 

Pakistan 

Former USSR 

Australia 

1000 Metric Tons 

Imported 

50 

5 

128 

85 

352 

0 

Table A.4: Selected Exporters of Cotton Lint for 1999/2000 by Country 
(1000 metric tons). 

China 

U.S. 

India 

Pakistan 

Former USSR 

Australia 

1000 Metric Tons Exported 

10 

1450 

17 

32 

1264 

595 
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B.l Fiber Measurement 

Toda / s HVI (High Volume Instrument) are designed for testing large 

quantities of cotton samples with a minimum amount of time. This system 

allows the annual classification of entire cotton crops. The HVI system is not 

actually measuring fiber properties but comparing against known standards 

(Peters, 1999). 

Cotton samples for testing are collected during the ginning process. At 

the gin fibers are separated fi*om the seed, cleaned, and pressed into bales of 

approximately 500 pounds each. When a new bale is started in the press, a 

sample of at least 4 ounces is taken and when the bale is almost compete a 

second sample of equal size is taken. This gives a sample of that represents 

each side of the bale (USDA, 1993). 

The samples are labeled and forwarded to the USDA testing facility. The 

samples are conditioned for 48 hours in a laboratory environment of 70 

degrees F, plus or minus 1 degree, and 65 percent relative humidity, plus or 

minus 2 percent. This will bring the moisture content to a level between 6.75 

percent to 8.25 percent (USDA, 1993). Only about 12 grams of fiber from the 

sample is utilized for actual length, strength, and micronaire testing. Ten 

grams of 12 grams is for micronaire alone. This does not include the quantity 

required for the color and leaf grade measurements. 
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The HVI system is used to classify fiber length, length uniformity, 

strength, micronaire, color, and leaf grade (USDA, 1993). The descriptions of 

key fiber property classifications are as follows: 

1. "Fiber length is the average length of the longer one-half of the fibers 

(upper half mean length)" (USDA, 1993, p.7). The length is reported in 

both lOOths and 32nds of an inch. It measured by passing a sampling 

comb or clamp containing a 'beard" of fibers through a sensing point. The 

2. sensing point is known as a Fibro-Graph. The Fibro-Graph uses light 

3. attenuation as a function of optical density to measure the length of the 

sample. From this measurement a non-endalinged staple diagram called a 

Fibrogram is created. The Fibrogram is used to form graphic 

representation of fiber distribution by length (Peters, 1999). 

4. "Length uniformity is the ratio between the mean length and the upper 

half mean length of the fibers and is expressed as a percentage" (USDA, 

1993, p.8). If all fibers tested were the sample length it would mean that 

the uniformity index would be 100. Since cotton is a natural fiber, subject 

to internal and external variation, the uniformity index will always be 

below 100. Cotton with a low uniformity index is likely to have a high 

short fiber content (<0.50 inches) and be very difficult to process (USDA, 

1993). 
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5. "Strength measurements are reported in terms of grams per tex. A tex 

unit is equal to the weight in grams of 1,000 meters of fiber. Therefore, 

the strength reported is the force in grams required to break a bundle of 

fibers one tex unit in size" (USDA, 1993, p.9). Strength measurements use 

the same beard of fiber that is used for the length measurement. The 

break is accomplished by placing the fiber beard between two sets of jaws, 

which are 1/8 of an inch apart. The force required to break the bundle is 

divided by the fiber fineness to determine measured breaking strength in 

grams per tex (Peters, 1999). 

6. "Micronaire is a measurement of fiber fineness and maturity" (USDA, 

1993, p.9). The micronaire measurement is accomplished by passing 

compressed air through a sample of known weight, contained in a cylinder 

of known volume under a specific compression. The air permeability of the 

7. cotton sample mass is measured and converted into a micronaire reading 

(USDA, 1993) 
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A Pilot Study: Using Dved Cotton Yarn for Quantification of White Specks 
J.L. Simonton^ E.F. Hequet and 

International Textile Center, Texas Tech University 
M.G. Beruvides PhD, PE 

Industrial Engineering, Texas Tech University 

C I Abstract 

Current commercial fiber testing methodology was not designed to 

measure or detect the presence of dead or immature fibers in the small 

quantities that have been determined to be detrimental to the quality of dyed 

finished products. The methodology described in this study, utilizing dyed 

yam, offers a promising media for an accurate and repeatable applied test 

method for the quantification of white specks. It is a logical assumption that 

white specks appearing on the surface of dyed yarn will also appear, to a 

certain degree, on the surface of cloth made fi-om this yam. A tool, based on 

dyed y a m will be a proactive approach of quantifying white specks that can 

be tailored to a y a m spinner, knitter, and dyer's specific end use. 

