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Abstract. The article presents the statistical processing of the test results of
the mass fraction of the chlorine ion (Cl) obtained from two accredited
testing laboratories. The stages of statistical processing of the results of
interlaboratory comparison tests are as follows: elimination of gross errors,
determination of the uniformity of the sample, calculation of the assigned
value, evaluation of the quality of the measurement results. The presence of
gross errors in the sample was determined by the Grubbs test, and the
uniformity of the sample was confirmed by the Fisher’s test and Student’s
test. The assigned value was calculated by a robust method using algorithm
A with an iterative scale. The quality of laboratory measurement results was
evaluated using the z-score. The z-score value for each participant showed
that the results of measuring the mass fraction of chlorine ion in cement
samples were acceptable. The quality of the results of these laboratories is
satisfactory and does not require corrective measures. These results of the
test quality assessment can be used for the organizers of interlaboratory tests,
as well as for accredited laboratories that check their qualifications.
Keywords: interlaboratory comparison, proficiency testing, robust method,
assigned value, measurement error, outlier, standard deviation for
proficiency assessment.

1 Introduction

One of the main goals of the testing laboratories is to provide the customer with reliable and
accurate results. Ensuring the reliability of the results in the testing laboratory is carried out
by conducting comprehensive internal and external quality control of its activities. Internal
quality control involves conducting in-lab tests, calibrating equipment using reference
materials, etc. External control is the verification of qualifications by conducting
interlaboratory comparison tests (ICT). [1-5,18]

In accordance with the policy of the Russian Federal Accreditation Service,
interlaboratory comparison tests must be carried out by providers accredited for testing
certain types of products, but currently there are no accredited providers for interlaboratory
testing of building materials, products, and structures. Therefore, interlaboratory comparison
tests are conducted either between testing laboratories, where the provider is one of the
laboratories or an organization that takes over the functions of the ICT provider. Conducting
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interlaboratory comparison tests consists of the following stages: sampling and preparation
of the task, the ISI program, encryption of samples, sending samples for testing to testing
laboratories and testing them in accordance with the appropriate methodology. Sending test
reports to the ICT organizer, who processes the received tests using statistical methods. One
of the critical stages of the ICT is the correct and reliable processing of test results obtained
from testing laboratories. [5-18]

The purpose of the study was statistical processing of data on the results of conducting
interlaboratory comparison tests.

To achieve this goal, the following tasks were solved:

- description of the main stages of statistical data processing of the results of
interlaboratory comparison tests;

- determination of the assigned value based on the consensus value of the participants

- calculating the assigned value using various methods;

- analysis of the tests for evaluating the work of laboratories.

2 Method of statistical evaluation of interlaboratory comparison
tests

Statistical processing of the results of interlaboratory comparison tests was carried out
according to GOST R 50779.60-2017 (ISO 13528: 2015). The stages of statistical processing
of the results of the ICT are as follows: checking for sharply deviating values, determining
the uniformity of the sample, calculating the assigned value, evaluating the quality of the
measurement results. (Figure 1)
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Fig. 1. Stages of statistical processing of the results of the ICT.
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The first stage of processing the results of the ISI is to check the samples for outliers
(misses) according to the Grubbs test. To do this, calculate the Grubbs test G1 for the
maximum value and G2 for the minimum value using the following formulas:

G
! S
|X - Xminl
G
z S

where:

X — arithmetic average value;

Xmax, Xmin — maximum, minimum value in a series of measurements;

S — standard deviation.

Compare G1 and G2 with the table value Gt, which depends on the number of tests n and
the confidence probability Pa. If G1< Gt, then Xmax is not considered a miss and is stored
in a series of measurement results. If G1>Gr, then Xmax is excluded as an unlikely value
and the arithmetic mean and standard deviation are calculated again, and the procedure for
checking for misses is repeated until the inequality G1< Gt is satisfied. By the same
calculation, the Grubbs test is checked for the minimum value of G2. [13-18]

The second stage of statistical data processing is to determine the uniformity of the sample
using the Fisher’s test for the uniformity of standard deviations and the Student’s test — the
uniformity of the average values. To do this, you need to calculate the calculated value of the
Fisher’s test and Student’s test using the following formulas:
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where:
n =nl=n2 — the number of partial values of the variable in the sample;

3(_1 — the average value of the variable for the first data sample;

iz — the average value of the variable for the second data sample;

Gx? u Gx,? — indicators of deviations of the partial values from the two compared samples
from the corresponding average values.

Compare t3 and F> with the table values of tt and Fr, which depend on the number of
tests n and the confidence probability of Px. If the theoretical value is greater than the
calculated Fr > F» and tr > t3, then the hypothesis of equality of variances and averages in
the tested series is not rejected. In this case, it is assumed that the dispersion of results within
each series and between series performed under the same conditions reflects only random
errors.

