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Abstract

The researcher investigated the accuracy of a visual ranking method to assess
colour differences in off-white fabrics under a series of controlled conditions. Three
research questions were proposed relating ranking accuracy to: (a) the magnitude of
the colour difference between consecutive specimens, (b) the number of specimens
being ranked, and (c) the level of a subject’s visual perception.

Twenty-four female students in Clothing and Textiles from the faculty of
Human Ecology completed the threshold and ranking tests during the 1993 spring
session. The threshold test established the AE values for the colour difference factor
in the ranking test. Interchanging the specimen positions in the threshold test
improved the accuracy of visual perception. Visual ranking results were analyzed
using a randomized complete block design under two factors: (a) AE between
consecutive specimens within a given series (AE_;, = 0.2, AE,, = 0.5 and AE___ = 0.8)
and (b) number of specimens being ranked at one time (3, 6, 9 and 12).

Kendall’s Tau correlation coefficient was calculated to determine the strength
of relationship between each subject’s ranking order and the expected ranking for each
series within both factors. Page’s test for ordered alternatives rejected the first two
null hypotheses, supporting the alternative hypotheses that ranking accuracy increased
as the AE between consecutive specimens increased, and decreased as the number of
specimens being ranked increased. The overall strength of relationship between visual
and instrument rankings illustrated that the median %s ranged from 0.73 to 1.00 when
AE was equal to or greater than 0.2, and when the number of specimens being ranked
varied from 3 to 12. The number of specimens being ranked at one time and the
subject’s ability to detect minute colour difference influenced ranking accuracy;
however, the method of data collection did not affect the median % values.

The third research question "Does a subject’s level of perception affect ranking
accuracy?" was not addressed because there were not sufficient observations for

statistical analysis; more threshold comparisons per subject were needed.

il
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CHAPTER 1

INTRODUCTION

The whitest textile product is judged by consumers as the most desirable. It is
considered to be the freshest, cleanest and free from contaminants (Hunter, 1975).

The appearance of a product is often an important attribute on which consumers base
their purchase decisions (Meilgaard, Civille, & Carr, 1987). Jakobi and Lohr (1987)
reported that over the last two decades in America, 40% of the textile purchases were
white. According to Hunter (1975), there are about 5000 white shades and 30,000
"ish" white. Studies have illustrated that consumers prefer a bluish-white hue (Hunter,
1961). Consumers of detergents expect a white textile product to retain its original
colour (lightness, chroma, and hue values) throughout the product’s life whether the
product is soiled from normal wear or is stained from unexpected sources. Therefore,
detergent manufacturers are interested in assessing colour, colour change and/or colour
difference, especially whiteness.

Detergent manufacturers modify formulations and continually monitor
consumer acceptance of their product. Assessment of whiteness can be made by
objective instrument measurements or by subjective panelist evaluation, which may
include paired comparisons or ranking methods. Of the four Canadian detergent
manufacturers who were contacted by the researcher in 1991, three reported both types
of assessment. All three employed instrument assessment at some stage of product
development; two used paired comparison techniques; one also utilized a ranking

approach some of the time, but preferred to use paired comparisons, The
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manufacturer who used only instrument measurement indicated that paired comparison
techniques were not appropriate when more than three products were being tested.
The four manufacturers contacted did not indicate why the ranking method was not
used at the later stages of product development.

The purpose of this study is to investigate the accuracy of a visual ranking
method in assessing colour change in off-white fabrics under a series of controlled

conditions.

Justification

For proprietary reasons, organizations such as detergent manufacturers are
unwilling to share with the public their accumulated research knowledge on sensory
and instrument assessment. Sensory evaluation is usually conducted for quality
assurance and new product development (Larmond, 1977) and assists management in
making business and marketing decisions. Business decisions should be based on a
thorough understanding of the physical and chemical factors behind the attributes of
interest, as well as on the perception of human beings (Meilgaard et al., 1987). In
practice, product development, consumer acceptance and consumer preference are the
principal applications of sensory evaluation.

Management is continually seeking cost efficient methods to evaluate products.
Ranking, one of the sensory evaluation methods, is less time-consuming and needs less
panel training than paired comparisons when visually assessing more than two

specimens (Meilgaard et al., 1987). In fact, textile research investigating visnal
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evaluation methodologies such as paired comparisons, triangle tests, scaling, or ranking
techniques under a set of controlled experimental conditions has not been located in
the literature.

Studies from textiles and home economics sources over the past 30 years
illustrate that researchers have used several instrument values to assess colour change
or colour difference. Whiteness Index and Delta E have been recommended as
standard instrument measurements by both American Association of Textile Chemists
and Colourists (AATCC) and American Society for Testing and Materials (ASTM)
(AATCC Test Method 110, 1989; AATCC Test Method 153, 1985; ASTM D2244,
1989; ASTM E313, 1987). However, correlations between panelists’ ranking and
instrument values now used as standards have not been located in textile studies.

In sensory evaluation of food, Buchanan, Givon, and Goldman (1987), and
Meilgaard et al. (1987) indicated that ranking is less sensitive than paired comparison
because of the memory factor. This limitation may not be valid for visual sensory
evaluations of textile products where a panelist is allowed to manipulate the individual
specimens within a given ranking series. This ranking approach creates a series of
mini paired comparisons in which paneclists rank specimen series by assessing adjacent
pairs from the whitest to the least white.

In textiles, several researchers reported paired comparison or ranking methods
when assessing fabric whiteness by panelists. Some of the researchers compared the

results between instrument measurement and visual evaluation (Furry, Bensing, &
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Johnson, 1961; Coppock, 1965; Rhode Island Section, 1966; Morris, 1970; Warfield &

Hardin, 1981; Galbraith, Swartzlander, & Hardin, 1987).

In textiles, Coppock (1965) pointed out a weakness of the ranking method,
when he requested panelists to rank a series of 30 white specimens from whitest to
least white, he suggested that the panelists were unable to rank the specimens from
whitest to least white because the colour difference between adjacent specimens was
too small. He then used a paired comparison method and was able to reproduce a
visual ranking similar to that produced by colour measurement instrament, This early
attempt at ranking suggested that ranking may be less accurate than a paired
comparison method. However, Coppock did not indicate the magnitude of instrument
readings which described "small colour differences", and did not test the influences
from the changes in the number of specimens being ranked at one time.

Other researchers in textiles supported the use of the ranking method. Furry et
al. (1961), Rhode Island Section (1966), and Warficld and Hardin (1981) who
conducted ranking procedure on textiles reported "very good" agreement between
instroment measurement and visual evaluation. However, they did not use Whiteness
Index or Delta E measurements in their studies.

The literature revealed that both instrument measurement and sensory
evaluation have advantages and disadvantages. Instrument measurement is far more
sensitive than a panelist’s visual evaluation of colour change and colour difference; it
is quicker and cheaper to use. The trend in assessment of fabric visual attributes

appears to favour increased use of instrumentation (Vanderhoeven, 1992). Instruments
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are designed to simulate human visual perception, but unable to replace human visual
responses completely. When instruments detect a colour change, the human eye may
not be able to perceive the difference, or the consumer may accept the difference.

Sensory evaluation is required to demonstrate validity of instrument assessment
and to standardize objective tests (Larmond, 1977). Visual evaluation can be used to
test human responses directly. Product changes can be assessed using visual
evaluation when there is no adequate instrumentation; however, visual evaluation is
Iess sensitive and more expensive than instrument measurement.

From the literature review, the researcher observed gaps in the current
knowledge and understanding of ranking procedures to assess visual attributes of
textile fabrics. These can be summarized as: (a) ranking has been criticized by some
researchers as inaccurate, while others reported "good" correlations with instrument
measurement; (b) research assessing visual ranking of off-white fabrics with standard
instrument measurement has not been located; (c) research testing the influence of
different number of specimens in the ranking series has not been located; (d)
instrumentation cannot directly test and totally replace human visual responses even
though it is cheaper. This researcher attempted to bridge these gaps by investigating
the accuracy of the ranking procedure to detect colour differences in off-white fabric

specimens when panelists are allowed to manipulate the specimens.



Research Questions

The following three research questions were formulated for this study:

1. Does a change in the colour difference value of adjacent specimens affect
the accuracy of the visual assessment in a ranking process?

2. Does a change in the number of specimens being ranked at one time affect
the accuracy of the visual assessment in a ranking process?

3. Does a panelist’s level of visual perception affect the accuracy of the visual

assessment in a ranking process?

Hypotheses

In order to answer the research questions raised for this study, three hypotheses
were proposed. They were:

Ho,: There is no difference in the strength of relationship between visual and
instrument ranking orders when the colour difference value of consecutive specimens
changes.

Ha,: The strength of relationship between visual and instrument rankings
increases as the colour difference value of consecutive specimens increases.

Ho,: There is no difference in the strength of relationship between visual and
instrument ranking orders when the number in series of specimens being ranked varies.

Ha,: The strength of relationship between visual and instrument rankings

decreases as the number in series of specimens being ranked increases.



Ho,: There is no difference in the strength of relationship between visual and
instrument ranking orders for different levels of subject’s visual perception.
Ha;: The strength of relationship between visual and instrument rankings

increases as the levels of subject’s visual perception increases.

Definitions

Only the variables or concepts under investigation will be defined.

1. Near white is any colour having a Munsell Value greater than 8.3 (luminous
reflectance 65%) and Munsell Chroma no greater than 0.5 for B hues, 0.8 for Y hues,
and 0.3 for all other hues (ASTM E 313-87).

2. Off-white is a series of colours having a Munsell Value greater than 8.0
(luminous reflectance 62.4%) and Munsell Chroma no greater than 0.5 for 5GY hues.
(The range of Yxy colour space values for the study are: Y = 62.40 to 80.30, x =
0.3120 to 0.3138, y = 0.3176 to 0.3209.)

3. Tristimulus values are the specified stimuli required to match a colour. In
the CIE system, they are assigned the symbols X, Y, and Z (ASTM E 284-91).

4. Colour difference is indicated when either an instrument or a subject detects
a change in a specimen’s hue, chroma and/or lightmess, the instrument value used in
this study is AE representing the total colour difference.

5. Level of visual perception is the measurement of a subject’s ability to

detect colour differences correctly in the near white colour space.



6. Ranking method is where a series of three or more specimens are arranged
into a deliberate order according to one specified characteristic. In this study, the
characteristic is whiteness, and specimens are arranged from the whitest to the least
white.

7. Paired comparison method determines if a colour difference can be
perceived between two specimens. If a difference is noted, the subject identifies
which specimen is the whiter of the two.

8. Ranking accuracy in this study is measured by the strength of relationship
between a subject’s ranking order and an instrument ranking for each series, calculated

by Kendall’s rank correlation coefficient, T (tau).

Limitations of the Study

1. The results of this study may be influenced by the specimen mounting
system, related to off-white colours only and associated with an artificial daylight
source.

2. The results may not be generalized beyond those female student subjects

who have taken part in the sensory evaluation.

Assumptions for the Study

1. The Hunterlab measurement can be used to determine the expected ranking

of specimens from whitest to least white.
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2. The CIELAB AE value is an appropriate measure to assess colour change in
the off-white colour space.

3. The instrument value, CIELAB AE, is more sensitive to colour change than
the human eye.

4. The off-white specimens produced for this study simulate the hues and
chroma anticipated in an experimental series of defergency evaluations.

5. Subjects will use a form of paired comparison when they are allowed to
manipulate the specimens into a rank order from the whitest to the least white.

6. Subjects favour a bluish hue in white fabric.

7. The physical and mental condition of observer, observing situation of the
testing environment, geographical location, and fashion did not influence the results of

the visual sensory evaluation on textile fabrics.
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CHAPTER 2

LITERATURE REVIEW

This chapter includes two major sections: colour measurement theory, and
applications to textile fabric whiteness. Only the fundamental theory of instrument
colour measurement and visual evaluation used in this study are discussed. The

applications cover only the located assessments of fabric whiteness.

Fundamental Theory of Colour Measurement

Theory of colour measurement is reviewed. The theory is applied to colour
systems that relate instrument measurement to visual assessment. Factors which

influence instrument measurement and visual evaluation are discussed.

Instrument Colour Measurement

This section describes trichromatic colorimetry, L, a, b colour space, colour

difference formulae, and factors influencing instrument colour measurement.

Trichromatic Colorimetry

In 1931 the Commission Internationale de I’Eclairage (CIE) introduced the
concepts of standard light sources, standard observer and method to generate

instrument data. Prior to 1931, the CIE adopted the average r, g, b values, called the
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tristimulus values representing red, green and blue primaries respectively, for a small
number of observers, as the experimental definition of the CIE 1931 Standard
Observer. The term "observer' here refers to instrument measurement (Billmeyer &
Saltzman, 1981). Experimentation confirmed that three primaries were enough to
match or to identify any colour using both positive and negative values of the
primaries.