C.2 Introduction 

According to the American Society for Testing and Materials, the 

general definition of a fiber nep is "a tightly tangled knot-like mass of 

unorganized fibers" (ASTM D-123-96 1996). In most cases, fiber neps are 

made up of at least five or more fibers with the average number being sixteen 

or more (Hebert et al., 1988). Immature or dead fibers are finer in structure. 
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due to their lack of secondary wall development and have a higher propensity 

to form neps than do more mature fibers (Hebert et al., 1988). In an un-dyed 

state, entangled fiber clusters could be generically classified as neps. It is 

only after the application of dye, when some of the neps remain un-dyed, that 

the more specific classification of "white speck" is used. This propensity to 

form neps, in combination with the lack of dye retention and high reflectivity, 

gives the white speck its characteristic light shinny appearance on the 

surface of dyed cloth or yam. 

In most cases, current commercial fiber testing cannot predict the 

immature or dead fibers content of a raw fiber sample. Only in extreme cases 

will fiber properties measured by commercial HVI (High Volume Instrument) 

be an indicator of immature or dead fiber content in a bale of cotton 

(Zellweger Uster, 1999). Current commercial fiber testing, based on average 

fiber properties, was not designed to measure or detect the presence of dead 

or immature fibers in the small quantities that have been determined to be 

detrimental to dyed finished goods quality. It has been estimated that even in 

fabric with severe white speck contamination the percentage of white speck 

fibers (by weight) is most likely less than 0.10% of the total fibers (Watson, 

1989). These amounts would be too small to have significant effects on the 

average fiber properties as measured by current commercial HVI. Unlike 

commercial HVI, methodology utilizing dyed yam can offer the predictive tool 
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required for a proactive response to white speck contamination by spinners, 

dyers, and knitters. Such a tool will allow the pre-screening of yarn before 

fabric formation and dyeing. 

The purpose of this work is to investigate the impact of different 

parameters on white speck evaluation. First, we will evaluate the operator 

counting variability when comparing dyed yams and dyed knit cloth fi'om the 

same yam. Second, we will compare the counting variability within each 

sample for white speck counts in yam and knits. Third, we will investigate 

the existence of direct relationships between yam white speck counts and 

knit white speck counts. 

C.3 Materials and Methods 

C 3 . 1 Y a m 

Yarn selected for this study was taken from an inventory of 

commercially spun 30/1 Ne 100% cotton ring spun yarn. Yams were also 

selected based on white speck levels derived from the International Textile 

Center's (ITC) screening test for dyed knit cloth, ITC Test #402.01. 

C3.1.1 ITC Screening Test 

The ITC's current screening test involves using a 3" by 10" template that 

has ten randomly placed squares of one square inch each cut from it. The 

template was randomly placed on the outside surface of knit cloth dyed with 
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Direct Blue 80. Direct Blue 80 was selected by the ITC based on past 

experience and the work of Smith. Smith categorized dyes by their ability to 

cover dead or immature fibers. The Direct Blue 80 dye was found to be 

sensitive to dead or immature fiber (white specks), (Smith, 1991). The white 

specks appearing in each open square of the template were counted. Multiple 

replications were achieved by randomly moving the template to different 

locations on the cloth. Replications were summed to give an "average white 

speck count per 10 square inches." The same dye procedure utilized in the 

ITC screening test was used for both yarn and knit portions of this pilot 

study 

C 3.2 Viewing Instrument 

A MacBeth BBS-562 Lablite was utilized as a source of standard 

lighting for the entire study. The Lablite is equipped with both Horizon 

(yellow) and Daylight (blue-white) light sources. The total wattage of light 

available was a nominal 1050 watts. It was found during the initial setup 

that the operator's ability to detect white specks was improved if both horizon 

and daylight settings were used simultaneously. For this study, the floor of 

the Lablite viewing box was equipped with a stationary alignment stop. The 

stop helped to insure accurate repetitive placement of samples to be viewed. 
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The angle of sample to light source was set, by placement of the alignment 

stop, so the operator could achieve the best visual differentiation between the 

white specks and the adjacent yarn or knit (Boynton, 2000). 

C 3.3 Yarn Dveing 

A Model 44 Chavis yarn winder was used to place the fifteen yarn 

samples onto stainless steel dye tubes for dyeing. After winding, they were 

package-dyed, in a single batch, using a 15-package capacity Gaston County 

Package Dye Machine model 702 RFC. 

C 3.4 Knit Production and Dveing 

Each of the fifteen sample yarns was used to knit individual single knit 

jersey fabric. A model F.A.K. Lawson Hemphill Fiber Analysis Knitter, 

equipped with 20 needles per inch, was utilized to produce single knit jersey 

tubes that weighed approximately 10 grams each. Five replications of each of 

the 15 yarn samples were made giving a total of 75 knit tubes. The knit tubes 

were simultaneously dyed using the Gaston County 90 liter capacity 

Laboratory Dye Beck. 

