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A GREY-BASED DECISION-MAKING APPROACH
TO THE IMPROVEMENT OF OHS MANAGEMENT SYSTEM

Tabor J.”

Abstract: The objective of this paper is to present and verify the approach, using which it
is possible to rank management system elements according to the decision-making criteria
adopted by decision-makers, in order to reduce incoherence levels within the frameworks of
the decision-making process concerning targeting of the system improvement measures.
This approach makes use of the grey systems concept and properties of grey numbers. The
following three cost-based parameters were used as assessment criteria of the particular
elements of the system in terms of improvements: meeting requirements, performance
costs, and performance time. This approach was verified in a furniture manufacturing
company, based upon the work health and safety management system according to PN-N
18001, which was in place in this company. By using the proposed approach, it was
possible to rank all the assessed elements of the system, and to identify those elements that
could be improved in the first sequence, taking into account the adopted assessment criteria.
This paper makes up for shortages in using the grey system theory to improve work health
and safety management systems, and constitutes an original application of this concept in
the area of work health and safety management systems. The approach presented herein
may constitute a significant tool of improving not only health and safety management
systems, but also other management systems as well.
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Introduction

The management system improvement process is aimed at improving its efficiency
by introducing desired changes in the proper place and at the proper time. Such
improvement measures may take the form of both small refinements being made to
the selected elements of the system on a regular basis, and far-reaching changes
made to the entire system (Denton, 1982; Law et al., 2006; Olah et al., 2018). For
the improvement process, it is significant that such changes are based upon a well-
thought-out assessment of the situation, using the appropriate information and data,
i.e., that they result from properly conducted assessment of the management system
(CEN, 2009). Due to the need to assess the management system, various methods
and tools have been systematically developed (see Cadieux and Desmarais, 2006;
and Granerud and Rocha, 2011). There are plentiful examples of method used to
assess work health and safety management systems available in literature, e.g.:
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the Universal Assessment Instrument (Redinger and Levine, 1998), the Safety
Element Method (Alteren, 1999), the Safety Self-Checking Tool (Roy et al., 2005),
the Tripod Delta (Cambon et al., 2006), the Climate / Safety Culture Questionnaire
(EU-OSHA, 2011), the ILO-OSH 2001 Audit Matrix (ILO, 2013), and a number of
questionnaire tools (e.g. Fernandez-Muiiiz et al., 2009; Nja and Fjelltun, 2010;
Vinodkumar and Bhasi, 2010; Chen and Chen, 2012). At the same time, search has
been going on for methods and tools from outside the classical area of research. At
the moment, special attention is paid towards multi-criteria decision-making
(MCDM) methods and tools (see TOPSIS in Behzadian et al, 2012; VIKOR in
Mardani et al., 2016; PROMETHEE in Behzadian et al.,, 2010; ELECTRE in
Govindan and Jepsen, 2016, and much more in Zanakis et al., 1998). Although the
multi-criteria decision-making process constitutes an integral part of the work
health and safety management system, the use of tools that support this process is
still rarely practiced, and poorly described in the work health and safety literature
(see Zavadskas and Turskis, 2011).

The objective of this paper is to propose and verify the approach used to rank
management system elements according to the criteria adopted by decision-makers,
in order to reduce incoherence levels within the frameworks of the decision-
making process concerning targeting of the management system improvement
measures. Application of the Simos procedure and the grey system theory, as
presented in this paper with reference to work health and safety management
system improvements, is original in nature.

Key Elements of the Proposed Approach

The Simos procedure, as a ranking tool and a criteria weight identifying tool, is
used in many different areas (see Shanian et al., 2008; Fontana et al., 2011;
Marzouk et al., 2013; Siskos and Tsotsolas, 2015). This procedure is based upon
using the concept of arranging “cards” according to some pre-determined
principles. One set of cards corresponds to the criteria that should be ranked; these
cards are usually described with criteria names. The other set of cards is the so-
called “Blank Cards” which are not described, and whose task is to reflect the
difference in significance levels between the particular criteria. Criteria cards are
arranged in ascending order, from the lowest to the highest rank, and then “Blank
Cards” are inserted in between them in such a way as to account for the difference
in significance between the two successive criteria. One “Blank Card” means
a difference of two measures, two ,,Blank Cards” means a difference of three
measures, and so on, i.e. the more “Blank Cards” in between the criteria, the bigger
the difference in significance between the successive criteria. In this way, the
ranking of the analyzed criteria can be accomplished. Another operation within the
frameworks of the Simos procedure is conversion of the ranks of the criteria into
the weights of the criteria. Simos proposed the following stages of conversion of
the ranks into weights (Figueira and Roy, 2002):
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— Identify the position of each criterion card and each “Blank Card”, assuming
that the least important criterion card receives Rank 1, the next card receives
Rank 2, and so on;