To eliminate negative numbers within the tristimulus values, the "imaginary"
primaries X, Y, and Z were identified as the 1931 CIE Standard Observer. This is a
mathematical transformation from the original red, green, and blue primaries which no
light source can produce. When these new tristimulus values specify a textile fabric
colour, the maximum value assigned to Y is 100 which represents a perfectly
reflecting white. However, the other tristimulus values, X and Z, can be larger than
100. One would find that X exceeds 100 for a perfect white with a yellowish hue and
Z exceeds 100 for a perfect white with a bluish hue.

The CIE system plots colour on a chromaticity diagram with coordinates x and
y which are defined as:

X = X/(X+Y+Z) y = Y/(X+Y+Z).
The third dimension, Y, of the system is added by an axis rising from the illuminant
point of the chromaticity diagram to form a three-dimensional CIE system (Y, x, ¥).
The system is used to match colour; two colours match only when they have exactly
the same tristimulus values (Billmeyer & Saltzman, 1981). The CIE system does not

describe hue, chroma and value of a colour, but remains the basis of modern
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colorimetry. ASTM Designation E 313 (1987) defined the range of near white using

the CIE system. Off-white is also defined according to the CIE system.

L, a, b Colour Space

Hunter derived an opponent colour coordinate (L, a, b) measurement system
where the "L" axis measures the specimen’s lightness and varies from 100 for perfect
white to zero for black, "a" measures the red-green complementary hues, and "b"
measures the yellow-blue complementary hues (Hunter, 1975). This was a nonlinear
transformation based on the CIE 1931 tristimulus values using the CIE standard
illuminant C. Hunter’s L, a, b system is probably the most widely used of all colour
spaces except for the 1931 CIE Y, x, y system (Billmeyer & Saltzman, 1981).

The 1976 CIE L* a* b* colour space, a cube-root transformation to CIE 1931
tristimulus values, was officially recommended by CIE in 1976 and has been used
mainly in the paint, plastic, paper and textile industries (Robertson, 1986). The
CIELAB colour measurement system calculated the L* a* b* opponent-colour scales
by applying a cube-root transformation to the CIE 1931 tristimulus values (ASTM E
284-91). These L* a* b* values describe a colour space related to lightness, redness-

greenness and yellowness-blueness, respectively, of a specimen.
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Colour Difference Formulae

Colour differences including both colour change and staining can be
determined by instrument measurement or calculation (Stearns, 1974). Many colour
difference formulae have been proposed over the years. Hoban (1981) indicated that
the correlations between calculated values and visual colour differences were between
0.6 and 0.7 for the "better formulae." The 1976 CIELAB equations fall within this
correlation range, and they were recommended by standards organizations such as

ASTM (1989) and AATCC (1985) to promote consistency in colour communication.

Factors Influencing Instrument Colour Measurement

The precision of instrument colour measurement is affected by many factors.
These are:

(a) differences between instruments (Hunter, 1961);

(b) reliability of the instrument (Harold, 1987);

(¢) cleanliness of optical and electronic systems (Clemson Conference, 1990);

(d) accuracy of calibration (Hoban, 1981; Clemson Conference, 1990);

(e) electronic instability (Hoban, 1981),

(f) specimen presentation techniques (Clemson Conference, 1990);

(g) structure of fabric (Hunter, 1961; Stearns, 1974; Billmeyer & Saltzman,

1981; Clemson Conference, 1990).
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Hoban (1981) and Harold (cited in Clemson Conference, 1990) both mentioned
that maccurate calibrations will lead to software errors. Hoban (1981) showed that
instrument drift existed in the colour measurement due to electronic instability. This
drift could not be corrected by data manipulation, and researchers must accept wider
tolerances than they would desire. More recent research determined that re-calibration
of modern solid-state instrumentation needs to be carried out only once or perhaps
twice a day. This conclusion was confirmed by analyzing data continuously
throughout the day and by demonstrating that the calibration L* values from Munsell
value cards remained almost constant during the experiment (Palmetto Section, 1988).

In addition to colour, the texture, gloss and transparency of fabrics affect
colour measurement. According to Stearns (1974), the observed colour was influenced
by texture because of the variations produced by the geometry of illumination and
viewing. Gloss influenced observed colour because light reflected from a coloured
surface was different from that reflected from the dyes within the fibres. Finally,
observed colour of transparent specimens was affected by the light reflected off the
background colour.

Specimen presentation and variations within a presentation technique may
create errors in colour measurement; written instructions could minimize variability in
instrument or visual colour measurement (Clemson Conference, 1990). Hunter (1961),
Matthews (1968), Stearns (1974), Billmeyer and Saltzman (1981) and Harold (1987)
emphasized that specimen selection, physical dimensions, specimen preparation,

specimen mounting, and specimen orientation should be closely controlled. The type
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of instrument illumination, viewing condition, and operator technique have also
influenced the colorimetric results.

Test specimens should be opaque to the instrument detector which could
require multiple layers of fabric (AATCC Test Method 153-85). The instrument
assessment should distinguish no change in reflectance if fabric layers were increased.
The specimen dimensions must cover the measuring port or the measuring beam.

In general, textile materials are not opaque. Black backing panels may lower
the instrument reflectance values whereas white backings may increase the reflectance
values. The black backing surface absorbs the light transmitted through the specimen,
while the white one reflects light back through the specimen. For visual assessment,
the standard method (ASTM D 1729-89) suggested that the backing and surrounding
area should have a neutral colour with a Munsell chroma value less than 0.3. This
method did not recommend any procedure (e.g., increasing the number of layers) to
overcome the backing influence.

Matthews (1968) proposed that each specimen should be measured in four
different areas, and that the specimen and reference should be protected in a dark
place when they are not being tested. AATCC (Test Method 153-85) specified that at
least two measurements should be made on each specimen; whereas, ASTM (D 2244-
89) recommended a minimum of three test areas on each specimen. Hoban ( 1981)
reported that some fabrics were highly dependent on their testing orientation and
suggested that colour measurement of a given specimen area could be improved by

averaging readings which have been recorded at 90 degrees to one another.
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Visual Evaluation

Visual evaluation is one kind of sensory evaluation. When conducting sensory
evaluation, the researcher assesses some factor effect, which could be a measurement
approach (e.g., the number of specimens being evaluated) or an ingredient change
(e.g., the degree of colour difference). Methods such as paired comparison, triangle
test, scaling and ranking, can be used to solve different sensory problems. The most
commonly used methods for visual whiteness evaluation in textiles are ranking and

paired comparisons.

Ranking Method

When ranking, a series of three or more specimens are arranged in a deliberate
order according to one specific characteristic. Ranking is rapid and can be used to test
several specimens at one time. Specimens are evaluated only in relation to each other
(Larmond, 1977).

A series of specimens should be presented in a random order, in which the
altribute being tested is present in different levels and covers the range of interest.
Rank orders cannot be used directly as a measure of intensity; however, they are
amenable to significance tests. A minimum of eight panelists should be used with
ranking procedures in sensory evaluations. If 16 or more were used, discrimination of

the attribute under consideration would be improved (Meilgaard et al., 1987).
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Several researchers applied the ranking method to assess fabric whiteness.
Furry et al. (1961) compared visual ranking results to "b" opponent colour data and
reported a "good" agreement between visual rankings and instrument readings. Rhode
Island Section (1966) also reported quite a "good™ agreement between visual and
instrument rankings when ranking 10 specimens, but did not provide numerical data to
support what is a "good" agreement. Rank-order correlation coefficients ranging from
0.56 to 1.00 were reported by Warfield and Hardin (1981); three of the four panelists
reported correct responses for each of the rankings when 10 specimens were used.
The ranking devised by Pelton (1989) showed statistically significant agreement
among panelists’ ranking of eight specimens, but no instrument data was reported in

the research.

Paired Comparisons

The paired comparison test is one of the most frequently used attribute
difference tests in sensory evaluation. In this test, panelists identify which of the two
specimens has a more intensive attribute or which specimen is preferred. The
specimen pairs can be presented simultaneously or sequentially to the panelists.
Randomization should be considered in both the simultaneous and sequential
approaches. The number of correct responses can be counted in the direction of
interest. For instance, the percentage of correct responses for a whiter specimen can
be counted and then analyzed statisticaily. Research reported that 15 or more panelists

are enough for statistical analyses (Galbraith et al., 1987; Meilgaard et al., 1987).
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A paired comparison method was used by Coppock (1965). The visual
cvaluation illustrated "excellent” agreement with the measured whiteness values.
Morris (1970) found correlations between rank orders generated by visual paired
compatisons and instrument readings in the range of £ = 0.58 to £ = 0.89 when
comparing visual evaluation to Rd measurements. When visual evaluation was
compared to b values, £ ranged from -0.55 to -0.89. White, Prato, and Morris (1984)
did not report any correlations of visual and instrument assessment. Galbraith et al.
(1987) correlated visual paired comparison on whiteness of 39 specimens to AE
readings and reported correlations above -0.90 when AE varied from 0.4 to 17.6. Kim,
Smith, and Spivak (1987) summarized visual paired comparison results and instrument
measurements. However, no correlation between the visual and instrument values was

calculated.

Factors Influencing Visual Colour Evaluation

Several factors may influence the results and interpretations of visual colour
evaluation. These are:

(a) the gloss and texture of a surface (Stearns, 1974);

(b) degree of surface contamination (Meilgaard et al., 1987),);

(c) the relative sizes of contrasting colour areas (Burnham, Onley, and Witzel,
1970);

(d) the influences from adjoining or background colour (Bilimeyer &

Saltzman, 1981);
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(e) the consistency of responses from panelists (Meilgaard et al., 1987);

(f) colour difference thresholds among panelists (Stearns, 1974; Meilgaard et
al., 1987);

(g) colour vision deficiencies (Meilgaard et al., 1987);

(h) visual evaluation process (O’Mahony, 1986; Meilgaard et al., 1987).

In visual assessments, Burnham et al. (1970) found that placing specimens
closer together magnified the contrast effect and the resulting colour difference.
Galbraith et al. (1987) stated that consumers were more sensitive to increases in
yellow discolouration of white fabrics than they were to greying.

Coppock (1965) reported gender difference in colour perception and illustrated
that women were more precise in their evaluations, and more aware of whiteness
differences than men. Warfield and Hardin (1981) indicated that visual perception
varied from panelist to panelist.

Meilgaard et al. (1987) suggested that a prescreening of panelists would
improve a panel’s ability to detect small differences in the attribute. Panelists should
receive written instructions before commencing the tests so that they would understand
the procedures and could recognize the important differences of the attribute under
investigation.

Keesee and Harold (cited in Clemson Conference, 1990) indicated that
temperature, moisture and aging of textiles could influence the results in colour

measurement. Coppock (1965) suggested that observer, observing situation,
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geographical location, and fashion were variables which could influence the results of
the visual sensory evaluation on textile fabrics.

According to Meilgaard et al. (1987), one should control the handling,
preparation and presentation of each specimen so that the procedure did not introduce
extraneous cffects and conceal unknown factor effects. One also might need to
examine all kinds of apparent unrelated influences, including physical and mental
conditions of the panelists, and the condition of the testing environment before
commencing the assessment. Sensory evaluation performed by large panels has been
valuable in predicting consumer reactions (Larmond, 1977).

Mental fatigue has limited the number of multiple sensory assessments
attempted at one time. To avoid this fatigue, Coppock (1965) suggested that each

evaluation session should be limited to 15 minutes or less.

Applications to Textile Fabric Whiteness

Colour difference can be measured by both instrument and visual sensory
techniques. Regardless of the technique used, colour difference measurement can be
divided into examination and assessment phases (Billmeyer & Saltzman, 1981). The
examination phase requires a source of light, a standard versus the objective being
measured, and a detector (visual or instrument). The assessment of colour differences
requires the researcher to decide whether a difference exists, to describe the difference,

or to determine whether the difference is acceptable.
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In textiles, a number of researchers have investigated fabric whiteness. Some
have compared instrument measurements with visual evaluations as illustrated in Table
1. Table 1 also summarizes the types of instrument readings and sensory evaluation
techniques used to measure colour, colour differences and colour changes in white
textile fabrics over the past 30 years. Researchers (Coppock, 1965; Galbraith et al.,
1987, Morris, 1970; Rhode Island Section, 1966; Warfield & Hardin, 1981) have
correlated visual evaluation with instrument measurement and the comparisons were
reported as "satisfactory" in the studies. Table 1 demonstrates that the total colour
difference value AE was used; but the values were calculated by different formulae.
For instance, Rhode Island Section (1966) compared MacAdam AE to ranking results
and Galbraith et al. (1987) compared CIELAB AE to paired comparison.

