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Abstract

The article discusses an analytical model used in evaluation effectiveness and relative efficiency indicators of the
processes performance in testing laboratories and a procedural model used to support manager in decision-making for
implementing process improvement projects in the testing laboratories.
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Introduction

The standard GOST ISO/IEC 17025-2019,
which entered into force in the Russian Federation on
September 1, 2019 and is identical to the international
standard ISO / IEC 17025:2017 [1], first formulated the
requirements for the need to take into account the risks
and opportunities when carrying out activities in testing
laboratories. When preparing a decision on the
implementation of a project to improve the process in
the management system [1-12] of the testing
laboratory, for example, based on the risk assessment
indicators [13, 17-19] or the improvement feasibility
indicator, first proposed by the authors of this article in
publications [17-19], most managers of testing
laboratories (TL) usually have a need to assess the
scope of change (preferably increment) in the values of
the performance indicators and the relative
effectiveness [20-23] of the test laboratory process
after the implementation of the project to improve it.
The analytical and procedural models are considered
below in order to reduce the time spent in obtaining
such estimates in the preparation of management
decision-making using the methods described in
publications [18, 19, 21, 24-27].

Approaches to assessing the effectiveness
and relative efficiency performance indicators
of processes in testing laboratories at the stage

of decision-making

Our approach is based on the ideas of publications
[20, 22, 23, 26] and is illustrated in Fig. 1.

Each process (Fig. 1a) has inputs X, and outputs

Xout- Process inputs, for example, in a testing laboratory
consist of different types of material products or
services (test objects, information, reagents, and other
resources, etc.). However, process outputs are material
products or services (test results in a form of protocol,
manufactured samples of materials with known
properties, etc.) which appear as a result of the process.

Analytical model for calculating the effectiveness
and relative efficiency performance indicators
of processes based on the results
of their implementation in both a reporting year
and in the following year

When assessing effectiveness  performance
indicators, we used such ratios as “actual time / planned
time”, ‘“actual output/planned output”, “planned
costs /actual costs”, [20, 22, 23] i.e. performance
indicators of the process in the reporting year (Fig. 1b)
can be represented as:
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Fig. 1. A graphical model illustrating the analytical models for calculation of effectiveness

in input and output of process and a relative efficiency indicator of the process:

a — schematic representation of process inputs and outputs [20, 26]; b — calculation model for effectiveness of the process at its

input PP, output

where P,

Prep

out

and relative efficiency E"P in the reporting year [20, 26]; ¢ — calculation model for the expected

values of indicators; PSP, PSP and E®*P of the process in the stage of planning activities for the following year;

d — calculation model for indicators P

CreP

out

next next

onext - pnext and E™' in the following year

7D input of the process in the reporting year; R:P | R:P

rep _ plan rep _  fast plan > “fast

n crp out ;T;I:n ’ are planned and actual release of products (or services)
evaluated at the output of the process.

o', Pyt are the effectiveness of the process at To assess the efficiency of the process in the

input and output in the reporting year; C5;° |, Ci? are  reporting year (see Fig. 1b), the following indicators

plan®> ™ fast

planned and actual costs of resources estimated at the  should be used:
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costs for a product or service in the reporting year.

On the basis of the performed studies to assess
(measure) the efficiency of the management system
process in the testing laboratory, we used the relative
efficiency indicator (Fig. 1) in the form:
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Similar formulas should be used to calculate the
effectiveness and efficiency performance indicators
(see Fig. 1d) to assess the results of the process in the
next year:
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where PISX, PP are effectiveness of the process at

input and output in the next year; S i, Sy are

planned and actual specific costs per unit of
production/service in the next year; E"' is a relative
efficiency indicator of the process in the next year;

Cnext_ Crep+AC next are

plan = C fast plan > planned costs for the

process in the next year, consisting of the actual costs

C &P in the previous year and the upcoming (planned)

fast
AC™* in  the

increase In  costs plan next year;
t
Ryn=REE+ARDY are  planned  release  of

products/services at the output of the process in the

next year, consisting of the actual output R" in the

reporting (previous) year and the upcoming (planned)

. . next . .
increase in release AR pf;n of products/services in the

next

next year; C g is actual costs for the process in the

t . .
next year; R po is actual release of products/services

in the next year.
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Analytical model used to calculate the effectiveness
and the relative efficiency performance indicators
of the processes at the stage of planning
and preparation of decision-making

A similar approach (to the above) illustrated in
Fig. 1c is proposed to be used at the planning stage
(preparing a draft decision) when assessing the

expected values of the effectiveness performance
indicators at the input P and output P" of the
process , as well as the expected values of the relative

performance indicator E“? . In this case, the expected

values of indicators are calculated by formulas:

rep next
Pexp _ fast exlt): plan
m next ’ ou rep
Cplan R fast
rep next
rep_ ~ fast next__ plan
S fast™ R P ’ A plan™ "¢
fast plan
rep
fast
ESXP _ peXp pexp )
in out "ot
plan

It should be noted that when preparing decisions
on the feasibility of implementing a project to improve
business processes in a testing laboratory or
management system process, first of all, the expected

value of the relative efficiency indicator E*P should

be taken into account. If the expected value of the

indicator E*P is greater than or equal to 1 (at least

slightly less than 1), the implementation of the
proposed improvement project should be considered
appropriate.