In the third stage, the assigned value x,,.. The assigned value x,,— is the value assigned
to a specific property of the sample for proficiency testing. The assigned value is determined
by the following methods: the composition of the sample material; the certified standard
sample; the results of one laboratory; the consensus value according to the data of the expert
laboratory; based on the consensus value of the results of the participants (Figure 1), the
methods for determining the assigned value are chosen by the organizer of the ICT. One of
the complex methods of determining the assigned value is to determine this value based on
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the consensus value of the results of the participants of the ICT, which will be discussed in
this article.

The method of determining the assigned value based on the consensus value of the results
of the participants of the ICT is determined by a robust analysis of calculating the arithmetic
mean and standard deviation of the measurement results of all laboratories participating in
these tests. There are simple robust methods for algorithm A with an iterative scale, algorithm
S. Elaborate methods for calculating a robust estimate Q-method, Hampel estimate,
Q/Hampel. [16-18]

To determine the assigned value, a robust method was used according to algorithm A,
since this method is prime in calculations and is used with a small number of participants in
the ICT. [17-18]. The determination of the assigned value of x_pt according to the algorithm
A with iterative calculation is presented is shown in Figure 2.
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.
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x; - in all other cases

New average value

.2

n

Robust standard deviation

The calculation is repeated until the
changes x*,S" from one calculation
to the next are minimal

Robust estimates x*, S*

Fig. 2. Calculation of the assigned value according to the algorithm A with an iterative scale.
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At the fourth stage, the quality of the measurement results is evaluated. At this stage, the
deviations of the participant's measurement results are compared with the assigned value
obtained. This comparison is performed using standardized methods (z-score, zeta-score, En
— score). The participants ' results were evaluated by the z-score, because the assigned value
is compared with the standard deviation of the participants in the qualification test. In other
evaluation methods, the total standard uncertainty of the result of each participant of the ICT
is taken as a comparison with the prescribed value.

The Z-scores for the result of the qualification check x* are calculated using the following
formula:

(xi B xpt)

Gpt

7. =

14

where:
Xpe — assigned value;
0y~ standard deviation for proficiency assessment.
The standard deviation for proficiency assessment ay,, is calculated by the formula:

2 2 1
Opt = |0 — OF X(l_r_l)

where:

oR — standard deviation of reproducibility;

or - standard deviation of repeatability;

n — the number of measurements of each participant of the ICT.

In accordance with GOST 5382-2019 " Cements and materials of cement production.
Methods of chemical analysis " the standard deviation of repeatability (or ) is calculated by
the formula:

o, = 0,866 X R

R- average range for all parallel tests
Standard deviation of reproducibility of measurement results (6R) under reproducibility
conditions:

Orp =

where:

xi —result of the i-analysis;

X- average analysis result for all data;

n —number of tests (at least 20).

The evaluation of the obtained values from the test laboratories by the Z-score is as
follows:

- the result is considered acceptable if | z | <2,0;

- the result is in the warning zone (warning signal) if 2,0 < | z | <3,0;

- the result is considered unacceptable (action signal) if | z | >3.

A Z-score value of more than 2,0 implies the need to analyze the possible causes of
what is happening, and an index value of 3,0 implies the implementation of corrective
actions.



E3S Web of Conferences 376, 01051 (2023)

ERSME-2023

https://doi.org/10.1051/e3sconf/202337601051

3 Results and discussions

Two test laboratories participated in the interlaboratory comparison tests, the measurements
were carried out according to GOST 5382-2019 "Cements and materials of cement
production. Methods of chemical analysis" by the phototurbidimetric method. The mass
fraction of the chlorine ion in the cement samples was determined. The results of the tests of
the mass fraction of the chlorine ion (Cl) are presented in Table 1

Table 1. Results of statistical processing of tests of the mass fraction of chlorine-ion in cement

samples of interlaboratory comparison tests.

Mass fraction of the Assigned value
chlorine ion (CI).%
N . . . . Mass fraction of the Mass fraction of the
partlcllpant- partlczlpant chlorine ion (Cl) chlorine ion (Cl)
B 1 iteration 2 iteration