A summary of instrument and visual assessments is found in Appendix 1. The
majority of researchers did not indicate the number of specimen layers which they had
used. For visual evaluation, different light sources and viewing conditions were
applied. Different layers and physical dimensions of specimens were viewed by
different numbers of trained or untrained panelists. This review of literature showed

little consistency in experimental procedures used by different researchers.
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Umber (1991)

Table 1
Summary of Selected Research on Whiteness Measurement
Researcher Topic Instrument Visual
readings assessment
Fuiry, Bensing Colour effect in Hunter Ranking
& Johnson (1961) near white fabric Rd,a &b
Coppock (1965) Whiteness scale Purity Paired
Brightness comparison
Rhode Island Whiteness of MacAdam unit Ranking
Section (1966) fluorescent AC, AL & AE
brighteners
Morris (1970) Laundering cotton Rd&b Paired
fabrics comparison
Carver & Fabric whiteness L, a, bAE & W
Wylie (1980)
Warfield & Fabric whiteness Rd Ranking
Hardin (1981)
Morris & Soil removatl CIELAB
Prato (1982) AE & YI
Pack (1983) Soil removal Reflectance
Change
White, Prato & Home laundering Rd, AE (CIE), Paired
Morris (1984) WI & YI comparison
Morris & Soil removal Rd,a, b
Prato(1985) & WI
. Wilcock & Van Laundering L,a&b
Delden (1985) performance
Galbraith, Perception of CIELAB AE Paired
Swartzlander & colour changes & FMC 2AE comparison
Hardin (1987)
Kim, Smith & Comparative study 1,a, b, Paired
Spivak (1987) on detergents Y & WI comparison
Wilson (1987) Fabric whiteness Paired
comparison
Lovingood, Wood- Performance of AE, L,
ard & Leech (1989)  laundry detergents a&b
Pelton (1989) Laundry detergent Ranking
effectiveness
Brown, Cameron, Washing WI
Meyer & Quality
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CHAPTER 3

METHOD

This chapter describes the procedures performed for the preliminary work,
specimen preparation, selection of subjects for visual evaluation, and the experimental
design used in the research. A summary of the activities is provided at the end of the

chapter. The Statistical Analysis System (SAS) was used to analyze the data.

Preliminary Work

Before the research questions could be addressed, several procedures needed to
be pretested in establishing the reliability (drift, precision and accuracy) of the
instrument readings. The instrument’s ability to detect minute colour differences in
whiteness was also identified. A computer program was developed to replace the
conventional method of collecting colorimetric instrument readings. The computer
program minimized data collection time, facilitated data handling, reduced specimen

contamination and minimized error resulting from the light source aging.

Instrument Reliability

The study required a series of reliable instrument reference measurements from
the Hunterlab colorimeter (Model D25M - 9). According to the Hunterlab manual,

drift and precision are determined by measuring the deviations from the standard white
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tile. The standard for drift must be less than + 0.1 Hunter L, a, or b units in one hour
or 0.3 in three hours. Precision must have standard deviations of 0.1 or less for the
Hunter L, a, and b readings. The accuracy calculation of the instrument involving all
six standard tiles must be less than 0.7 root mean square deviation units (Hunterlab
Manual). Preliminary tests showed that the Hunterlab colorimeter met these
specifications. Details of the tests are included in Appendix B.

No information about the reliability of CIELAB AE measurement could be
located. Because the threshold test and the visual ranking evaluation required the
CIELAB AE measurement, the researcher assumed that if the Hunter L, a and b values
satisfied the reliability specifications, then the CIELAB AE measurement (Table B-1)
would also be reliable because Hunter L, a, b and CIELAB AE are calculated from

tristimulus values X, Y, and Z.

Computer Program for Instrument Data

A computer program (Appendix C) was derived from the AATCC Test Method
173-89 to calculate all necessary colour space values from the CIE tristimulus values
X, Y, and Z. The values computed from X, Y, and Z included L, a, b, L*, a*, b¥, AE
(CIE), AL (CIE), AH (CIE), AC (CIE), x, and y. The researcher checked the accuracy
of these values by comparing them to those recorded from the Hunterlab instrument
for each of the six standard tiles (Table C-1).

Each value had a specific purpose. Hunter L, a, and b values determined the

instrument reliability throughout the specimen measurement. CIE Y, x, and y values
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verified that the dyed specimens fell within the defined off-white colour space.
CIELAB L*, a* and b* values assisted in the selection of specimens for the threshold
and ranking procedures. The CIELAB AE values identified the colour differences
between consecutive specimens, which were used later to select specimens for the
visual threshold and ranking assessments. The differences in lightness, chroma, and
hue were assessed by AL, AC, and AH to meet the criteria of specimen selection for

the ranking tests.

Specimen Preparation for Visual Evaluation

This section describes specimen development which includes dyeing, mounting,
measurement and selection of specimens for both the threshold and ranking
experiments. All specimens were taken from a bleached mercerized cotton fabric,
Type W405, supplied by Testfabrics, Middlesex, New Jersey. The fabric structural
specifications were:

Fibre content: 100% cotton

Fabric structure: plain weave

Fabric count:  warp: 20.3/cm, weft: 19.8/cm
Mass: 156.6 g/m?

Specimens were cut into rectangular shapes with the long side representing the
warp direction. The bevelled-cut in the top right corner identified the designated face

of the fabric. Raw edges were overlocked to prevent yarns from fraying during wet
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processing. All specimens were prewashed in an Atlas launder-ometer with distilled

water, using the temperature and time required for the dyeing procedure.

Specimen Dveing

The goal of the dyeing experiment was to produce a series of fabrics varying in
their degree of whiteness but having the same hue. These fabrics were then used to
investigate the accuracy of the ranking procedure. Controlling colour difference (AE)
in whiteness by dyeing meant that all the colour components AL, AC, and AH were
controlled. However, the researcher wanted a smaller tolerance level in the hue than
in lightness and chroma because the human eye had higher sensitivity to changes in
hue (Harold, 1987). If the CIELAB co-ordinates a*, and b* for a dyeing series form a
straight line and this line passes through the origin, the specimen series has the same
hue (Broadbent, personal communication, June, 1992). Hue could be controlled by
manipulating the dyestuff mixture.

Mixtures of red, yellow and blue reactive dyestuffs at various concentrations
created a series of specimens which varied from a yellowish white to a bluish white.
Each concentration was diluted ten times to create a specimen series in which each
consecutive specimen had an increased AE from the undyed reference specimen. All
dyeings were carried out in the Atlas launder-ometer using procedures recommended
for reactive dyestuffs. Details of the dyeing are included in Appendix D. This dyeing
technique generated off-white fabric specimens similar to those reported in Warfield

and Hardin (1981) in which colour differences between specimens were controlled.
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Specimen Mounting

To eliminate the backing influences for both instrument measurement and
visual evaluation, a procedure similar to that outlined in AATCC Test Method 153-85
was followed. Specimens had to be mounted in such a way that they were opaque;
otherwise, light would be transmitted through textile fabrics and reflect off either the
instrument backing tile or the viewing cabinet surface. The texture and colour of these
two backing surfaces were different and could influence the results (Cutler & Davis,
1972).

The washed, undyed standard fabric (W405) was used for this exercise. A
designated specimen was always adjacent to the instrument orifice throughout all the
measurements. Specimens were added one layer at a time behind the designated
specimen up to 10 layers. The AE readings as each layer was added were generated
first with the standard white tile as backing and then with the standard black tile as
backing. The researcher stopped after the tenth layer because the AE values were very
similar regardless of the colour of the backing tile.

The reference AE was the mean value of 10 layers of specimens backed by the
white tile; it was given a value of zero. The AE values for the other layers were
recorded in Appendix E and compared to the reference reading. The plot of AE versus
the number of layers (Figure 1) illustrated the influence of the white and black tile
backings on AE readings. Figure 1 showed that the backing influence was apparent up
to nine layers. However, backing the specimens with nine layers of fabric was

impractical because subjects would have to interchange a thick pile of specimens.
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Also, in the given time frame, the researcher would not be able to produce nine or
more replicas with the same CIE X, Y, and Z readings for each specimen. As an
alternative, the researcher adapted the mounting system reported in Vanderhoeven’s
study (1992). Specimens were mounted on thick rigid cardboard using double-sided
carpet tapes. Each specimen cardboard system was cut to the dimension (165 mm by
90 mm) recommended for visual assessment (ASTM D 1729, 1989). This cardboard
mounting system provided the same opaque specimen for both instrument

measurement and visual evaluation.

CIE Tristimulus Measurements of Specimens

After each series of dyeing, specimens were immediately mounted and
measured. X, Y, and Z measurements were taken at three different places on each
mounted specimen, first in the warp and then in the filling direction. During these
measurements, the instrument reliability was checked every 15 minutes. If the
standard white tile L, a, and b values did not fall within the instrument specification
for drift, the data would be discarded. The instrument then would be recalibrated and
the specimens remeasured. After each set of measurement, specimens were put into
plastic bags and stored in a dark, dry place.

The instrument values could be fitted by a model involving specimen and
orientation effects, and interaction between specimen and orientation. Specifically, the
model is:

Yip = ¢ + 0 + B; + (af); + &
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where
Y. the AE of the kth area of the ith specimen and jth orientation.
j:  the grand mean.
oy the main effect of specimen i.
B; the main effect of orientation j.
(of);:  the interaction of specimen i x orientation j.
gy the experimental error.

The researcher chose the colour difference measurement (AE) over the
whiteness index (WI) because the whiteness index was limited to the near white colour
space according to the AATCC Test Method 110 and ASTM E313-87. One would
expect that the interaction between specimen and orientation would be insignificant,
and that the specimen orientation and the experimental error would have an

insignificant contribution to the total variance of the measurement.

Specimen Selection

The computer program (Appendix C) assisted in the selection of specimens.
For this study, the total colour difference between two specimens was defined as AE,
derived from the CIELAB opponent colour scales and calculated (ASTM D 2244-89)
by:
AE = [AL*? + Aa*? + Ab*?]2 (Equation 1)
AE also represented differences in lightness (L), chroma (C) and hue (H) which

were represented by:
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AE = [AL? + AC? + AH?]? (Equation 2)

Instrument values identified colour differences within each specimen and between
consecutive specimens. The criteria of specimen selection for the visual evaluation
were: (a) each specimen was compared to one common reference specimen; (b) AE
readings within each specimen should be in the range of +0.04 (instrument drift
established in Table B-1) from the average AE; (c) the nominal AE between
consecutive specimens should increase in equal increments from the whitest to the
least white for both threshold and ranking evaluations; (d) AL, AC and AH between
consecutive specimens were all decreasing from whitest to least white specimen for

visual ranking assessment.

Selection of Subjects

Before approaching students, approval for the study was received from the
Ethics Review Committee (Appendix F). Female students enrolled in the Faculty of
Human Ecology at the University of Manitoba during the 1993 winter semester were
invited by letter (Appendix F) to form the required panels. Female subjects were
chosen because they tend to have more sensitive visual perception in whiteness than
do males (Coppock, 1965).

The letter outlined the requirements and duties for subjects and the time
commitment. Students who agreed to participate in the study returned the signed
consent form (Appendix F) and made appointments with the researcher to conduct the

first of five testing sessions.
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Visual Evaluation Sessions

The visual evaluation consisted of five sessions. Table 2 summarizes the

activities in each session.

Table 2

Summary of Visual Testing

Session  Activities AE Number of specimens

1 Pseudo-isochromatic Plates
3 threshold tests

2 2 threshold tests
Completed questionnaire

Ranking tests (vertical) AE, .. 3,6,9, 12
3 Ranking tests (vertical) AE .. AE,_ . 3,6,9,12
4 Ranking tests (horizontal)  AE,;, AE_,, AE,_ 3,12
5 Ranking tests (horizontal) AE, ., AE, .., AE,__ 6, 9

The first session screened out subjects who might have visual colour
deficiencies by asking them to view a number of Pseudo-isochromatic Plates. The
Pseudo-isochromatic Colour Test required the subjects to respond to 46 alpha or
numerical motives embedded in different coloured patterns. The test assessed the
presence of visual colour deficiencies in the red-green and/or the yellow-blue hues.
Subjects were aware that they might participate in one or five testing sessions. Those

who were screened out after the first session would not be informed of their visual
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colour deficiencies unless they asked the researcher. Only then would the researcher
identify the reason.

Subjects who correctly identified all the characters in the Pseudo-isochromatic
Plates proceeded to the next session. The subjects came to the laboratory at the
appointed time to assess colour differences in the off-white colour space by paired
comparison and ranking methods. Subjects completed a brief background information
questionnaire (Appendix F) which the researcher later used to describe the
characteristics of subjects. Although this subject selection technique produced a
convenience sample, the students who agreed to participate were randomly assigned to
their visual threshold and ranking tasks.

Total confidentiality of results was assured by the researcher. Data were coded
for analyses and no identification of individual subjects was possible. Only the
researcher had access to the subjects’ names and coding sheets as they were stored in
a private location. When the study was completed, all records of subjects’ names,

telephone numbers, and addresses were destroyed.