— For each criterion card (bearing a determined rank), calculate its non-
normalized weight by dividing its ranks total by the number of the criteria that
bear such rank;

— For each criterion, calculate its normalized weight by dividing the non-
normalized weight of a given criterion by the total sum of non-normalized
weights of all the criteria, without taking into account any “Blank Cards”,
though.

In this way, weights can be obtained for all the analyzed criteria. Within the
approach proposed herein, the Simos procedure was used to rank management
system elements (alternatives) according to their significance for the system.
At the same time, the proposed approach makes use of the grey system theory
(GST), which, although formulated as long ago as in the 80s of the previous
century, is still the most recent methodology of analyzing and evaluating systems
within the conditions whereby information concerning these systems is incomplete
and uncertain. By using the grey system theory, it is possible to skip plentiful
necessary assumptions that occur in case of statistical, fuzzy, and rough methods,
and results obtained using grey numbers are much more accurate than in any other
approach (Liu et al., 2016). The basic operations involving grey numbers take
place according to the following formulas:

®Gl+®G2 = [Ql-l_G ,61+Ez]
® G —Q G, =[G, — G, G, — Gy
QG xQ G, = [min(glgz,Qle, GlQZ'Gle)'maX(QQz'QGz'@Qz:Gle)]

— 1 1
KRG +Q G, = [Ql' G1] X [E'E_z]

The proposed approach makes use of the concept of comparing grey numbers
according to the formula:

P{® G, <®Q G,} = max(o'L*_“;a*X(o'Gl_gZ)), where: L* = L(® G,) + L(® G,); and
the lenght of a grey number: L(® G) = |G — G|.

W wyniku poréwnania dwoch szarych liczb mozliwe sa nastepujace przypadki (Li
et al., 2007):

— If Gy = G, and G, = G, that @ G; =Q G, ,then P{® G; < G,} = 0.5,
- If G, > G, that @ G,is larger than @ G;,then P{Q G; <Q G,} =1,
- If G, < G that @ G,is smaller than @ G, then P{® G, < G,} = 0.

The grey system theory is used in many disciplines of engineering, medical, and
social sciences, as evidenced by the systematically growing number of publications
concerning its practical applications. Especially fast is growth in the use of the
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GST theory in both classical and contemporary multi-criteria decision-making
tools (Tzeng and Huang, 2011).

Methodology

Implementation of the proposed approach to rank management system elements
according to criteria adopted by decision-makers takes place according to the
following procedure:

1) Identify the weights of the particular management system elements as per the
Simos procedure.

2) Evaluate the decision-making criteria using linguistic variables.

3) Determine decision-making criteria significance levels, and aggregate these
evaluations using a selected method (e.g. the arithmetic mean method):

®W, = 1[® W} +@ WP + -+ +@ W] where: ® W) = W, W] | )

4) Evaluation of the particular management system elements by experts using
linguistic variables, and aggregation of these evaluations using a selected method
(e.g. the arithmetic mean method):
1
® Gy =% [® G +@ Gfj + - +® Gjj )
where: & G{j (i=12,..,m;j=1,2,..,n) made an assessment of the criterion
by the k™ decision-maker, which is represented by agrey number : ® G{§ =

K —K
65,6
5) Build the grey decision-making matrix:
[ ®611 ®612 ®Gln-
D = ® GZ:1 ® GZZ . b2y :GZn (3)
| ® Gml ® sz @ Gmn-
6) Build the normalized decision-making matrix:
[ ®G; @G, | @G
D* = ® G;:l ® sz . ® Gz*n (4)
[ @G QGma - Q Gyl
Perform normalization for the profit-type criterion:
. Gij  Gij
® G = [G}"Z"“G;nix] where: G"™ = max,<jem{Gi;} (5)
Perform normalization for the loss-type criterion:
. Gij Gy
® Gij = [G]r'nglx' G]r'nglx] where: Gjmax = maxlsism{gij} (6)