C 4 Yarn White Speck Counting 

After the dyeing process, an Alfred Sutter model ASYW yarn board 

winder was utilized to wind samples onto 7" wide by 11" long by 1/8 inch 

thick black rigid cardboard yarn boards. The Alfred Sutter Yarn Board 
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Winder was electronically set to place 16 equally spaced wraps per inch on 

each board for a horizontal distance of 5.75 inches. With this setup each 

board had 28.11 linear yards of dyed yarn per board viewing side, for a total 

of 56.22 linear viewing yards per yarn board. This gave a total of 75 yarn 

boards, each having "A" and "B" sides. The "A" and "B" designations were 

arbitrary designations for the purpose of preventing the operator from 

reading the same side twice. Five replications yielded a total of 281.1 linear 

yards of y a m on the face of the boards per sample yam. Using basic textile 

mathematics, 281.1 yards of 30/1 Ne cotton yarn will weigh 5.07 grams 

(Quigley e ta l . , 1974). 

The board "reading" process involved placing each sample into the 

viewing box of a MacBeth BBS-562 Lablite. The operator positioned each 

board in the viewing box with the aid of a stationary alignment stop. After 

positioning the board the operator used a counting technique that traversed 

from left to right, then right to left, while moving from top to bottom. A 

pointed probe was used to help the operator maintain focus while counting. 

A single operator, on side "A" first and then on side "B", counted white 

specks. This procedure was repeated on three separate occasions to check 

operator variability reading to reading. Operator variability for counting 

white specks on dyed yarn will be discussed in the Results section of this 

study. 
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C.5 Knit White Speck Counting 

Knit tubes were sub-labeled with A, B, C, and D sides. "A" side was 

designated, as the outside front and "B" side was the outside back of the knit 

tube. "C" and "D" sides were obtained by turning the tube inside out. "C" was 

the inside front opposite "A" and "D" was the inside back opposite "B". Side 

designations were for sample orientation and elimination of double counting. 

Each knit tube was also marked with a white 4" orientation line located 

under the sample number on the "A" side. Due to the thin nature of the knit 

goods, the orientation lines could easily be detected from the "C" side when 

the cloth is turned inside out. 

After sub-labeling, the dyed knit tubes were transferred to the MacBeth 

BBS-562 Lablite for "reading". A 4" by 9" template, made from 3/16" black 

foam board, was placed inside of each knit tube before viewing. This gave a 

total of 36 square inches per side. With four sides being viewed per sample 

reading a total of 144 square inches were viewed. The same counting process 

used for the yarn was also utilized for the knits. The operator, first on the "A" 

side and then on the "B" side, counted white specks. The knit sample was 

then turned inside out and placed back onto the template. Once the template 

had been placed inside the knit tube, the orientation line on the "A" side, as 

seen from the "C" side, was used to achieve correct alignment. This procedure 

was repeated on three separate occasions to check operator variability 
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reading-to- reading. Operator variability for counting whites specks on dyed 

knit cloth will be discussed in the Results section of this study. 

C 6 Results and Discussion 

C.6.1 Yam Results 

A comparison of operator counts, reading to reading, for yarn boards can 

be seen in Figure 1. The information was placed in ascending order by count 

totals of all five replications. It is apparent that the operator variability 

reading to reading was low by visual comparison. It is also interesting to 

note that the operator counting variability, reading to reading, appears to be 

consistent from low to high-count levels. 

Statistica software was used to perform a t-test for dependent samples. 

The test revealed a statistically significant difference between reading 1 and 

reading 3 with a p-value of 0.00761. Results of this test can be found in Table 

CI. The coefficient of variation (CV%) was used to express the variation 

within each yarn replication. The average CV% of yarn white speck counts 

was 2.89% with a range of 1.32% to 6.55%. 

C6.7 Knit Results 

A comparison of operator counts, reading to reading, for knit tubes can 

be seen in Figure C.2. The chart gives a visual indication of the level of 
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operator variability reading to readings. Operator variability, reading to 

reading was further examined by utilizing a t-test for dependent samples. 

The t-test revealed a statistically significant difference between reading 1 

and reading 2 with a p-value of 0.006515 and also between reading 1 and 

reading 3 with a p-value of 0.000120. These test results indicate that the 

readings are significantly different. The complete results of this test are 

contained in Table C I . The coefficient of variation was also used to indicate 

variability within each sample group replication to replication. The average 

coefficient of variation (CV%) of white speck counts for knits 5.72% with a 

range of 3.01% to 9.20%. 