Experimental Design

This section describes the randomized complete block design used in the
ranking test, visual ranking protocol, and summary of the method. The dependent
variable in this study was the subject’s visual rank order. The independent variables
were the number of specimens within the ranking series and the AE between

consecutive specimens. A separate experiment was done on the level of visual
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perception. The fabric source, the specimen mounting system, the working range in

colour space, and the viewing condition were held constant.

Randomized Complete Block Design for Ranking

To investigate the effects of AE between consecutive specimens and the
number of specimens on visual rank order, a randomized complete block design was

used (Meilgaard et al., 1987). A randomized complete block design is of the form:

Factor
Block 1 2 3 ] k
] XI i X2 X 13 X1 j Xk
2 X21 X22 X23 X2j X2k
3 Xy Xs Xy X3j ). o
1 Xll XJ2 Xi3 Xl_; Xlk
b Xy Xis X ij Xk

In this study, subjects were the blocks. Each subject evaluated all the
specimens by ranking. Xj; represented the relationship between subjects’ rankings and
expected (instrument) rankings, defined by Kendall’s Tau value of the subject i under

the given factor j.



35

Factors for the Experimental Design

The model proposed to address the first two research questions can be
illustrated by the following diagram. The two factors in this model were AE between
consecutive specimens and the number of specimens being ranked at one time.

The first factor depended on the range of AE values established by the
subjects’ visual threshold test (AE, , AE,_ ., and AE,_ respectively). The values of
AE,;, AE,., and AE, were kept constant for every subject throughout the ranking

Number of Colour Difference
Specimens AE AE .4 AE, ..

12

test. The researcher determined the number of specimens to be 3, 6, 9, or 12.
Therefore, a treatment was one AE-number of specimens combination in each cell.

The experiment was done two times, once "vertically", and then "horizontally".

Visual Threshold of Colour Difference

Visual threshold was defined as the smallest colour difference which the eye

could detect in the near white colour space. The threshold test determined the AE
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values to be used as a factor in the experimental design. The results were also used to
assist in the analysis of the ranking process. The development of the threshold test
involved a pretest and the final test.

Threshold pretest. The pretest was carried out over a one-week period with six

subjects who were not part of the final panel. During the first exercise, subjects
observed specimen pairs and were asked to identify the whiter of two specimens
without moving them. In another exercise, they were asked to identify colour
differences (yellowish or bluish white) between pairs of specimen and were
encouraged to interchange the positions of the specimens on the viewing board.

When subjects perceived a colour difference in the first exercise, the researcher
asked the subjects to identify which of the two was whiter to confirm that the subjects
were not guessing in the pretest. However, the researcher observed that the subjects
had difficulty in identifying which was whiter. When subjects were asked to
determine which was the whiter of the two specimens, they could have been
responding differently to changes in AL, AC, and AH. By comparing subjects’
responses to AE readings, it was not surprising that many mismatches were observed
because AE was a function of AL, AC, and AH. Hunter (1961) reported that people
preferred yellowish or bluish white over pinkish or greenish ones. Hunter (1961) also
suggested that bluish white was preferred over yellowish white. The specimens used
in the threshold test are along yellowish-bluish continumn, which was established by
CIELAB a* and b* coordinates. The question "which of the two specimens is whiter"

allowed subjects to choose either a yellowish or a bluish specimen. The question
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"which one appears yellowish or bluish white" gave the same hue orientation as the
dyed specimen used. Therefore, the revised question was more effective than the first
one in identifying subjects’ ability to detect a difference in threshold test which
corresponded to the AE instrument readings.

Another purpose of the pretest was to determine the specimen handling
technique. Rhode Island Section (1966) suggested that panelists be allowed to
manipulate the specimens in a paired comparison test. However, the paired
comparison method reported by a Canadian detergent manufacturer (B. Shantz,
personal communication, 1991) did not allow panelists to touch the specimens.
Research comparing the two specimen handling techniques has not been located.

Figure 2 showed that when subjects were asked to identify the whiter of the
two specimens and were not allowed to interchange the position of the specimens, they
could only reproduce consistent correct responses when AE was equal to or greater
than 1.0 £ 0.04. However, subjects correctly and consistently identified colour
differences greater than 0.4 + 0.04 when they were allowed to interchange the position
of specimen pairs. The researcher concluded that interchanging the specimen positions
improved the accuracy of the visual threshold in the near white colour space. The
researcher also noted that the ranking protocol required a similar interchange or
manipulation of adjacent specimens.

Final threshold test. To avoid fatigue, the threshold test was repeated five

times over two sessions. In the first session, subjects repeated the threshold test three

times and twice again in the second session. Each time, the specimens were presented
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in a random order.

In the visual threshold test, the paired comparison method was used. The
subjects read the instructions (Appendix G) for the threshold test and were asked if
they understood the directions before commencing the test. Specimen pairs were
placed flat, side by side, on the viewing board under Macbeth. Subjects evaluated the
colour differences of the specimen pairs at arm’s length. The day-light-source
illumination from the Macbeth was directly above the specimen area, and the viewing
angle was about 45° from the perpendicular. Both the researcher and subject wore
white lab coats to minimize light reflection from cloth and gloves to prevent
contamination from their hands. All other lights in the laboratory were switched off.

Specimen pairs were presented to each subject independently in a random
order. Subjects did not know that the series had a fixed reference specimen, which
eliminated an expectation error (Meilgaard et al, 1987). Subjects were asked the
question "Can you see a colour difference between these specimens?" When the
answer was ''yes", the subject was then asked "Which one appears yellowish or bluish
white?"" The researcher recorded the results as "v" (meaning "correct") when the
answer was the same as that from instrument measurement. If the panelist gave a
different response from the instrument measurement, or remained undecided over 10
seconds, the result was recorded as "-" (no difference being identified) by the
researcher.

The responses from each subject and from the panel were compared with the

expected CIELAB AE values. The proportion of correct responses determined the
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AE,s and AE,  values for the first factor. The derivation of AE ., AE. . and AE

min? med? max

will be explained in the next chapter,

Visual Ranking Protocol

The visual ranking was done over four sessions, two for vertical data
collection, and another two for horizontal data collection (Table 2). Before
commencing the ranking test, each panelist read the instructions (Appendix G) and
was asked if they understood their tasks. Specimen series were presented to panelists
in different random orders. The specimens were placed flat side by side on the
Macbeth viewing booth, and the rankings were made under the day-light-source
illumination at arm’s length by subjects. All other lights in the laboratory were turned
off during the test. The illumination of day-light-source from the Macbeth was
directly above the specimen area and the viewing angle was approximately 45° from
the perpendicular. IHluminant C was used in both instrument and visual conditions as
the light source. Both the researcher and the panelist wore white lab coats and gloves.
The instrument rank orders were marked at the back of each specimen and were

invisible to panelists.

Data Analysis

The visual rankings produced ordinal measurements that required

nonparametric statistical analyses. To analyze the effects of AE between consecutive
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specimens and the number of specimens on visual rank order, Kendall’s Tau
correlation coefficient (t) for ranking was calculated to determine the accuracy of a
subject’s ranking against an expected ranking (from instrument measurement) for each
series. The ranking accuracy was defined previously under definitions. Page’s test
(Daniel, 1978) was used (o test the first two hypotheses proposed for this study.
Page’s test would determine if a trend existed for the factor effects.

In this chapter, the researcher described the procedures for assessing reliability
of the Hunterlab. The process of generating several colour space values that were
critical for the visual ranking experiment was also described. Then, the researcher
accounted for the steps in preparing the specimens, how the final specimens were
selected, and how the subjects were recruited. The experimental design for the
ranking tests was explained. Finally, Table 3 summarizes the chronological order for

the experiments involved in this research.

Table 3

Chronology of Experiments

Sequence Experiments Sequence Experiments

1 Instrument reliability 5 Selection of subjects

2 Computer programming 6 Visual threshold tests

3 Specimen dyeing & measurement 7 Specimen selection for rank

4 Specimen selection for threshold Test 8 Visual ranking tests
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CHAPTER 4

RESULTS AND DISCUSSION

This chapter presents the results in four sections: specimen preparation,

subjects, the threshold test, and the ranking test.

Specimen Preparation

This specimen preparation section reports the results from the specimen dyeing

experiment, and CIE tristimulus measurements of dyed specimens.

Specimen Dyeing

The standard fabric (Type W405) was dyed using the procedure outlined in
Appendix D with various mixtures of red, yellow, and blue reactive dyestuffs (Table
4) to create series of specimens which varied from the whitest to the least white.

Each mixture used a dyestuff concentration of 0.032 g/1000 ml. The mixture
proportion determined the hue. The procedure produced a series of ten dilutions
(50:50) from the given dyestuff mixture to vary whiteness.

After the first series D-1 had been dyed, the CIELAB values L*, a*, b* and AE
were measured using a single specimen layer and the standard white tile as the
backing. The a* and b* coordinates were then plotted on the graph (Figure 3). The

a* axis represented the red (+) and green (-) opponent colour scales, and b*
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Table 4

Selection of Dyestuff Mixture to Produce Specimens With Identical Hue

Dyestuff proportion

Dyeing

code Red Blue Yellow
D-1 | 1 I
D-2 [ 1 2
D-3 1 0.5 3
D-4 1 1 3
D-5 0.5 1 3
D-6 0.5 [ 2
D-7 0.25 1 2

axis represented the yellow (+) and blue (-) opponent colour scales. The dyestuff
mixture for D-2 was based on the results from D-1 with the objective of producing
specimen readings that pass through the origin. This dyeing exercise produced seven
different specimen series which were plotted in Figure 3.

Figure 3 shows that the dyestuff proportions in Dyeing 3 and Dyeing 5
(corresponding to D-3 and D-5 in Table 4) produced erratic hue changes. The visual
assessment of colour difference in these series did not coincide with AE measurements.
The dyestuff proportion in D-6 (Table 4) produced the best specimen series because
even though the series did not pass through the origin, but the straight line of Dyeing
6 was very close to the origin. The proximity of Dyeing 6 to the origin meant that the
hue from dilution to dilution changed very slightly. The straight line indicated that

both the hue and chroma changes were controlled, and hue moved gradually from
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Tabie 5

Dyestuff Concentrations and Dilutions Producing Off-White Specimens

Dyestuff concentration Dyestuff dilution
g/ml
Dyeing Dyestuff Starting Dilution Number of
code weight (g)  volume (ml) proportion(%) dilutions
S-1 0.032 1000 25 10
S-2 0.056 2000 22.5 10
S-3 0.064 2000 25 10
S-4 0.100 1400 25 10
S-5 0.020 2000 18 10
S-6 0.030 1600 21.9 10
S-7 0.040 1600 21.9 10
S-8 0.050 1600 21.9 10
S-9 0.050 1600 21.9 10
S-10 0.060 1600 21.9 12

yellowish to bluish (Hunter, 1965).

The researcher compared the a* and b* values generated from the above
dyeings to those measured on a series of white fabrics which were subjected to
different washing conditions (Pelton, 1990). Pelton’s data produced a linear band
from the second quadrant through to the fourth quadrant through the origin (Figure 3).
Dyeing 6 produced a linear plot similar to this band. The dyestuff mixture from D-6
(Table 4) was then selected to generate off-white specimens for the visual sensory
threshold and ranking experiments. The researcher manipulated the dyestuff
concentration, dilution and the number of dilutions to produce specimens with varying
AE values from the washed, undyed original fabric (W405). Table 5 listed the

dyestuff concentration (g/ml), dilution proportion and the number of dilutions which
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were applied to the D-6 mixture (Table 4) using the dyeing procedure in Appendix D

to create 102 off-white specimens.

CIE Tristimulus Measurements of Dyed Specimens

X, Y, and Z measurements were taken from three different places on each
mounted specimen, first in the warp and then in the filling direction. The CIE
tristimulus X, Y, and Z measurements for each dye series in Table 5 took
approximately 40 minutes to complete. Instrument drift was checked periodically
using the standard white tile procedures described in Appendix B, The computer
program (Appendix C) generated the 13 instrument values L*, a*, b*, AE (CIE), AL
(CIE), AC (CIE), AH (CIE), L, a, b, Y, x, and y for each measurements. In total,
7,956 values were produced (102 x 6 x 13 = 7956).

The CIELAB a* and b* values for the 102 mounted specimens suggested that
the dyeing procedure controlled hue, and chroma. In Figure 4, the points scattered
above and to the right of the origin indicated that the specimens were not of the same
hue. However, when a* and b* values from Figure 4 were compared to those from D-
6 in Figure 3, the dyeing procedure did control the hue, and chroma, and the mounted

specimens had similar hues and chroma to the preliminary dyeing D-6.
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Subjects

One hundred twenty six letters of invitation were distributed to Human Ecology
students. Thirty-five students agreed to participate in the study; nine students
withdrew from the study at various stages. The final sample consisted of 24 subjects.
Galbraith et al. (1987) suggested that a panel of 15 was large enough to produce a
valid assessment in visual textile evaluations. Therefore, the data collected from 24
female subjects were assumed to be adequate for this study.