7) Build the weighted normalized decision-making matrix:
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® Vll ® V12 ® Vln
Dy =| OV OV BVonl here: @ v, =@ 6 x @ W, ()
® le ® sz ® an

8) Identify the best alternative in line with the assumption that for the set m of
possible alternatives A = {A;, A,, As, ...Ay}, the ideal alternative A™ is defined
as follows:

Amax - {® G‘lﬂlax’® G;Tlax’ ."‘® G;Zl(l){} (8)
AT = {[max V,,, max V; ] [max V,,, max V|, ...,| max V., , max V; ]} 9
1<ism =1 1<ism af 1<ism =2 1<ism @2fre 1<ism =in’ 1<ism n ( )

9) Calculate the possibility degree between the compared alternatives A and the
ideal alternative A™, using the formula:
n

1
P(4; < A7} = =" P® Ve ® G} (10)
j=1

10) Rank the P values in the ascending order.

The adopted approach was verified in a furniture manufacturing company, based
upon the work health and safety management system according to PN-N 18001,
which was in place in this company. The work health and safety management
system based upon the PN-N 18001 Standard is the system that is most frequently
used in Poland (Klimecka-Tatr and Niciejewska, 2016). Two questionnaire tools
were prepared for our studies: the first one concerned assessment of the ranks of
the particular work health and safety management system elements, while the
second one concerned assessment of these elements from the point of view of
selected decision-making criteria, as well as assessment of significance levels of
the criteria themselves. Three experts: PLE (a proxy of the board for the work
health and safety management system), AUD (internal auditor of the work health
and safety management system), and SUPA (external auditor of the work health
and safety management system) assessed the following three cost-based decision-
making criteria (the lower the value, the better): C1- Meeting requirements, C2-
Performance costs and C3- Performance time, and 24 components (i.e. work health
and safety management system areas): Al- General systemic requirements, A2-
Top management commitment, A3- Work health and safety policies, A4-
Participation of employees, A5- General planning requirements, A6- Legal and
other requirements, A7- General and detailed objectives, A8- Planning activities,
A9- Structure, rights and responsibilities, A10- Providing for resources, All-
Training, awareness, competence, and motivation, A12- Communication, Al13-
Work health and safety management system documentation, Al4- Occupational
risk management, A15- Organizing works and activities associated with serious
hazards, A16- Prevention, preparedness and reacting to accidents at work and
serious failures, Al7- Purchases, Al8, Subcontracting, A19- Monitoring, A20-
Investigating accidents at work, occupational diseases and near-misses, A21-
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Auditing, A22- Non-conformances and corrective measures, A23- Management
review, A24- Continuous improvements. In order to assess significance levels of
the three decision-making criteria, experts used the prepared, seven-degree
linguistic assessment scale ranging from insignificant to highly significant.
Linguistic assessments were assigned relative grey numbers in the following form:
insignificant [0.0, 0.1], low [0.1, 0.3], medium-low [0.3, 0.4], medium [0.4, 0.5],
medium-significant [0.5, 0.6], significant [0.6, 0.9] and highly significant [0.9, 1.0].
On the other hand, the particular work health and safety management system areas
were assessed for each criterion C1, C2, and C3 according to three separate
assessment scales. Table 1 contains description of a scale used to make such
assessments, together with their corresponding grey numbers.

Table 1. List of linguistic assessment scales used in criteria assessments

A seven-level linguistic scale of grade Gre
(C1) Meeting the (C2) Cost of . . y
. . - (C3) Delivery time number
requirements implementation
(CW) Completly wrong (VL) Very low (VS) Very short [0.0, 1.0]
(\VP) Very poorly (L) Low cost (S) Short time [1.0, 3.0]
(P) Poor (MSm) Medium-small (MSh) Medium-short [3.0, 4.0]
(M) Medium (AC) Average cost (AT) Average time [4.0, 5.0]
(W) Well (MLa) Medium-large (MLo) Medium-long [5.0, 6.0]
(VG) Very good (H) High cost (L) Long time [6.0,9.0]
(P) Perfect (VH) Very high (VL) Very long [9.0, 10.0]

Results

PLE, AUD and SUPA experts assessed the ranks of main and detailed alternatives,
using the especially prepared questionnaire. Based upon their assessments,
the particular alternatives were ranked (Table 2).

