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Introduction

The last analysis of results produced in our laboratory testing was reported in 1977 (Research
Record No. 60), when estimates were made, on a range of then current test methods, of the
degrees of accuracy being achieved, and recommendations on the amount of sampling were
given.

Since then we have entered the computer age, and facilities now exist for the storage and
retrieval of large quantities of data, enabling such analyses to be carried out very much more
easily.

Computer storage of the raw laboratory data is now carried out on a routine basis for all our
larger knitgoods projects; this report describes methods for the retrieval and analysis of data
from some of these projects and for calculating the reliability of test figures, and sample sizes
required for given degrees of accuracy.

The computer programme for storage and analysis of the raw data from the knitgoods projects
has been named LABSTATS.

Method Of Analysis

a. Use of Root-Mean-Square % CV

In Research Record No. 60, results from a large number of test swatches (from 48 to 237,
depending on the test method) were collected and the percentage Coefficient of Variation (%
CV) calculated for each test swatch.

A mean (arithmetic) % CV (V) was then calculated for each test, and the % accuracy (P) at
the 95% confidence level derived from the equation.

P = 1.96 . V / √n 

where n was the number of observations in the test sample.

The number of observations (nl) required to achieve a given accuracy target, A%, was then
calculated using another form of the same equation

n1 = ( 1.96 . V / P)2

It was subsequently realised that the use of the arithmetic mean of % CV is not quite correct
according to statistical theory, and the value of V used in the LABSTATS calculations is the
Root-Mean-Square % CV. The differences produced by this change are, in most cases, slight.

b. Special Treatments of Shrinkage and Spirality Results

Analysis of shrinkage and spirality results by the standard method presented problems, and
the technique was clearly unsuitable without modifications.

These properties share the same qualification in that they possess direction as well as
magnitude, that is to say they can be either positive or negative. They can also be zero, which
gives an obviously meaningless result when an attempt is made to calculate % CV.

Special techniques have therefore been incorporated into the computer routine to deal with
shrinkage and spirality. These have had to be invented, as no evidence has been unearthed
from the literature of any previous attempt to tackle this type of problem.

In the case of shrinkage, the statistical calculations are based, not on the shrinkage results
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themselves, but on the variations in the final length measurements, expressed as fractions of
the initial length measurements. Thus, zero shrinkage has a value of 1, 10% shrinkage a
value of 0.9 etc. and it is these values which have been used to calculate the statistical data.

A consideration of the variations in an angular measurement, such as spirality, led to the
conclusion that any meaningful measure of these variations should be independent of the
mean value, that is, the direction.

An arbitrary mean, of 100 degrees, was therefore selected, which gives a "% CV"
numerically equal to the standard deviation.

Accuracy Targets

Following the survey reported in Research Record No. 60, an accuracy target of 4% was set
for all test methods; that is, the laboratory estimate of the mean value should be within 4% of
the true mean 19 times out of 20.

During the course of the extensive knitting test programme which was subsequently
undertaken, it was decided that this was not sufficiently tight for fabric weight measurement,
and for this parameter the accuracy target was reset to 3%.

It was also decided that a target of 4% would result in too much testing being required in the
case of yarn strength measurement, and the corresponding target was therefore reset to 6%.

From a study of the results, and in the knowledge of the significance of the data in our
knitgoods programmes, it is suggested that a target of 4% in the case of stitch length
measurements is much too high, and should be reset to 1%.

No previous target was set for spirality testing, but it is suggested that a suitable figure would
be 1%, which is perhaps better described as 1 degree.

Results

The results obtained from the data produced in some of our current knitgoods projects are
given in Tables 1 to 4.

Tables 1 & 2 show the data from two of the crosslinked series of Central Project (interlock
and rib) fabrics.

Table 3 gives figures from the fine gauge interlock study (grey fabrics), and Table 4 gives a
complete analysis of the results produced in the Sandoz SM Project.

The figures in the first column of each table show the normal sample size for each test. The
second column gives the Root-Mean-Square % CV over all the fabrics tested. The level of
accuracy attained is calculated from this value of % CV and shown in the next column. The
target for accuracy is given in the fourth column, and the final column shows the sample size
that would be required to attain that degree of accuracy with a 95% level of confidence.

Conclusions

The results confirm that, in general, the present accuracy targets are being met without
difficulty. In most cases, the testing level could be reduced or, probably preferably, accuracy
targets could be tightened up.
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Possible exceptions are bursting strength, yarn extension, and spirality.

An interesting feature of this study has been the good agreement between data taken from
different projects, and even between grey and finished fabric testing.

Table 1
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Table 2
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Table 3
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Table 4