The FAK knits, in this study, have notably different levels for the A B 

(outside) and the C D (inside) within the same sample. In all cases the inside 

(C D) of the knit tube had the highest concentration of whites specks. The 

comparison can be seen in Figure C 3 . This difference could be attributed 

directly to the FAK knitter, mechanical manipulations of the knitting 

process, knit fabric construction, or other yet to be identified factors. 

C.7.1 Yarn and Knit Comparisons 

Operator reading-to-reading performance was examined by a direct 

comparison between the three readings for each sample group. The same 

technique was used for both yarns and knits. The comparison was 

accomplished by utilizing the following formulas: 
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((Rl - R2)/R1)*100 = % difference Reading 1 to Reading 2 (CI) 

((R2 - R3)/R2)*100 = % difference Reading 2 to Reading 3 (C2) 

((R3 - Rl)/R3)*100 = % difference Reading 3 to Reading 1. (C3) 

The results of these comparisons can be seen in Figure C.4 for yarns and 

Figure C.5 for knits. It is visually apparent by comparing Figures C.4 and 

C.5 that the operator performance reading to reading for the yam is much 

less variable than for the knit. 

It is a reasonable assumption that a relationship exists between yam 

and knit white speck levels. When a comparison between average white 

specks per sample in yam knits was made it revealed a simple correlation of 

0.889. Figure C.6 shows the actual counts of both count medias. In Figure 

C.6, samples 2 through 9 show almost a one to one relationship between yam 

and knit white specks while samples 2 and 10 through 15 have different 

levels. It is interesting to note that the average yam white speck counts per 

board represents 56.2 yard of yam while each 10 gram knit sample is 

comprised of 555 yards of yam. If the knit reading-to- reading variability can 

be reduced it could be possible to establish a baseline relationship between 

yarn white specks per unit length and knit white specks per unit area. 

Test results indicate that dyed yam does have the potential of offering a 

stable media for white speck quantification. In comparison to FAK knit cloth, 

using yarn for white speck detection is less variable for an operator reading-
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to-reading. With dyed yarn's reduced variability it will provide a reliable test 

media that can be used for predictive purposes. From a proactive standpoint, 

yarn seems to offer the most practical and useful test media for commercial 

textile application. 

It is suspected that the relationship between y a m white specks and 

their appearance in the finished product will be not only product specific but 

also mill specific. Factors such as knit or weave construction, dyes used, 

knitting machine or loom used, and machinery condition will determine at 

which point yarn white speck levels will be problematic in finished products. 

White speck detection, using dyed yarn, will allow a customized approach 

that will meet the needs of the textile product being manufactured. 

As results of this pilot study, it was clearly shown that significant 

difference in operator counting variability exists when comparing dyed yarns 

and dyed knit cloth. This was supported by a statistical t-test for dependent 

samples and the % difference reading to reading. In addition, the variability 

within each sample is less for yarn than for knits. These results were also 

supported by expressing the coefficients of variation (CV%) within samples. 

Finally, the existence of direct relationships between yarn white speck counts 

and knit cloth white specks was not totally established at this time, because 

other undefined variables should be taken into account. 
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C.8 Conclusions 

This pilot study was limited in nature by the use of only one yarn count, 

one operator, and one dye. It does appear that dyed yarn offers a more stable 

test media for the counting of white specks. This is supported by t-test 

results, % difference reading to reading, and the measurement of variation 

within the samples (CV%). Establishing the relationship between white 

specks in yarn and white specks in outer surface of the knit cloth was 

inhibited by several factors: (1) The apparent influence on the distribution of 

white specks by mechanical factors during knitting. (2) Variability in the knit 

counts reading to reading and within a sample group would skew a direct 

comparison with yarn. 

An expansion of this study should include multiple yarn counts, from the 

multiple cottons, with multiple dyes for each. This should help address the 

relationship between yarn count and the surface appearance of white specks. 

Yarn test data should also be included to explore the possibility if any type of 

meaningful relationship can be established between yarn test data and yarn 

white speck counts per unit length. Future plans include using the manual 

visual techniques developed as a baseline test to facilitate the development 

image-analysis techniques based on dyed yarn. This technique will be used to 

formulate prediction models that are based on the relationship of white 

specks per unit of length and their appearance in the face of a fabric. 
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Table C.l Statistical Comparison 

Yarn 

Yarn 

Yarn 

Knit 

Knit 

Knit 

Rl 

to 

R2 

Rl 

to 

R3 

R2 

to 

R3 

Rl 

to 

R2 

Rl 

to 

R3 

R2 

to 

R3 

p-value 

.1929 

.00761 

.9259 

.00615 

.00120 

.30153 

t-value 

-1.314 

-2.744 

.09337 

-4.391 

-5.261 

-1.073 

Reading-to-Reading. 