The subjects, from the Clothing and Textiles Department, ranged in age from
21 to 25. The majority had taken at least three textile science courses, and were
responsible for doing their own laundry. All paid special attention to colour when
purchasing clothes. Most of the subjects purchased predominantly white apparel items

in the six months prior to participation in the study.

The Threshold Test

The purpose of the threshold test was to establish the AE values for the colour
difference factor in the experimental design. Before the threshold test was carried out,

the specimens had to be selected from the pool of 102 dyed specimens.

Specimen Selection

For the threshold test, the researcher was interested only in the total colour

difference value AE. The following criteria were used for selecting specimens: (a)
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each specimen was from the near white colour space; (b) each was compared to one
common reference specimen; (c) the variation of AE within each specimen was chose
to be less than + 0.04 from the calculated average; (d) difference in AE between
consecutive specimens was 0.1,

From textile standards (AATCC Evaluation Procedure 1, 1987) and Hunterlab
manual, one would anticipate that the smallest detectable colour difference in near
white would be approximately 0.2 AE units. Preliminary threshold testing
demonstrated that 1.0 AE unit might be the upper threshold limit for some student
subjects to detect the colour differences between textile fabrics. The smallest
detectable colour difference (4-5) for the grey scale to colour change corresponded to
0.8 0.2 AE units giving a colour difference range from 0.6 to 1.0 AE units (AATCC
Evaluation Procedure 1, 1987). Stearns (1974) and Crown (1978) also indicated that
the threshold could vary from subject to subject.

Using the criteria above, and the threshold pretest results, twelve specimens
were selected where the nominal AE ranged from 0.1 to 1.2 units. The reference
specimen had instrument values of L* = 91.00, a* = -0.04, and b* = 1.84. The
computer program was used for specimen selection. Figure 5 showed the plot of the
AE range for the 12 specimens. The AE ranges for consecutive specimens

demonstrated no overlap (Appendix H).



50

159} PIOYSoN 9 Ioy suowroads pajoofas Jo aSuer gy T oINSLY

cl

IsqunN 9po)) usureds

kL. 0L 6 8 L 9

1 ] ) ! 1 !

g 14 € G

i | ! |

d v 98eIoAy .

H Bo( Jo o5uey H

b—tdq

[
b+4—d

1°0 = Juswanu] J e

- 10
KAY
-&°0
-0
AY
-9'0
ALY
-80
-6°0

- L

-¢l

JUSUISINSEAIA] F B[



51

Visual Threshold of Colour Difference

When subjects were asked to detect colour differences between pairs of
specimen, their responses were compared to the nominal AE values. Figure 6
illustrated the correct responses of the five comparisons for each nominal AE by 24
subjects in threshold test. The data are listed in Appendix H. No subjects had any
error when the colour differences were greater than 0.5 AE units. Therefore, the
researcher decided that AE,;,, AE,_,, and AE,___ should centre around the 0.5 AE
values. Consequently, the AE_, was assigned a value of 0.5. For AE ;.. the value of
0.2 was assigned because according to the Hunter manual, 0.2 AE was the smallest
detectable difference possible by the human eye. A value of 0.8 was assigned to
AE,,, because the researcher had a criterion of equal increments between cach AE
factor selected. The 0.8 AE also corresponded to the AATCC colour change grey
scale 4-5 (AATCC Evaluation Procedure 1, 1987).

The researcher observed that percentage of correct response increased as AE
increased. However, as Figure 6 has illustrated, subjects had difficulty identifying
colour difference of 0.3 AE. To ascertain why the specimen with 0.3 AE caused
problems, the researcher plotted AE, AL, AC, and AH of all 12 specimens. Figure 7
showed that as AE increased, AL, AC, and AH did not always decrease. In comparison
to the reference specimen, a decreasing trend for AL meant that the specimens were
getting darker; a decreasing AC signified that the specimens were getting duller, and a
decreasing AH meant that the specimens were getting bluer. A closer look at the

colorimetric measurements of the specimen with 0.3 AE revealed that its lightness and
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hue were similar to the reference specimen, but it had higher chroma value (therefore
brighter) than the reference specimen (Appendix H). The drastic change of chroma
could have influenced subjects’ responses in whiteness. These results supported the
statement by Crown (1987) that the colour components lightness, chroma, and hue
interact with each other in human visual perception. As the hue of specimen 3 was
very similar to the reference specimen, it was not surprising that subjects could not
detect any colour differences. Furthermore, because the question posed to the subjects
was "which one appears yellowish white or bluish white", the subjects might not have

seen yellow or blue hues.

The Ranking Test

The ranking test involved the selection of specimens from the pool of 102 dyed
specimens. Forty two specimens met the criteria established earlier for AL, AC, and

AH; 26 met the criteria of AE,;, = 0.2, AE_, = 0.5, and AE,,, = 0.8 for visual ranking.

Specimen Selection

One criterion was that there had to be a reference specimen. The researcher
selected the specimen with the instrument values of L* = 91.79, a* = -0.39, and b* =
2.27. Then, AE, AL, AC, and AH for each of the 102 dyed specimens were calculated
from this reference specimen. Averaged AE values were listed in ascending order

from the reference specimen. Using the AE values established in threshold test, the
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researcher looked for specimens that showed increments of 0.2, 0.5, and 0.8 AE
(Figure 8). Only the specimens in which the AE values had no overlap with values
from consecutive specimens were selected. This procedure ensured that the whiteness
level for each specimen was different from the others. Also, each specimen’s
whiteness was controlled within a small tolerance.

A two-way analysis of variance was conducted on the 42 specimens for ranking
to determine the effects of specimen, orientation, and the interaction between specimen
and orientation on AE. Each specimen had a significant contribution to the total
variance of AE measurement (F = 2009.89, p = 0.0001). The orientation effect was
not significant (F = 2.44, p = 0.1204), nor was the interaction between specimen and
orientation (F = 0.36, p = 0.9999),

The researcher selected 26 specimens for the ranking tests (Appendix I). The
AE, AL, AC, and AH of the 26 specimens were plotted in Figure 9. When using the
specimen which had the least amount of dye as the reference (specimen 1), the AE
became greater with the increments of the dyestuffs on each specimen. AL, AC, and
AH were controlled so that AL was getting darker, AC was getting duller,and AH was
getting bluer as discussed in visual threshold section; therefore, no single colour
component (AL, AC or AH) exerted any irregular influence on the visual perception of
AE. The researcher then determined the Yxy colour space values for the 26
specimens. The ranges of values were found as follows: Y = 62.40 to 80.30, x =
0.3120 to 0.3138, y = 0.3176 to 0.3209, and fell within the off-white colour as

defined for this study.
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Assessment of Visual Ranking Accuracy

Ranking was conducted under two factors using the randomized complete block
design. After subjects ranked the specimens, the researcher had to calculate Kendall’s
Tau (1) to test the first two null hypotheses. The T value between the expected
(instrument) and panelists’ rank orders was used to determine the accuracy of ranking
procedure for evaluating off-white fabrics. The % values for each subject are listed
under the AE and number of specimens factors in Tables J-1 and J-2, respectively.
Tables 6 and 7 list the median % values for the AE and number of specimen factors.
The medians, instead of the averages, were used because this was a nonparametric
analysis.

Table 6 shows that when the number of specimens were controlled median £
values increased as AE increased. However, median £ values did not decrease
consistently as the number of specimens increased when the AE values were controlled
(Table 7). When looking at the number of correct visual rankings (£ = 1.00) in each
column (Appendix J), the number of correct responses increased with increasing AE or
stayed the same when the number of specimens were held constant. Also, the number
of correct responses usually decreased with increasing number of specimens when AE
was controlled. Errors in ranking different number of specimens could have
influenced £ values. For instance, a single reversal in three specimen series brought
t value down to 0.33 while a single reversal in 12 specimen series produced  value

of 0.97.
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Table 6

Median £ Values Collected From 24 Subjects Within Fach Cell

(Ranking Done When AE Varied)

Number AE

of

specimens 0.2 0.5 0.8
3 1.00 1.00 1.00
4] 0.87 1.00 1.00
9 0.89 0.94 1.00
12 0.87 0.96 1.00

Table 7

Median £ Values Collected From 24 Subijects Within Each Cell

(Ranking Done When Number of Specimens Varied)

Number of specimens

AE

3 6 9 12
0.2 1.00 0.73 0.83 0.77
0.5 1.00 1.00 0.94 0.96
0.8 1.00 1.00 1.00 0.99

Furthermore, the £ values had to be ranked in each block under a given factor.
The rank orders and rank sums are listed in Tables J-3 and J-4 in Appendix J, then
Page’s test is applied. The lowest value in each series was assigned one and the

highest value was assigned three or four depending on the number of levels of a factor
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within each block. For the same % values in each block, the means of the rank
positions (ties) were given. Table J-3 showed that the rank sums decreased with the
increase of number of specimens when the AE values were controlled (i.e., fixed), and
the rank sums increased with the increase of AE values when the number of specimens
were fixed (Table J-4).

To answer the first research question, the null hypothesis that there is no
difference in the accuracy of the visual ranking process when the AE of consecutive
specimens changes from 0.2 to 0.8 was tested by Page’s test (vs. Ha;: The Kendall’s

Taus are ordered in the following way: 7,, < 7,5 < T,,). Table 8 shows the resuls.

Table 8

P-Values for Testing Ho, vs Ha,

(When AE Varied and Number of Specimens Was Constant)

3 6 9 12

) 0.14 0.00 0.00 0.00

Except when ranking three specimens, all p-values are smaller than 0.05.
Therefore, the null hypothesis was rejected when the number of specimens being
ranked was 6, 9, and 12, meaning that the ranking accuracy was affected by the
magnitude of AE between consecutive specimens where the number of specimens was
controlled. The researcher was able to conclude that the experimental results were
ordered as specified by the alternative hypothesis (Ha,: The Kendall’s Taus are

ordered in the following way: T,, < T, < 7,5); therefore, the correlation between
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visual and instrument ranks increased as the AE between consecutive specimens
increased.

To answer the second research question, the null hypothesis that there is no
difference in the accuracy of the visual ranking process when the number in series of
specimens being ranked varies from n = 3 to n = 12 was tested again by Page’s test
(vs. Ha,: The Kendall’s Taus are ordered in the following way: T, = 1, = T, = T,,).

Table 9 shows that all p-values are small.

Table 9

P-Values for Testing Ho, vs Ha,

(When Number of Specimens Varied and AE Was Constant)

0.2 0.5 0.8

)] 0.000 0.005 0.026

Therefore, the null hypothesis was rejected. The researcher was able to
conclude that the experimental results were ordered as specified by the alternative
hypothesis (Ha,: The Kendall’s Taus are ordered in the following way: T, > T, > T, >
T;,). This meant that the ranking accuracy was affected by the number of specimens
being ranked at one time where the AE was controlled. The correlation between visual
and instrument ranks, therefore, decreased as the number of specimens being ranked
increased.

In addition to testing the null hypotheses, the researcher was interested in

examining the relationship between the two factors. The relationship between the
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number of specimens and AE was investigated graphically. Figure 10 showed the
relationship between these two factors. Under each factor (AE, and number of
specimens), the median £ values from subjects were plotted. The median absolute
deviations were marked on each median (Figure 10). When evaluating three
specimens, the panel could make accurate rankings (£ = [.00) where the AEs between
consecutive specimens were 0.2 AE units or higher. The panel produced excellent
correlation coefficient when six specimens were ranked at one time where the AE
between consecutive specimens was equal to or higher than 0.5 AE units.

Figure 10 illustrates even though the ranking data were collected under
different factors and at different times over six weeks, the medians of # were in a
similar range. The patterns when AE is 0.5 or 0.8 are similar but somewhat different
from the pattern when AE equals 0.2. These results might be explained by the
information from the threshold test. Every subject detected differences greater than
0.5 AE units during the threshold test, while one third had difficulties detecting
differences of 0.2 AE units. Therefore, both of the detectable differences (0.5 and 0.8
AE units) generated high £ values, and 0.8 AE differences produced slightly higher
t’s than did 0.5 AE. Figure 10 also showed that the higher the AE differences, the
less variation of median %’s was observed. There were some interactions between the
two factors when less than nine specimens were ranked.