1 0.0164 0.0153 0.0153 0.0165 0.0153 0.0165
2 0.0164 0.0167 0.0156 0.0165 0.0156 0.0165
3 0.0164 0.0181 0.0156 0.0165 0.0156 0.0165
4 0.0165 0.0177 0.0156 0.0165 0.0156 0.0165
5 0.0163 0.0156 0.0157 0.0165 0.0157 0.0165
6 0.0165 0.0177 0.0160 0.0165 0.0160 0.0165
7 0.0166 0.0184 0.0162 0.0166 0.0162 0.0166
8 0.0165 0.0175 0.0163 0.0166 0.0163 0.0166
9 0.0164 0.0176 0.0163 0.0166 0.0163 0.0166
10 0.0163 0.0166 0.0163 0.0167 0.0163 0.0167
11 0.0165 0.0156 0.0164 0.0175 0.0164 0.0175
12 0.0164 0.0177 0.0164 0.0176 0.0164 0.0176
13 0.0165 0.0156 0.0164 0.0176 0.0164 0.0176
14 0.0165 0.0162 0.0164 0.0177 0.0164 0.0177
15 0.0163 0.0177 0.0164 0.0177 0.0164 0.0177
16 0.0164 0.0157 0.0164 0.0177 0.0164 0.0177
17 0.0165 0.0188 0.0164 0.0177 0.0164 0.0177
18 0.0165 0.0176 0.0165 0.0181 0.0165 0.0181
19 0.0166 0.0165 0.0165 0.0184 0.0165 0.0184
20 0.0164 0.0160 0.0165 0.0188 0.0165 0.0188
X 0.0164 0.0169 x* 0.0165 x* 0.0165
S 0.000089 0.001069 S* 0.0034 S* 0.0034
G, 2.2472 1.7774 [0) 0.0031 [0) 0.0031
gi 1.1236 27090 1.4967 X' = 0.0114 x* = 0.0114
EZ ;g; X"+ 0.0216 x*+ @ 0.0216
t, 0.83 x* 0.0165 x* 0.0165
t 2.09 S* 0.0007 S* 0.0007

1 0.005 0.0001 0.000088 1.136

2 0.005 0.0011 0.001092 0.366

The measurement results obtained by the ICT participants were checked for the presence

of sharply deviating values according to the Grubbs test. For the first participant, the Grubbs
test is G1=2,2472; G2=1,1236 < Gt =2,7090, hence Xmax Xmin are not misses; for the
second participant, G1; G2 < Gt =2,7090, so Xmax Xmin are not misses. There are no gross
errors in the presented test results of the mass fraction of the chlorine ion of the two
participants.
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The uniformity of the average values and standard deviations obtained from the two
laboratories was checked using the Student's test and Fisher's test (Table 1). The following
inequalities are satisfied: the calculated value of the Student's test t3=0,83 < tt=2,09, the
calculated value of the Fisher's test F,=2,33< F,, =2,38, therefore, the standard deviations
and the average values in the tested test series are equal to each other. The results of the two
samples are homogeneous and consistent, so they are combined to calculate the assigned
value by a robust method.

The assigned value was determined by the robust method in accordance with the
algorithm A by iterative calculation. The results of processing the assigned value of the mass
fraction of chlorine ion in cement samples are shown in Table 1. Table 1 shows that for
iterations 1 and 2, x*=0,0165%, S* = 0,0034% are equal, therefore, the assigned value xpt=
0,0165%.

The quality of the measurement results obtained by the ICT participants is estimated by
the value of the z-index, which is calculated for each laboratory (Table 1). For the first
participant, Z-scorel = 1,136, for the second participant Z-score2 = 0,366. From the results,
it is clear that the Z-score for two laboratories is less than 2,0, therefore, the result for
determining the mass fraction of chlorine-ion in cement samples from these laboratories is
acceptable. The quality of the measurement results of the laboratory data using the
phototurbidimetric method of chemical analysis is satisfactory. If the value of the Z-score for
individual participants is more than 2,0 or 3,0, then these results are considered unsatisfactory
(in the warning zone) and this implies the need to analyze the possible causes of what is
happening and implement corrective measures.

4 Conclusions

1. The stages of statistical processing of the test results of the mass fraction of the chlorine
ion (Cl) are as follows: removal of gross errors, determination of the uniformity of the
sample, calculation of the assigned value, evaluation of the quality of the measurement
results. Checking the samples showed: the absence of gross errors according to the Grubbs
test, the consistency of the average and standard deviations according to the Student’s and
Fisher’s test.

2. The assigned value was determined on the basis of the consensus value of the results of
the participants of the ICT and was calculated by a robust method using algorithm A with
iterative calculation. The assigned value of the mass fraction of the chlorine ion in the cement
samples is xp,, = 0,0165%.

3. The evaluation of the quality of the test results of the mass fraction of the chlorine ion of
the two laboratories was carried out according to the value of the z-score. For the first
laboratory Z-score 1 = 1,136, for the second laboratory Z-score 2 = 0,366, since | Z-score 1,2
|S 2,0, the results of the laboratories are acceptable. The quality of the results of these
laboratories according to the phototurbidimetric method of chemical analysis is satisfactory
and does not require corrective measures.

4. The above calculations on the statistical processing of the results of participants in the
interlaboratory comparison tests can be used for the organizers of the interlaboratory tests, as
well as for accredited laboratories that conduct the qualification check.
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