Significant 

No 

Yes 

No 

Yes 

Yes 

No 
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Figure C 2 Three Readings of FAK White Speck Counts in Ascending Order 

160 

file:///Miite


600 

500 

400 

300 

200 

100 

0 

Total A + B -"-Total C + D 

Figure C.3 Comparison: Average Sides A and B to Sides C and D 

159c 

10% 

R l to R2 - » - R 2 to R3 ^fc-Rl to R3 

Figure C.4 Operator Performance for Yam Reading to Reading 

161 



4 0 % 

20% 

0% 

•20% 

•40% 

•60% 

R l to R2 - * - R 2 to R3 - * - R l to R3 
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Figure C.6 Average per Sample FAK and Yarn White Speck Counts. 
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APPENDIX D 

SUPPORT MATERIAL 
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D.l FAK Sample Numbering 

Original 
Sample # 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Replication Number 
2 3 4 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

5 
61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 
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D.2.2 Operator Script for Reading White Specks on Knit Tubes 

All readings will take place in room 205B of the Color Matching 

Laboratory located in the International Textile Center, Texas Tech 

University. Researcher will be responsible for VeriVide light cabinet 

settings. The researcher will furnish the operator samples to be read, data 

recording forms, and templates required. Operators are not to discuss their 

results with other operators. 

Operator Reading Procedure 

1. Remove one FAK knit tube from storage container. 

2. Locate sample number, side designation, and orientation line. 

3. Insert 4" by 9" black foam board template provided, tapered end first, 

into the open end of the knit tube opposite the labeled end. An example 

of a knit tube loaded onto the viewing template is covered in Figure D 

1. 

4. Manipulate the knit sample so that the orientation line of side A is 

even with the point where the taper stops and the viewing area starts. 

Care must be taken not to stretch the knit sample any more than what 

is necessary to achieve correct alignment. 

5. After loading and aligning the knit tube move the knit sample into 

viewing area of the Verivide light cabinet. 
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6. Place the loaded template onto the viewing platform with sample 

identification at the top. 

7. Using a pointed probe as a guide tool, count white specks using a left 

to right, top to bottom counting technique. 

8. Before proceeding to step 9, record side count on "FAK White Speck 

Count Form" under the appropriate column heading next to the sample 

number being read. 

9. Turn the sample to side B, opposite side from A, and repeat steps 6 

through 8. 

10. After completing sides A and B carefully remove the template, tapered 

end first, and turn the sample inside out. 

11. Use the sample number, side designation, and orientation line from 

side A to approximate side C that is the inside opposite of side A. 

12. Insert the 4" by 9" black foam board template, tapered end first, into 

the open end of the knit tube opposite the labeled end. 

13. Manipulate the knit sample so that the orientation line of side A, as 

seen from side C, is even with the point where the taper stops and the 

viewing area starts. Care must be taken not to stretch the knit sample 

any more than what is necessary to achieve correct alignment. 

14. After loading is completed move the knit sample into viewing box of 

the light cabinet. 
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15. Place the loaded template onto the viewing platform with sample 

identification at the top. 

16. Starting with Side C use a pointed probe as a guide, count white 

specks using a left to right, top to bottom counting technique. 

17. Before proceeding to step 18, record each side count on the "FAK White 

Speck Count Form" under the appropriate column heading next to the 

sample number being read. 

18. Turn the sample to side D, opposite side from C, and repeat steps 15 

through 17. 

19. Return to Step 1 until all knit tubes furnished are counted. 

4ft>i4. -«~- -<«»• 

Figure D.l Example of Knit Tube Loaded onto Viewing Template. 
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D. 2.3 FAK White Speck Count Form 

Operator Reading #. Date: 

FAK Knit 
Sample # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Through 

75 

A 
Side 

B C D 

' 
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D. 2.3.2 Operator Script for Reading White Specks on Dyed Yarn 

All readings will take place in room 205B of the Color Matching 

Laboratory located in the International Textile Center, Texas Tech 

University. Researcher will be responsible for VeriVide light cabinet 

settings. The researcher will furnish the operator yarn boards to be read and 

data recording forms. Operators are not to discuss their results with other 

operators. 

Operator Reading Procedure 

1. Remove yarn boards from storage containers one at a time 

2. Remove and aside protective covering. 

3. Move yarn board into viewing box of the light cabinet. 

4. Place yarn board onto the viewing platform of the VeriVide light 

cabinet with sample identification label at the top left hand corner. An 

example of a correctly labeled yarn board is covered in Figure D2. 

5. With a pointed probe as a guide tool, count white specks using a left to 

right, top to bottom counting technique. 

6. Before proceeding to step 7, Record side count on the "Yarn White 

Speck Count Form" provided. 

7. Turn board to opposite side and repeat steps 4, 5, and 6. 

8. Placed counted yarn board back into its' protective cover and aside to a 

count completed container. 
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9. Return to Step 1 until all yarn boards have been counted. 