A procedural model to support the manager’s
activity in preparing decisions about the process
improvement feasibility in testing laboratory

The developed procedural model to support the
process of work of the manager (decision-maker) when
working out a decision on the feasibility of the
implementation of the project prepared by experts in
order to improve the activities in the process under
consideration is presented in Fig. 2.

After the decision-maker (DM) determines the
testing laboratory process that requires improvement,
the team of experts created by the (DM) in accordance
with recommendations of problem-solving
methodology [5, 22], determines the actual situation at
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Fig. 2. Analytical and procedural models to support work of the DM in preparation of decision-making (see p. 71)
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Fig. 2. Continued
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the beginning of work with the implementation of this
process. It includes determination values about
performance indicators of this process in the previous
(reporting) year shown in Block 2 in Fig. 2, namely:

rep
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plan
rep
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C fact> R fact? S fact™ ’
R TP
fact
rep rep
rep_ plan rep_ fact
n rep ’ out™ rep ’
c fact R plan
rep
rep _ rep rep plan
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g rep

fact

After clarifying the situation with the process in
the reporting year, the team of experts takes the
following steps:

— exploring opportunities to improve work with
suppliers (in order to improve the quality of purchased
materials and products used in testing, as well as to
reduce the cost of these purchases);

— working with customers (consumers of testing
laboratory services) in order to identify opportunities to
increase their satisfaction with testing laboratory
services, and increases the number of tests performed
for them;

— studying the internal possibilities of improving
the activities in the process of testing laboratory
in terms of increasing customers satisfaction and
reducing the cost of the process.

The team of experts develops a project to improve
activities in the considered process of the testing
laboratory. The team prepares and presents a version of
the management decision to the decision-maker (DM).
As a part of the prepared draft decision, the head
(Director, Manager or DM) of the testing laboratory is
provided with information about the expected values of
the indicators presented in Block 3 (Fig. 2), namely:
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If the calculated expected value E®P of the
relative efficiency indicator (the prepared project to
improve activities in the process of the testing
laboratory) exceeds, is equal to or slightly less than 1,
then the DM (Director, Manager, Head of laboratory)
usually makes a decision about the approval (Block 4)
and subsequent implementation (initially on a small
scale) of the project prepared by the experts’ team.
Otherwise, members of the experts’ team proceed to
clarify the results of studying external and internal
opportunities to improve the activities in the process of
TL (block 5) and then repeat the steps described
in Blocks 3 and 4 in Fig. 2.

Implementation of a small-scale project
to improve the performance of the process
under consideration of the testing laboratory (TL)

After the DM has approved the prepared decision
to change the test process under consideration, the
necessary changes are made to the procedure of the
process with the participation of the experts’ team.
These changes are made initially on a small scale. For
example, if there are six installation types to be tested
in the laboratory, first it is necessary to purchase
renewable materials, raw materials and components for
the modernization of only one installation.

After making all the necessary changes to the
installation, the process in question on this installation
(Block 6) is performed (on a small scale) in accordance
with the DM’s approved decision on implementing the
project to improve the process.

After accumulating the necessary experience for
practical use of the improved process (for example,
during the following year), the team set the actual
values of performed indicators to be achieved in the
next year:

next next
C next next S next _ ~ fact next _ plan
fact » fact > fact = st plan = R next
fact plan
next R next
phext _ plan next _ = fact
n C next ’ out R next ’
fact plan
next
next next p next plan
E P P out S next’

which are presented in Block 7 in Fig. 2.
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If during the pilot implementation of the
improvement project in the following year (initially on
a small scale at one installation), a high value of the

relative efficiency of E™* >1 or E™ ~1 is obtained,
the DM decides (Block 8) to approve a new procedure
for the implementation of the improved process.
Otherwise, they proceed to the implementation of the
steps in Block 5 in Fig. 2, i.e. repeat the steps to study
the external and internal opportunities to improve the
procedure for the implementation of the test process
under consideration, and then again proceed to the steps
described in Blocks 3, 4, 6 and 7.