The third research question could not be addressed because there was
insufficient data to calculate the threshold responses for each panelist. The

24 subjects were then divided into three groups according to the degree of
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monotonicity for correct response curves. The groups were: (a) those whose correct
response was always increasing with the increment of AE in the threshold test, (b)
those with one drop from where the correct response should increase in the threshold
test, (c) all else (Table H-2 in Appendix H). The percentages of correct responses
were calculated for each subject from five threshold tests where AE ranged from 0.1 to
0.5 AE units. This range of AE was adopted because subjects had difficulty detecting
colour differences in this range. The degree of monofonicity represented a level of
visual perception. A relationship, therefore, between ranking accuracy and the level of
visual perception can be examined by plotting median £ ’s against percentage of
correct responses grouped according to degree of monotonicity as shown in Figure 11,
The median £’s for this plot must be selected from the 0.1 to 0.5 AE range (i.e., 0.2).
Median %’s were chosen from the ranking factor where the number of specimens was
equal to six because the subjects started to have difficulty in distinguishing the rank
order from this point. The relationship still could not be fully explored because each
group needed more subjects.

One expected that subjects with lower level of colour perception might also
have lower ranking accuracy while higher level in perception might produce higher
ranking accuracy. The plots for each group demonsirated different patterns which
suggested that the level of visual perception could have an influence on ranking

accuracy.
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CHAPTER 5

SUMMARY, CONCLUSION, AND IMPLICATIONS

Textile researchers have paid little attention (o visual ranking and its
relationship to instrument measurement in assessing fabric whiteness. This chapter
summarizes an exploratory study to examine the accuracy of a visual ranking
procedure. A series of experiments were conducted. Conclusions are drawn and
suggestions for further research are outlined. Implications for visual sensory

evaluation in product development are also discussed.

Summary

CIELAB AE is the only measurement specified in standard test methods to
assess colour difference. However, studies investigating the relationship between
CIELAB AE and visual ranking have not been located in textiles research. The
researcher, therefore, had very little information to draw upon.

The researcher investigated the accuracy of a visual ranking method to assess
colour differences in off-white fabrics under a series of controlled conditions. Ranking
accuracy was estimated by the strength of the Kendall’s Tau correlation between
visual ranking and instrument ranking of the same series of specimens. Three research
questions were proposed relating ranking accuracy to: (a) the magnitude of the colour
difference between consecutive specimens; (b) the number of specimens being ranked;

and (c) the level of subject’s visual perception.
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A series of preliminary experiments were conducted to verify the precision of
the Hunterlab and to develop a computer program generating colorimetric values, The
researcher produced a series of off-white specimens by first dyeing a standard white
fabric with a given mixture of red, blue and yellow dyestuffs at different
concentrations and dilutions. Then, the researcher selected specimens that had the
same AE values between consecutive specimens. Specimen selection was based on the
following criteria: (a) each specimen series was compared to one common reference
specimen; (b) the AE measurements for each specimen were within a +0.04 range of
the average; (c) the nominal AE measurement between consecutive specimens
increased in equal increments from the whitest to the least white specimen; (d) AL,
AC, and AH between consecutive specimens decrcased from whitest to least white,

To derive the instrument values, the researcher developed a computer program
to convert the CIE tristimulus readings X, Y, and Z into the 13 required colorimetric
values. The computer program replaced the conventional method of collecting
colorimetric instrument readings, produced values identical to each individual
instrument measurement, minimized data collection time, facilitated data handling,
reduced specimen contamination and minimized error resulting from the light source
aging.

The specimens must be opaque because a direct comparison of visual and
instrument rankings was required. The researcher adapted the mounting system

reported in Vanderhoeven’s study.
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Twenty-four female students in Clothing and Textiles from the faculty of
Human Ecology participated in the study in spring session of 1993, They were
selected after being screened for colour deficiency.

The threshold test was conducted to establish the AE values for the colour
difference factor in the ranking experiment. The AE values were determined as AE .
=02, AE,,, = 0.5, and AE_,, = 0.8. In the threshold test, the researcher found that
interchanging the specimen positions improved the sensitivity of the visual threshold in
the near white colour space.

Visual ranking data were collected using a randomized complete block design
under two factors: (a) varying AE between consecutive specimens within a given series
and (b) changing number of specimens being ranked at one time. The values 0.2, 0.5
and 0.8) for the AE factor were determined from the threshold test while the values
and the increment (3, 6, 9 and 12) for the number of specimens factor were
determined by the researcher.

The visual rankings produced ordinal measurements that required
nonparametric statistical analyses. Kendall’s Tau coefficient (t) was calculated to
determine the strength of relationship between each subject’s ranking order and the
expected ranking for each series within both factors. The expected rankings were
established from the instrument measurements.

To address the first research question, Page’s test for ordered alternatives was
used to test the null hypothesis that there was no difference in the strength of

relationship between visual and instrument ranking orders when the colour difference
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value between consecutive specimens increased from AE = 0.2 to AE = 0.8. The null
hypothesis was rejected. The researcher was able to conclude that the experimental
results were ordered as specified by the alternative hypothesis (Ha,: the strength of
relationship between visual and instrument rankings increases as the colour difference
value of consecutive specimens increases).

To address the second research question, Page’s test was also used to test the
second null hypothesis that there was no difference in the strength of relationship
between visual and instrument ranking orders when the number in series of specimens
being ranked varied from n = 3 to n = 12. This null hypothesis was also rejected.
The researcher was able to conclude that the experimental results were ordered as
specified by the alternative hypothesis (Ha,: the strength of relationship between visual
and instrument rankings decreases as the number in series of specimens being ranked
increases).

The third research question "Does a panelist’s level of perception affect ranking
accuracy?" was not addressed because there was not sufficient observations for
statistical analysis; more comparisons were needed per subject in the threshold test.
Therefore, level of colour perception could not be statistically related to ranking
accuracy. Consequently, the researcher graphically examined the relationship between
the level of colour perception and ranking accuracy. The researcher grouped correct
responses from the threshold experiment according to their degrees of monotonicity
and observed that the level of colour perception could have an influence on ranking

accuracy.
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Conclusions

Relationship Between Visual and Instrument Assessments

Although instruments generate quantitative data, they cannot totally replace
human visual responses. Hunterlab used in this study could detect minute colour
differences and generate interval data. Visual evaluation, however, can be used to
directly test subjects’ response and to help researchers interpret instrument data. The
experimental design helped to reveal some numerical relations among accuracy of
visual ranking, AE and number of specimens in this study.

The overall strength of relationship between visual and instrument rankings in
this study was fairly high. The results illustrated that the median %s for panel’s visual
ranking and standard instrument readings (AE) ranged from 0.73 to 1.00 when AE was
equal to or greater than 0.2, and when the number of specimens being ranked varied
from 3 to 12. It seems that the method of collecting the ranking data did not
influence the median % values.

Some researchers indicated that ranking was an inaccurate method to assess
whiteness while others supported it by reporting "good" correlations with instrument
measurements. From this study, the researcher found that certain ranking conditions
could produce acceptable sensory evaluations and might have potential use for visual

evaluation of fabric whiteness.
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Relationship Between Ranking Accuracy and the Two Factors

In this research, ranking accuracy increased as the AE between consecutive
specimens increased and as the number of specimens being ranked decreased. When
less than nine specimens were ranked, some interactions between the two factors were
observed. Median ¢ values of 1.00 were observed for all the rankings involving three
specimens. Also, identical £ values were observed when six or more specimens were
ranked and where the AE between consecutive specimens was equal to or greater than
0.5 AE units. The median % only dropped from 1.00 to 0.73 when AE = 0.2 and
when six or more specimens were used; therefore, the researcher questioned the
ranking accuracy where specimens with 0.2 AE units were involved.

This study supported the conclusion by Coppock (1965) that panelists were
unable to rank the specimens when the colour difference was small and the number of
specimens was excessive (30). The high correlation between instrument measurement
and visual evaluation reported by Furry et al. (1961), Rhode Island Section ( 1966), and
Warfield and Hardin (1981) might have resulted from easily detectable colour
difference and small number of specimens. The researcher could not compare the
influences on ranking accuracy from colour difference values reported from previous
research mentioned above because the values were in different unis,

The number of specimens being ranked as well as human’s ability to detect
minute colour difference influenced ranking accuracy. For example, a single reversal
in a rank order for 3, 6, 9, or 12 specimens produced % values of 0.33, 0.87, 0.94, or

0.97, respectively.
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Implications for Further Research

This research raised some further questions about ranking. The researcher,

therefore, makes some suggestions for further research.

Improvement of Threshold Test

The threshold test needs to be conducted again. The distribution of correct
responses in the threshold test of this study suggested that the visual threshold
sensitivity could be improved by allowing the panelists to manipulate the specimens
during the evaluation. To increase the precision and accuracy of observations, a
higher number of replications for each AE and each subject is required. The
researcher also suggests that larger number of screened subjects should be used in the
panel if the result from threshold test will be used to compare with that from the
ranking test again. The specimens’ AE, AL, AC, and AH may be controlled according
to the specimen criteria developed for the ranking experiments in this study. The

results with and without interchanging specimens may be compared again.

The Point at Which Ranking Accuracy Declines

Results of this research showed that ranking accuracy was lowered when AE
was 0.2 and number of specimens was greater than three. The factors AE and number
of specimens, therefore, need to be refined to reveal the point at which the ranking
accuracy begins to decline. In future research, the researcher suggests using

specimens with AE ranging from 0.1 to 0.6 with an increment of 0.1 units and that the
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number of specimens ranges from three to nine with an increment of one specimen

because the ranking accuracy was lowered in this area.

Ranking Accuracy When AE Is Not in Equal Increments

In this research, the AEs between consecutive specimens were in equal
increments. In future study, researchers may examine the effects of AE and number of
specimens on ranking accuracy when AEs are not in equal increments. Specifically,
researchers may randomly select ranking series from a pool of specimens with AEs
ranging from 0.1 to 0.6 and number of specimens ranging from three to nine. These

unequal increments are closer to the practical situation in textiles.

Comparison of Ranking and Paired Comparison Methods

In textiles research, comparison of ranking and paired comparison methods has
not been located. In this study, although both paired comparison and ranking tests
were conducted, the researcher did not compare the two methods. In this research, the
accuracy of the two methods could not be directly compared because the threshold test
produced percentage of correct responses while the ranking test generated median 1s.
The researcher, therefore, could not conclude that one method was better or more
sensitive than the other because each had different units of measurement. Accuracy of
visual and instrument assessment needs to be investigated using paired comparison and
ranking methods. The purpose is to compare the accuracy of the two methods under

the same controlled conditions.
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Benefits to Detergent Company

Two of the four Canadian detergent manufacturers contacted by the researcher
in 1991 were using both visual and instrument methods in developing their products.
This study may enhance detergent manufacturers’ understanding of the relationship
between visual and instrument methods. This study provides insights into designing
and conducting paired comparison and ranking tests, and relating instrument
measurements to visual evaluations.

The computer program derived for this study may be used by the companies
when large numbers of specimen measurements are involved. The researcher would
recommend this computer program for further studies involving colour measurement
for acceptability because the computer program calculates DEcmc, a value which the
current Hunterlab cannot generate.

Consumers of detergents expect a white textile product to retain its original
colour, Paired comparison can be used to investigate consumers’ acceptance of colour
change because the method concentrates on colour differences between original and
washed fabrics. Ranking can be used to investigate how well different detergent
formulations retain whiteness because the method concentrates on colour differences
between adjacent (washed) specimens. Detergent manufacturers may consider the
ranking method to assess what level of colour differences or changes is perceivable by

or acceptable to consumers.
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Textile Applications of Instrument Measurement

Equipment

Photoelectric colour difference metre (Furry et al., 1961)

General electric recording spectrophotometer (Model G100) (Coppock, 1965)
Large sphere signature model colour eye (Rhode Island Section, 1966)
Hunter colour and colour difference meter (Carver & Wylie, 1980)

Hunterlab D-40 reflectometer (Warfield & Hardin, 1981)

Macbeth Spectrophotometer (MS -2000 Illuminant C) (Morris & Prato, 1982)
Hunterlab D-40 reflectometer (Pack, 1983)

Spectrophotometer with illuminant C (White et al., 1984)

Hunterlab D-25 colour difference meter (Wilcock & Van Delden, 1985)
Beckman spectrophotometer and Hunterlab colour difference meter (Galbraith et al.,
1987)

Hunterlab colorimeter (Kim et al., 1987)

Hunterlab with D65 illuminant {Lovingood et al., 1989)

Specimen Discolouration
Soiled and laundered (Morris and Prato, 1982)
Soiled and laundered (Paek, 1983)
Soiled and laundered (Morris and Prato, 1985)
Soiled and laundered ((Brown et al., 1991)

Layers and/or Dimensions of Specimens
Two inches square (5.08 cm?) (Furry et al,, 1961)
Eight layers and 10 cm® (Warfield, & Hardin, 1981)
Four layers and four centimetre square (Morris & Prato, 1982)
Four layers (Paek, 1983)
Six by five inches (15.2 X 12.7 cm®) (White et al., 1984)
Two layers (Morris & Prato, 1985)
15 X 12.5 cm? (Brown et al., 1991)

Handling of Specimens
Face side and warp direction
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Textiles Applications of Visual Evaluation

Light Source
North daylight (UV + Macbeth Examolite - type C-4D-UV) (Furry et al., 1961)