Figure D.2 Example of Loaded Yarn Board 
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D.3.3 Sample Numbering for Package Yam 

Original 
Sample # 

1 

i 

Dye ID 
Tag# 

: 

1 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Replication Number 
2 3 4 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

30 45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

5 
61 

62 

63 

64 

65 

66 

67 

68 1 

69 
i 

70 

71 

72 

73 

74 

75 
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D. 3.4 Yarn White Speck Count Form 

Operator Reading #_ Date: 

Yarn 
Sample # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Through 

75 

Side 
A B 
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APPENDIX E 

DEFINITIONS 
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Table E.l Definitions 

Term 

Absorption 

Accuracy 

Analysis of 

variance 

(ANOVA) 

Assignable 

cause 

Definition 

A process in which one 

material (the absorbent) takes 

in or absorbs another (the 

absorbate) 

The degree of agreement 

between the true value of the 

property being tested (or 

accepted standard value) and 

the average of many 

observations made according 

to the test method, preferably 

by many observers. 

A procedure for dividing the 

total variation of a set of date 

into two or more parts, one of 

which estimates the error due 

to selecting and testing 

specimens and the other 

part(s) possible sources of 

additional varaiation. 

A factor which contributes to 

variation and is feasible to 

detect and identify 

Source 

ASTM D-123-96a; 

plO 

ASTM D-123-96a; 

plO 

ASTM D-123-96a; 

plO 

i 

ASTM D-123-96a; 

p l l 
1 
1 
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Table E.l Continued 

Term 

Average 

Bias 

Break factor 

Card 

Carded yarn 

Calibrate 

Definition 

(for a series of observations) 

The total divided by the 

number of observations 

(in statistics) A constant of 

systematic error in test 

results 

(in yarn testing) the 

comparative breaking load of 

a skein of yam adjusted for 

the linear density of the yam 

expressed in an indirect 

system 

A machine used in the 

manufacture of staple yarns. 

Its functions are to separate, 

align, and deliver the fibers in 

a sliver form and to remove 

impurities. 

A cotton yam that has been 

carded but not combed. 

To determine and record the 

relationship between a set of 

standard units of measure 

and the output of an 

instrument of test procedure. 

Source 

ASTM D-123-96a; 

p l l 

ASTM D-123-96a; 

p l2 

ASTM D-123-96a; 

p l2 

HOC (1990); p23 

HOC (1990); p24 

ASTM D-123-96a; 

p l4 
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Table E.l Continued 

Term 

Calibration 

cotton standards 

Characteristic 

Cloth 

Coefficient of 

variation, CV 

Definition 

Cotton samples taken from 

blended bulk source on which 

fiber properties have been 

determined under the 

International Cotton 

Standards Program. 

A property of items in a 

sample or population which. 

when measured, counted, or 

otherwise observed, help to 

distinguish between the 

items. 

A generic term embracing all 

textile fabrics and felts. 

A measure of the dispersion of 

observed values equal to the 

standard deviation for the 

values divide by the average 

of the values: may be 

expressed as a percentage of 

the average (CV%). 

Source 

ASTM D-123-96a; 

p l4 

ASTM D-123-96a; 

p l 5 

HOC (1990); p28 

ASTM D-123-96a; 

p l 5 
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Table E.l Continued 

Term 

Coefficient of 

variation 

unevenness 

Color contrast 

Combing 

Component of 

variance 

Condition 

Definition 

(in textiles) the standard 

deviation of the linear 

densities over which 

unevenness is measured 

expressed as a percentage of 

the average linear density for 

the total length within which 

the unevenness is measured. 

(in textiles) a general term for 

a visible color difference 

between two adjacent areas 

A step subsequent to carding 

in cotton processing which 

straightens the fibers and 

extracts neps, foreign matter, 

and short fibers. 

A part of the total variance 

identified with a specified 

source of variability 

To bring a material to 

moisture equilibrium with a 

specific atmosphere 

, : 

Source 

ASTM D-123-96a; 

p l 5 

ASTM D-123-96a; 

p l6 

HOC (1990); p31 

ASTM D-123-96a; 

p l6 

ASTM D-123-96a; 

p l6 
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Table E.l Continued 

Term 

Cone 

Confidence 

interval 

Confidence level 

Cotton 

Definition 

(in textiles) a yarn holder or 

bobbin of conical shape used 

as a core for a yarn package of 

conical form 

An interval estimate of a 

population parameter 

computed so that the 

statement "the population 

parameter lies in this 

interval" will be true, on the 

average, in a stated 

population of the time such 

statements are made. 

The stated proportion of time 

the confidence interval is 

expected to include the 

population parameter. 

A vegetable seed fiber 

consisting of unicellular hairs 

attached to the seed of several 

species of the genus 

Gossypium of the family 

Malvaceae. 