Application of the improved process
on an ongoing basis

If the DM has decided (Block 8) to approve a new
procedure for implementing the improved process, they
proceed to the full-scale application of this procedure
for performing the improved process on an ongoing
basis (Block 9). At the same time, for the case of six
installations considered in this article, the remaining
five installations are modernized to carry out the test
process under consideration and, subsequently, all tests
on the existing six installations are carried out
according to the approved improvement procedure for
their implementation (approved by the DM).

After successful implementation of the project to
improve the considered test process, another TL
process that requires improvement (Blocks 10 and 11
in Fig. 2) is selected and the above steps described

in Blocks (2-11) are repeated. The implementation of
the procedural model to support DM’ work
(in preparing the decision to improve the test-processes
in TL) is finished (Block 12) only after all the test
processes performed in the laboratory are improved.

The use of effectiveness and efficiency indicators
in TL processes to help a decision-maker
to decide on the implementation of the project
to improve the business process of input testing
of incoming raw materials of “White Spirit”
in the TL

We consider an example of a situation, in which
the director of the testing laboratory has to make a
decision about purchasing a device to improve the
specific type of a business process — “White spirit”
testing. There were additional costs required, and
details of that are shown in Table 1.

The upcoming costs presented in Table 1 increased
the planned costs in the next year by about 491thousand
Russian Rubles, which corresponded (Table 2) to the

next __

expected planned costs C ,,, =2011.4 Russian Rubles

in the following year. However, the purchase of the
device provided an opportunity to increase the number
of orders for a specific type of tests for about 50 %

(from RTP =146 to R X=216).

fact™ plan™
At the request from the director of the laboratory,
calculations of the expected efficiency of test process
under consideration after the acquisition of this device
presented in Table 2 were performed.

Table 1

Information about planned and actual costs in 2017 to improve the incoming testing of raw material
“White Spirit” in the testing laboratory

Planned cost
anned costs, Actual costs, thousand

No. Expenses Type thousand Russian Russian Rubles
Rubles
1 Cost of purchasing the device “Sulfur Analyzer ASE-1” 423.0 423.0
2 Cost of employee training contract in continuing education 400
courses in another city )
3 Employee travel expenses for training courses in another 20.0
city ’
4 Additional annual expenses (for calibration of the device,
transportation to the place of calibration, payment of 8.0 8.6
consumables, etc.)
Subtotal 491.0 431.6
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Table 2

Information about planned and actual (total) costs and calculation results for the indicators of effectiveness
and efficiency of the incoming testing of raw material “White Spirit” in the testing laboratory (TL)

Reporting year 2016 Next year 2017
Expenses and results in TL Planning
Plan Fact Plan Fact

1. Costs of the testing process, C™ —17044 C™P=15204 CPX_n0114 C 1943
thousand Russian Rubles plan fact plan™ fact
2. Number of tests carried out R™P _ 144 R™ _ 146 R 916 ROX_~1g
within the process, PCs plan R e B plan™ fact
3. Specific costs per unit, S _11836 S™—10414 gnext_g 314 gUeXt_g 9|3
thousand Russian Rubles/PCs plan S plan fact =
4. Effectiveness at the input PP =1.121 P™=0.756 P = 1.035
of the process

at the output - PP =1,014 PSP =1479 - P =1.009
5. Relative efficiency E™ —1.137 E%P =1.118 EDXt —1.045
(dimensionless)

When performing these calculations, the data Conclusion

presented in Table 1 were summarized with the already
known values of the actual costs for the implementation
of the business process in the previous year.

From the calculations performed at the planning
stage according to the above methodology and
presented in the fourth column of Table 2 followed that
despite a noticeable decrease in the expected

effectiveness of the process at the input P "=0.756,
the increase in the expected effectiveness at the output

of the process P, =1.479 made the expected increase

in the number of tests (orders) from 146 to 216.
The expected relative efficiency (dimensionless) of the

process was at the level EP=1.118.

The expected value E“® =1.118 in Table 2
indicated the feasibility of the planned purchase of the
device. Therefore, the director of the testing laboratory
decided to implement the proposed project to improve
the business-process by allocating funds for the
purchase of the device “Sulfur Analyzer ASE-1".

In the right column of Table 2, the figures of
actual values of the effectiveness and efficiency in the
implementation of tests calculated by following the
results of work in 2017 are italicized. The fact that the
actual value of the relative (dimensionless) efficiency

of the process E"* =1.045 was higher than 1
confirmed the correctness of the decision taken by the

director of the testing laboratory to purchase the device
to improve the business process.

The analytical and procedural models used for
decision-making in project implementation to improve
the process of the testing laboratory indicate the
practical usefulness of the research results presented in
the article. The above results can be used in preparing
decisions on feasibility of improving the processes
in the testing laboratory and management systems
[1-12].
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