Approximate daylight (Coppock, 1965)

Daylight (Macbeth Lamp model #BBX - 826 UV + Near UV} (Rhode Island Section,
1966)

North sky light (Morris, 1970)

Attificial daylight source (Kim et al., 1987)

Macbeth artificial daylight source (Wilson, 1987)

Xenon-arc light (Colour matching booth (Peiton, 1989)

Specimen Discolouration
Applying various blue, violet, green, and red pigments to shift purity and brightness
values; adding carbon black to change brightness without seriously affecting purity
(Coppock, 1965)
White cotton fabrics soiled and laundered (Morris, 1970)
White (polyester/cotton) fabric soiled and laundered; same difference between each
adjacent specimens (Warfield and Hardin, 1981)
Soiled and laundered (White et al., 1984)
Discolourations of white fabrics by dyeing (Galbraith et al., 1987)
Soiled and laundered (Pelton, 1989)

Layers and/or Dimensions of specimens
Two layers and two inches square (5.08 cm®) (Furry et al., 1961)
Four layers and four by six inches square (10.2 X 15.2 cm?®) (Rhode Island Section,
1966)
10 X 10 ecm® (Warfield and Hardin, 1981)
Six by five inches (15.2 X 12.7 cm?) (White et al., 1984)
Five inches square (12.7 cm?) (Galbraith et al., 1987)

Number of Specimens
12 white unsoiled fabrics (Furry et al., 1961)
30 white dyed fabrics (Coppock, 1965)
10 bleached cotton fabrics with brighteners (Rhode Island Section, 1966)
10 white soiled and laundered fabrics (Warfield, & Hardin, 1981)
39 specimens in whiteness (Galbraith et al., 1987)
Eight laundered fabrics (Pelton, 1989)
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Backing of Specimens
Light grey (Furry et al., 1961)
Neutral background (Brightness 60%) (Coppock, 1965)
A background of four layers of bleached cotton fabric (Rhode Island Section, 1966)
Plane grey surface (Morris, 1970)
Viewing board with a standard AATCC overhead lighting (Galbraith ¢t al., 1987)
Macbeth colour chamber (Wilson, 1987)

Number of Panelists
Three untrained workers (Furry et al., 1961)
20 screened female panelists (Coppock, 1965)
54 different observers at five firms (Rhode Island Section, 1966)
Three panelists at each of the six laboratories (Morris, 1970)
Four trained panelists (Warfield, & Hardin, 1981)
40 panelists (White et al., 1984)
138 consumer panelists (Galbraith et al., 1987)
15 untrained panelists (Wilson, 1987)
15 untrained panelists (Pelton, 1989)

Screening of Panelists
An average correlation coefficient of more than 0.70 from four independent (paired
comparison) rank series (Coppock, 1965).
Pseudo-isochromatic Plates for Testing Colour Perception (Galbraith et al., 1987)

Terminology Used for Assessment
Blueish white to creamy white (Purry et al., 1961)
Whitest to least white (Coppock, 1965)
Whitest to least white (Rhode Island Section, 1966)
Darkest to lightest (Warfield and Hardin, 1981)

Handling of Specimen
Manipulation of specimens was allowed (Rhode Island Section, 1966)
Orientation kept constant (Morris, 1970)
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The Hunterlab manual listed the L, a and b values for the standard white tile
accompanying the instrument. The L, a and b values for the standard white tile were
90.94, -1.20 and 1.80, respectively (Hunterlab Manual).

Tests were conducted using the standard white tile to assess drift and precision.
The tile’s L, a, and b measurements were standardized (90.94, -1.20 and 1.80) and
four additional readings were then recorded at 15 minute intervals without moving the
tile. The entire procedure was repeated over the next two days. The data from these
tests were included in Appendix B. The Hunterlab procedure specified a maximum
drift of 0.1 units in the tile’s L, a or b measurements over one hour. The maximum
drift in L, a and b from the standardization point over these three tests was 0.02, 0.04
and 0.02, respectively (Table B-1). The maximum standard deviations for L,aand b
were 0.009, 0.029 and 0.008, respectively. The results were well within the specified
requirement of 0.1.

Instrument accuracy were determined from L, a and b readings for the entire
set of standard tiles (i.e., white, pink, green, yellow, blue and grey). The accuracy
was estimated from the root mean square deviation (0.7 units maximum) for the entire
series of six tiles (Hunterlab Manual). The calculated root means square deviations
for the set of standard tiles were 0.018 for L, 0.043 for a and 0.022 for b. These
results from Table B-2 indicated that the accuracy was well within the specified
criteria. These tests confirmed that the instrument performance was stable, and the
measurements were within the tolerance levels for drift, precision and accuracy for the
L, a, b colour space.

The instrument measurement, AE, required for the visual sensory evaluations
was calculated from the CIELAB L*, a* and b* values. The drift in the AE
measurements from the standard white was also recorded (Table B-1). The maximum
AE drift for the standard white tile measured at four intervals over an one hour was
0.04.

The Hunterlab preliminary test indicated that the instrument had no problem in
detecting a AE colour difference of 0.1 between a pair of specimens. The AE
measurements in Appendix B-1 suggested that the instrument was more sensitive fo
colour difference than the human eye (AE = 10.2) (AATCC Evaluation Procedure 1,
1987; Hunter Manual).
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Tile Time

Reading

Standard deviation

L

a

b

AE

SL Sa Sb

White DI 90.94
90.94
90.93
90.93
90.92

D2 9094
90.93
90.92
90.92
90.93

D3 90.94
90.93
90.92
90.92
90.92

-1.20
-1.22
-1.22
-1.20
-1.16

-1.20
-1.22
-1.16
-1.20
-1.24

-1.20
-1.18
-1.16
-1.16
-1.20

1.80
1.80
[.81
1.82
1.81

1.80
1.81
1.81
1.81
1.82

1.80
1.79
1.80
1.80
1.81

0.00
0.02
0.02
0.03
0.04

0.00
0.02
0.04
0.02
0.04

0.00
0.02
0.04
0.04
0.02

0.008 0.024 0.008

0.008 0.029 0.007

0.009 0.020 0.007

Note: D represents different days for measurements.



Table B-2
Insttument Accuracy

Standard deviation

SL Sa Sb

Tile  Time Reading
L a b
White W1 90.94 -1.20 1.80
w2 90.94 -1.20 1.80
w3 9094 -1.20 1.79
w4 90.94 -1.20 1.80
Pink W1 71.34 2276 9.04
w2 71.39 2285 9.10
W3 71.36 2283 9.11
w4 71.38 22.75 9.08
Green WI 64.68 -16.06 7.10
w2 64.73 -15.99 7.14
W3 64.68 -15.95 7.12
w4 64.71 -15.97 7.13
Yellow W1 77.50 -2.27 20.70
w2 77.53 -2.19 20.74
w3 77.49 220 20.74
w4 77.49 -2.17 20.76
Blue W1 65.63 -7.41 -10.61
W2 65.64 -7.36 -10.62
W3 65.61 -7.31 -10.64
w4 65.60 -7.31 -10.63
Grey Wi 3292 -0.10 0.49
w2 3292 001 0.49
w3 3295 -0.04 0.48
W4 3291 -0.04 054

0.000 0.000 0.005

0.022 0.050 0.031

0.024 0.048 0.017

0.019 0.043 0.025

0.018 0.048 0.013

0.017 0.045 0.027

Note: W represents different weeks for measurements.
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Computer Program for Instrument Data
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The conventional way of obtaining instrument readings from the Hunterlab
(Model D25M - 9) has been to record the values, as required, one by one from the
instrument. For this study, 13 instrument values L*, a*, b*, AE (CIE), AL (CIE), AC
(CIE), AH (CIE), L, a, b, Y, x, and y were required for each measurement. Each
specimen required six measurements. Making the measurements and recording the
data for several hundred specimens would be very time consuming.

The researcher, therefore, devised a computer program (Table C-1) to elicit the
13 required instrument values from the three CIE tristimulus values X,Y,and Z. The
technique used in Test Method 173 (AATCC, 1989) was adopted to confirm the
accuracy of computer calculations. AATCC Test Method 173 listed the L,aand b
values which were generated from the tristimulus values of X, Y and Z for a serics of
standard pairs (red, blue, yellow, green, and grey). The Clothing and Textiles
Department did not have this particular set of standard tiles. The program’s accuracy
was checked by measuring the 13 required colour space measurements for the six
standard tiles accompanying the Hunterlab and then these values were compared to
those generated by the program from the X, Y and Z values of the same standard tiles.
The differences ranging from +0.02 to -0.01 between these two sets of results,
recorded in Table C-1 were consistent with the instrument drift (0.1) established
carlier.

The advantages of this program which were briefly introduced in the method
are outlined in greater detail here:

Less time recording values With the computer program, only 18 (3 values X 6
measures) instead of 78 (13 X 6) values were required for each specimen. Therefore,
a fraction of the time was needed for both recording the data from the Hunterlab and
entering the data into a computer file for analysis.

Minimising specimen_contamination The computer program required fewer
measurements on each specimen when determining colour differences between a
reference specimen and each of the other specimens. Once the instrument reliability
was confirmed during the specimen measurement, the specimens would not be
measured over and over. The specimens, therefore, were handled much less during the
instrument measurement phase and had less chance of contamination using the
computer technique than those measured in the conventional way.

Efficient data handling All the data could be collected in one computer file.
The researcher could select any specimen as the reference point. From the recorded
X, Y, and Z readings, the computer program took less than one minute to calculate all
the necessary instrument values. These data would otherwise take several hours
(depending on the data size) to record and enter info a computer file under the




91

conventional method. (It should be noted that recording and typing might incur some
mistakes.) The computer program listed data in a format that either a SAS or Lotus
program could read directly for further analysis. The data collected could be
manipulated easily with computer programs to quickly examine the data around a
reference point to locate a series of specimens which would meet the given criteria for
the visual sensory evaluations.

Aging of instrument light source The life span of the Hunterlab light source

could vary between six and eight months. A new light source could produce more
consistent readings than those generated from the older bulbs (Hunter Manual), The
computer technique developed in this study could collect data much quicker than using
the conventional approach. Thercfore, the aging of a light bulb had less influence on
the data.
The computer program is listed below:

DIM FY(3),FX(3)
> CMC(L:C) COLOUR DIFFERENCE FORMULA
S A A
‘INPUT DATA AND PRINT RESULTS
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHEE

INPUT "INPUT CMC(L:C) WEIGHTING FACTOR e L, C

OPEN "I', #1, "YU.IN"

OPEN "Q", #2, "YU.oUT"

LINE INPUT #1, S$

PRINT #2," CIEL CIEA CIEB DEcmc DeltE WI DL DC DH L A
B X0 Yo"

INPUT #1, X(1), X(2), X(3), XN, YN, ZN

GOSUB 30:L1=CL:A1=CA:B1=CB

LINE INPUT #1, S$
10 IF EOF(1)<>0 GOTO 20

INPUT #1, X(1), X(2), X(3)

XO=X(1)/(X(1)+X(2)+X(3))

YO=X2)(X(D+X(2)+X(3))

WI=4.0*X(3)/1.18103-3%X(2)

GOSUB 30:L2=CL:A2=CA:B2-CB

GOSUB 40

LINE INPUT #1,5%

PRINT #2, USING " A##,CL,CA,CB,DE,DEO,WI, USING
"Rt A", DLO, USING "H#EE A, DCO,DH,L4,A,B,USING UHHHE A, X0,Y0

GOTO 10
20 CLOSE 1

CLOSE 2

PRINT
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END
T HHHHHHHRH R
* CALCULATE L,A,B VALUES
T
30 X(1)=X(1)}/XN:X(2)=X(2)/YN:X(3)=X(3}/ZN
L4=10*SQR(X(2)*YN)
A=17.5%(X(1)*XN/0.98041-X(2)* YN)/SQR(X(2)*YN)
B=7.0%(X(2)*YN-X(3)*ZN/1.18 103)/SQR(X(2)*YN)
FOR I=1 TO 3
IF X(I)<8.856E-03 THEN FX(I)=7.787*X(I) ELSE FX(D)=X()"(1/3)-16/116
NEXT I
CL=116*FX(2):CA=500*(FX(1)-FX(2)):CB=200*(FX(2)-FX(3))
RETURN
HHHHHH R
’CALCULATE CMC COLOUR DIFFERENCE
R R
40
DL=L2-L1:DLO=DL:C1=SQR(B1*B1+A1*A1):C2=SQR(B2*B2+A2*A2): DC=C2-C]
S1=DL*DL+(A2-A1)*(A2-A1)+(B2-B1)*(B2-B1)
DEO=SQR(S1)
DH=0:AA~S1-DL*DL-DC*DC:IF AA <=0 THEN 50 ELSE DH=SQR(AA)
DHO=DH*SGN(CA)*SGN(CB)
DCO=DC
50 IF (A2*B2)=0 THEN 60 ELSE H2=180-SGN(B2)#90-ATN(A2/B2)*57.3
GOTO 70
60 BB2=SGN(ABS(B2)):AA2=SGN(A2+B2)
H2=90*(BB2-AA2+1)