Source 

ASTM D-123-96a; 

p l6 

ASTM D-123-96a; 

p l7 

ASTM D-123-96a; 

p l7 

ASTM D-123-96a; 

p l7 
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Table E.l Continued 

Term 

Cotton color 

diagram 

Cotton count 

Cotton maturity 

Cotton system 

Definition 

A diagram showing the color 

ranges of standards officially 

established by the U.S. 

Department of Agriculture for 

the various grades of cotton in 

relation to scales of 

reflectance. Rd on the vertical 

axis, and +b on the horizontal 

axis. 

An indirect yarn numbering 

system generally used in the 

cotton system equal to the 

number of 840 yard lengths of 

yarn per pound 

The degree of fiber wall 

thickening 

A spinning system adapted to 

fibers less than 65 mm (2.5 

in.) in length 

Source 

ASTM D-123-96a; 

p l 8 

ASTM D-123-96a; 

p l 8 

ASTM D-123-96a; 

p l 8 

ASTM D-123-96a; 

p l8 
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Table E.l Continued 

Term 

Cotton waste 

Cotton waste 

Count 

Defect, in 

inspection and 

grading 

Definition 

Material removed from seed 

cotton, ginned lint, or stock in 

process by any cleaning or 

processing machinery and 

usually consisting of 

undesirable fibers or a 

mixture of cotton fibers with 

foreign matter. 

Material removed from seed 

cotton, ginned lint, or stock in 

process by any cleaning or 

processing machinery and 

usually consisting of 

undesirable fibers or a 

mixture of cotton fibers with 

foreign matter. 

(in knitted fabric) the number 

(counted units) of wale loops 

and course loops per 25 mm 

(1.0 in.) 

The departure or 

nonconformance of some 

characteristic from its 

intended level or state 

Source 

ASTM D-123-96a; 

p l 8 

ASTM D-123-96a; 

p l 8 

1 

t 

ASTM D-123-96a; 

p l 8 

ASTM D-123-96a; 

p l 9 
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Table E.l Continued 

Term 

Desorption 

Differential 

dyeing behavior 

Drawing 

Fabric 

Face side 

Fiber 

Definition 

A process in which a sorbed 

material is released from 

another material. 

(of cotton) the tendency of 

cotton fibers to absorb and 

retain selectively varying 

proportions of different dyes 

from a binary dye bath. 

(in textile processing) the 

process of stretching or 

attenuating a material to 

increase the length per unit 

mass. 

(in textiles) a planar structure 

consisting of yarns or fibers. 

(in textile materials) the side 

of the material that is 

outward in the completed 

object. 

(in textiles) a generic term for 

any one of the various types of 

matter that form the basic 

elements of a textile and that 

is characterized by having a 

length at least 100 times its 

diameter. 

Source 

ASTM D-123-96a; 

p l9 

ASTM D-123-96a; 

p l 9 

ASTM D-123-96a; 

p20 

ASTM D-123-96a; 

p22 

ASTM D-123-96a; 

p23 

ASTM D-123-96a; 

p23 
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Table E.l Continued 

Term 

Fiber beard 

Fibrogram 

Fineness 

Gage 

Definition 

(in length testing of fibers) 

fibers caught randomly on a 

comb which are subsequently 

straightened and parallelized 

without stretching or 

damaging. 

(in testing cotton fibers for 

length) the curve representing 

the second cumulation of the 

length distribution of the 

fibers sensed by the length 

measuring instrument in 

scanning the fiber board. 

(of fibers) a relative measure 

of size, diameter, linear 

density, or mass per unit 

length expressed in a variety 

of units. 

(in knitted fabrics) a measure 

of fineness expressing the 

number of needles per unit of 

width (across the wales) 

Source 

ASTM D-123-96a: 

p23 

ASTM D-123-96a; 

p23 

ASTM D-123-96a; 

p24 

ASTM D-123-96a; 

p26 
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Table E.l Continued 

Term 

Ginned lint 

Grade 

Illuniination 

Definition 

Cotton fibers that have been 

separated fi-om their seeds by 

ginning but not subjected to 

any further processing after 

ginning. 

To assign a numerical value 

based on the number, size, 

and severity of defects seen 

during a visual inspection. 

(in lighting) the density or 

flux of light on a unit area of 

surface 

Source 

ASTM D-123-96a; 

p26 

ASTM D-123-96a; 

p26 

ASTM D-123-96a; 

p28 
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Table E.l Continued 

Term 

Immature fibers 

Inspection 

Definition 

(1) (cotton fibers treated with 

sodium hydroxide solution) 

-fibers that either (a) have 

swollen and assumed a 

spiral form, or (b) 

remained flat, thinly 

outlined, and almost 

transparent. Total wall 

width is less than the 

lumen width 

(2) (cotton fibers observed 

under polarized light) 

fibers that appear purple. 

indigo, or blue, turn 

orange or yellow-orange 

upon rotation to the 

subtractive position, and 

upon removal of the 

selenite plate show 

parallel extinction. 

The process of measuring. 

examining, testing, gaging, or 

otherwise comparing a 

characteristic or property of a 

material with applicable 

requirements. 

Source 

ASTM D-123-96a; 

p28 

1 
! 

' 

; 

ASTM D-123-96a; 

p28 
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Table E. l Continued 

Term 

Linear density 

Lint 

Lint cotton 

Linters 

Lumen 

Major defect 

Mote 

Ne 

Nep 

Definition 

Mass per unit of length 

(in loose cotton) fibers mostly 

of spinnable length 

Loose cotton fibers in any 

form, either raw or processed. 

free of seeds and not bound 

together in yarn or fabric. 

The short fibrous material 

adhering to the cotton seed 

after the spinnable lint has 

been removed by ginning. 

(in vegetable fibers) the 

central canal of the fiber 

A defect other than critical. 

that judgement and 

experience indicate is likely to 

materially reduce the 

usability of a product for its 

intended purpose. 

Immature cotton seed 

See Cotton Count 

A tightly tangled knot-like 

mass of unorganized fibers. 

Source 

i 

ASTM D-123-96a; 

p30 

ASTM D-123-96a; 

p30 

ASTM D-123-96a; 

p31 

ASTM D-123-96a; 

p31 

ASTM D-123-96a; 

p31 

ASTM D-123-96a; 

p31 

ASTM D-123-96a; 

p33 

ASTM D-123-96a; 

p34 
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Table E.l Continued 

Term 

Observation 

Precession 

Rating 

Raw cotton 

Definition 

The process of determining 

the presence or absence of 

attributes or making 

measurements of a variable. 

(under conditions of single-

operator precision) the single-

operator-laboratory-sample-

apparatus-day precision of a 

method: the precision of a set 

of statistically independent 

observations obtained as 

directed in the method and 

obtained over the shortest 

practical time interval in one 

laboratory by a single 

operator using one apparatus 

and randomly drawn 

specimens from one sample of 

the material being tested. 

A quantitative or qualitative 

scale for evaluation of a 

specific property. 

Ginned lint that has not been 

subjected to any textile 

manufacturing process. 

Source 

ASTM D-123-96a; 

p35 

ASTM D-123-96a; 

p37 

i 

ASTM D-123-96a; 

p39 

ASTM D-123-96a; 

p39 
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Table E.l Continued 

Term 

Reference 

standard 

Roving 

Seed cotton 

Short-fiber 

content (SFC) 

Sliver 

Definition 

(in cotton testing) a 

homogeneous lot of cotton 

having a known or accepted 

value for one or more physical 

properties. 

A loose assemblage of fibers 

drawn or rubbed into a single 

strand, with very little twist. 

In spun yam system, the 

product of the stage, or 

stages, just prior to spinning 

Cotton, as harvested and 

before ginning. 

That percentage of fibers (by 

number or weight) in a test 

specimen, that is shorter than 

12.5 mm (0.5 in.) in length. 

A continuous stand of loosely 

assembled fibers that is 

approximately uniform in 

cross-sectional area and 

without twist. 

Source 

ASTM D-123-96a; 

p39 

ASTM D-123-96a; 

p40 

ASTM D-123-96a; 

p40 

ASTM D-123-96a; 

p43 

ASTM D-123-96a; 

p44 
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Table E.l Continued 

Term 

Tex 

Twist 

Wale 

Yam 

Yam package 

Definition 

The unit of linear density, 

equal to the mass in grams of 

1000 meters of fiber, yam, or 

other textile stand, that is 

used in a direct yam 

numbering system. 

(in textile strands) the hefical 

or spiral config^urations 

induced by turning a strand 

about its longitudinal axis. 

(in knitted fabric) a column of 

loops in successive courses 

that is parallel with the loop 

axis. 

A generic term for a 

continuous stand of textile 

fibers, filaments, or material 

suitable for knitting and 

weaving, or otherwise 

intertwining to form a textile 

fabric. 

A length of parallel lengths of 

yam in a form suitable for 

handling, storage, or shipping 

Source 

ASTM D-123-96a; 

p48 

ASTM D-123-96a; 

p48 

ASTM D-123-96a; 

p53 

ASTM D-123-96a; 

p55 

ASTM D-123-96a; 

p55 
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Table E.l Continued 

Term 

Yam numbering 

system 

Definition 

A system expressing the size 

of a yam as a relationship 

between its length and 

associated mass. 

Source 

ASTM D-123-96a: 

p55 
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