70 IF (A1*B1)=0 THEN 80 ELSE H1=180-SGN(B1)*90-ATN(A 1/B1)*57.3
GOTO 90

80 BB1=SGN(ABS(B1)):AA1=SGN(A1+B1)
H1=90*(BBI-AA1+1)

90 IF Hl<=164 OR H1>=345 THEN 100 ELSE GOTO 110

100 T=.36+ABS(.4*COS((H1+35)/57.3)):GOTO 120

110 T=.56+ABS(.2*COS((H1+168)/57.3))

120 SL=.040975*L1/(1+.01765%L1):IF L1<16 THEN LET SL=.5]1

SC=.0638*C1/(1+.0131*C1)+.638:F=SQR(C174/(C174+1900))
SH=SC*(T*F+1-F)
DL=DL/(L*SL):DC=DC/(C*SC):DH=DH/SH
DA=H2-H1:IF DA<0 THEN DH=-DH
DE=SQR(DL*DL+DC*DC+DH*DH)
DH=DH*SH

130 RETURN

140 END



Q3

TO'0+ 01 1QQ- WOL :90UAIYIJ WINWIXBI UL, 7

ON[BA PIPIOITY - on[EA PIR[NO[R]) = F0UIIJIT | 910N

000 000 10°0- 10°0+ 000 00" 10°0-  100- 100+ 000 100+ 00°0 Koro
000 00°0 000 10°0- 000 000 100+ 000 [0°0+ 000 10°0- 000 g
000 000 700+ 10°0- 1070+ 000 100+ 100+ 1070+ 100+ 10°0- 000 MOIex
000 000 000 100+ 100+ 10°0- 100+ 000 000 000 000 000  wearn
000 000 100+ 00+ 000 [0°0- o+ 000 00+ 000 100+ 000 qud
000 000 000 000 000 000 000 000 000 000 000 000  =mgm
A X q ® g! av oV v av +q +® 1 som
sonfeA pannboy pIepue;g

EIB( POpIOOSY PUE PIIE[UO[e,) UeamIdg SooUBIONIC

[-D 91qe.L



Appendix D

Dyeing Condition for Producing Off-White Specimens
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Reactive dye: Remazol Yellow GR Lot 39593
Remazol Brilliant Red BB Lot 50170
Remazol Brilliant Blue R Special 37034
(Manufacturer: Hoechst Canada Inc.
4045 Cote Vertu
Montréal, Québec H4R 1R6)
(Note: Dye solution had to be heated, stirred with magnetic stirrer and cooled
to room temperature. Distilled water was added to bring the solution back to
original volume because of vaporization.)

Liquor/fabric ratio: 100 : |

Electrolite: ~ Na,SO, 22.0 g/L
Na,CO,; 10.0 g/L
(Note: In the literature, 50 g/L of Na,S0,-10H,0 and 10 g/L of Na,CO, were
recommended. However, only anhydrous was Na,SO, available in the lab.
The amount per liter is recalculated.)

Container: 10 large stainless steel confainers were used, 100 stainless steel balls per
container,
Procedures:

I. To produce off-white specimens, the appropriate amount of electrolite (5.5 g
Na,SO, and 2.5 g Na,CO, in 250 ml dye solution) were placed in each of 10
containers with 100 stainless steel balls. Dye solution and electrolite in each
container had to be mixed completely. All specimens had to be wetted out
before being placed in each of the containers.

2. The containers were placed in the launder-ometer at 75 °C, running for 30
min. Specimens were then rinsed in distilled water at 25 °C, placed in Hydro-
extractor and ironed dry.

3. The stainless steel containers and balls had to be cleaned thoroughly after
use.



Appendix E

Data Showing the Influence of Number of Layers and Backing Colour on AE
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Table E-1

Data Showing the Influence of Number of Layers and Backing Colour on AE

AE measurement Number AE measurement Number
White tile Black tile of layers White tile Black tile of layers
2.38 11.98 1 0.29 0.98 6
2.39 11.81 1 0.29 0.83 6
2.42 11.97 1 0.26 0.89 6
2.42 11.79 1 0.28 0.94 6
2.36 11.94 1 0.34 0.98 6
2.34 11.99 1 0.51 1.07 6
1.56 5.72 2 0.15 0.59 7
1.58 5.59 2 0.16 0.59 7
1.56 5.67 2 0.14 0.57 7
1.56 5.63 2 0.12 0.58 7
1.57 5.60 2 0.17 0.58 7
1.70 5.77 2 0.27 0.73 7
1.07 3.32 3 0.12 0.36 8
1.08 3.34 3 0.12 0.37 8
1.04 3.30 3 0.07 0.31 8
1.05 3.33 3 0.07 0.35 8
1.15 3.37 3 0.11 0.37 8
1.11 3.40 3 0.15 0.49 8
0.71 2.13 4 0.16 0.21 9
0.71 2.13 4 0.18 0.22 9
0.68 2.12 4 0.11 0.17 9
0.71 2.13 4 0.10 0.18 9
0.76 2.12 4 0.04 0.20 9
0.81 2.22 4 0.07 0.34 9
0.44 1.39 5 0.16 0.18 10
0.46 1.40 5 0.17 0.16 10
0.44 1.37 5 0.09 0.10 10
0.49 1.39 5 0.09 0.08 10
0.51 1.38 5 0.07 0.10 10
0.57 1.54 5 0.06 0.19 10

97
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Appendix F

Documents Relating Subiects

Approval for Research Proposal Involving Human Subjects
Letter of Invitation
Consent Form

Questionnaire for Subject’s Background
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FACULTY OF HUMAN ECOLOGY

UNIVERSITY OF MANITORA

APPROVAL FOR RESEARCH PROPOSAIL INVOLVING HUMAN SUBJECTS

This is to certify that: Mr. Chenyu Yang, Department of
Clothing and Textiles, of University of Manitoba

presented a proposal for a research project entitled:

A Study of Ranking Procedure for Evaluating Off-White Fabrics.

The Faculty of Human Ecology Ethics Review Committee is

satisfied that the appropriate ethical criteria for research
involving human subjects have been met.

Members of the Committee:

Name g Position Department

D. Fitzpatrick Associate Professor Foods & Nutrition

C. Harvey Professor _ Family Studies

N. Fetterman Associate Professor Clothing and
Textiles

Date: March 15, 1993

Rodghary Mills
Committee Chair
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Letter of Invitation

THE UNIVERSITY OF MANITOBA FACULTY OF HUMAN ECOLOGY Human Ecology Buitding
Winnipeg, Manitoba
Department of Clothing and Textiles  Canada R3T 2N?2
(204) 474-8065 Office
(204) 275-5299 FAX

March 7, 1993
Dear Student:

I am a graduate student in the Clothing and Textiles Department and I am planning to
study some sensory evaluation procedures which can apply to visual assessments of textile
fabrics. The Faculty’s Ethics Committee has reviewed and approved the study. This letter
will explain what your commitment would be and the tasks involved if you agree to
participate,

Previous research has established that gender can influence colour perception in visual
sensory evaluations. I am controlling the gender variable by inviting only female students to
participate in the study.

In the experiment, you will be required for one session and may be asked to undertake
a further four testing sessions. Each session will require approximately 20 minutes to
complete the visual evaluations. Your task will include identifying a series of colour motives
and rating fabric pairs for colour differences, and may involve you ranking 3 or more fabrics
from the whitest to the least white specimen. By participating in the study, you will gain
some experience in sensory evaluation and insight into how visual Sensory measurements are
made on textile fabrics.

I will collect some background information from you during the first testing session.
The information that you provide will be used only to describe the panel’s profile for the
research and will be kept strictly confidential.

The testing will take place during March, in the Textiles Graduate Office, Room H501
of Duff Roblin Building,

Please confirm your participation in the study by completing 1) the consent form and
2) the schedule listing your preferred test times. The consent form should be returned to
Chengyu Yang by March 15, 1993. Once confirmations are received you will be advised of
your test schedule. If you have any questions, please call Chengyu, 474-9616 (on campus)

I hope that you can assist me in this study.

Sincerely yours,

Chengyu Yang, Dr. W. R. Pelton,
Graduate Student Thesis Advisor
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Consent Form

I have read the letter and understood the tasks and commitments of participants
in the proposed study. I understand that:
1. Only female students are being invited to participate in the study;
This study will take place over a one month period,;
I will be asked some background information;
I am free to choose not to answer any questions;
I am free to withdraw from the study at any time;
All information generated from this study will be kept in strict

NV AW

confidence.
I agree to participate in the visual sensory investigation entitled " A study of
ranking procedure for evaluating off-white fabrics” which assesses fabric whiteness
under different sets of conditions.

Name (Please Print)

Address

Phone

Signature

Date

Please indicate in the chart below when you are free to participate the sensory
testing for the coming two wecks. This information will assist me in co-ordinating the

testing.
Monday Tuesday Wednesday Thursday Friday

AM

PM

AM

PM




Questionnaire for Subject’s Background

At the beginning of session one, you were given an identification number
which you are to use to identify yourself in this study. If you have forgotten the
number, please ask the investigator for your number and enter it here

Please provide the following background information by filling in the details

requested or circling the appropriate answer.

102

I. What courses have you taken in clothing and textiles ?
(If none - go straight to the next question)

(Course Name or Code Number)

2. Are you primarily responsible for doing your own laundry ?

Yes No

3. How many predominately white apparel items have you purchased in
the past six months?

Many Some Few None

4. Do you pay close attention to colour when purchasing apparel?

Yes No

5. Your age is:

Under 20 21-25  26-30  31-35  36-40 Over 40




103
Appendix G

Documents for Visual Evaluation

Instructions for Threshold Test

Instructions for Ranking Test
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Instructions for Threshold Test

According to your perception, evaluate the whiteness of each pair of mounted

fabric specimens, and answer the following questions:

A, "Can you sec a colour difference between these specimens?" If the
answer is "no", tell the researcher "there is no difference".

The researcher will record the response on a pre-printed table under
"NO",

B. If the answer is "YES", indicate "which one of the pair appears
yellowish white?" and "which one appears bluish white?" by pointing
out the yellowish white and then to the bluish white specimen to the
researcher.

The researcher will record the responses on the pre-printed table under
"YES".

You will be allowed to alternate the position of each specimen pair during the

exercise.

The researcher will show you an example of yellowish white and bluish white

under the viewing condition before you commence.

During the evaluation, the researcher will not be able to answer any questions.

If you have any questions, please ask them now.

If you do not have any questions, please start.
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Instructions for Ranking Test

Between the two reference specimens placed in the Macbeth booth, you will

rank the white fabrics in the order of whiteness according to their intensity

from left to right (e.g., from the whitest to the least white).

When handling specimens, you will wear plastic gloves.

If two specimens appear the same, make a "best guess' of their rank order.

Once you have established the order from whitest to the least white, the

researcher will record the rank order.

During the test, the researcher will not answer any questions. If you have any

questions, please ask now.

If you do not have any questions, we will start.
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Appendix H

Data Collected from Threshold Test
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Table H-I

Colorimetric Data Collected from the Threshold Test

AL AC AH ID

AE

AL AC AH ID
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Appendix 1

AE Values Selected for Ranking Series
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Table I-1

AE Values Selected for Ranking Series

O

{l AE = 0.2 AE = 0.5 AE = 0.8

? Average Range Average Range Average Range
1 0.04 0.02-0.06 0.04 0.02-0.06 0.04 0.02-0.06
2 0.22 0.20-0.24 0.53 0.51-0.54 0.80 0.76-0.84
3 040 0.36-0.45 1.03  1.01-1.07 1.6l 1.53-1.65
4 0.59 0.56-0.61 1.61 1.53-1.65 237 229242
5 0.80 0.76-0.84 1.95 1.89-2.07 3.23 3.15-3.27
6 1.03 1.01-1.07 2.54 2.46-2.64 3.99 3.96-4.04
7 1.25 1.20-1.31 3.04 2.87-3.14 485 4.79-4.87
8 1.40 1.36-1.44 3.56 3.52-3.67 5.64 551-5.77
9 1.61 1.53-1.65 399 3.96-4.04 6.41 6.39-6.43
10 L73 1.68-1.75 439 4.35-4.44 717  7.14-7.22
11 1.95 1.89-2.07 4.85 4.79-4.87 7.99 7.94-8.11
12 217 2.12-2.25 5.64 5.51-5.77 8.82 8.76-8.84

Note: Bold numbers hilighted 26 specimens for all rankings.



Appendix J

Kendall’s Tau Values from the Ranking Test under Different Factors
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Ranks of Kendall’s Tau Correlation Coefficient (Factor; AE)
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