Table 2. Ranking of the alternatives according to the Simos procedure
Main alternatives (A5-A8) P (A9-A18) R (A23) P (A19-A22) P (A2-Ad) R (A24) P (A1)
Alternatives A2-A4 (A3) P (A4) P (A2)
Alternatives A5-A8 (A6) P (A7) R (A8) P (A5)
Alternatives A9-A1L8 gﬁ%% E Eﬁigg P (A12) P (A10) R (A9) P (A15) R (Al6) P (A13) P
Alternatives A19-A22 | (A20) P (A19) P (A21) R (A22)
P — Alternative preferred; R — Equivalent alternatives

Main alternatives and alternatives in groups (A2-A4), (A5-A8), (A9-Al8), and
(A19-A22) were arranged in sequence from the most preferred alternative to the
least preferred one. The situation in which the alternatives were equivalent was
identified as “R”. Questionnaires were also used to identify the number of “Blank
Cards”, i.e. to show the difference in significance between the two successive
alternatives. Depending on the dispersion degree of assessments of a given
alternative’s rank by our experts, either one “Blank Card” or two “Blank Cards”
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were inserted (no extreme cases were noted). The ranks of alternatives were
converted into weights according to the measures as proposed by Simos. Table 3
lists calculations of non-normalized weights for the particular main alternatives and
alternatives in groups.

Table 3. Values of non-normalized weights for the particular alternatives in Simos

procedure
Main Number . Alternatives | Number .
Alternatives | of cards Item Weight (A9-A18) of cards Item Weight
(AL) 1 1 1 Al7; A18 2 1;2 15
Blank Card 1 2 - Blank Card 2 3;4 -
(A2-Ad); ) Al3 1 5 5
(A24) 2 $4 |85 Blank Card |1 6 -
Blank Card 2 5,6 - Al5; Al6 2 78 7.5
(A19-A22) 1 7 7 Blank Card |2 9; 10 -
Blank Card 2 8:9 - A10; A9 2 11;12 |115
(A9-A18); ) Blank Card |1 13 -
(A23) 2 10;11 1105 Al2 1 14 14
Blank Card 1 12 - Blank Card 1 15 -
(A5-A8) 1 13 13 All; Al4 2 16;17 |16.5
Alternatives | Number . Alternatives | Number .
(A2-A3)  |ofcards | €™ [WEIONt | Tia19.p20)  |ofcards | 'EM | Weidht
A2 1 1 1 A21; A22 2 1;2 15
Blank Card 2 2:3 - Blank Card 2 3:4 -
A4 1 4 4 Al9 1 5 5
Blank Card 1 5 - Blank Card 1 6 -
A3 1 6 6 A20 1 7 7
Alternatives | Number .
(A5-A8) of cards Item Weight
A5 1 1 1
Blank Card 1 2 -
A7; A8 2 3;4 3.5
Blank Card 2 5;6 -
Ab 1 7 7

Following that, based upon non-normalized weights, normalized weights were
calculated for the alternatives. Normalized weights were obtained by dividing the
non-normalized weight by the total sum of non-normalized weights. Normalized
weights for main alternatives were respectively: (Al)- 0.02, (A2-A4)- 0.07, (A5-
A8)- 0.27, (A9-A18)- 0.21, (A19-A22)- 0.15, (A23)- 0.21, (A24)- 0.07. In case of
alternatives in groups, the aggregation process was also conducted, which consisted
in multiplication of the normalized weight of the determined alternative from the
group by the weight of the relative main alternative — Table 4.
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Table 4. Values of normalized and aggregated weights for alternatives in Simos

procedure
. Normalized Agregated . Normalized Agregated
Alternatives Weight \?Ve?ght Alternatives Weight \?Veigght
A2 0.09 0.01 Al3 0.05 0.01
A3 0.54 0.04 Ald 0.18 0.04
A4 0.36 0.02 Al15 0.08 0.02
A5 0.07 0.02 Al6 0.08 0.02
A6 0.47 0.13 Al7 0.02 0.00
A7 0.23 0.06 Al8 0.02 0.00
A8 0.23 0.06 Al9 0.33 0.05
A9 0.12 0.02 A20 0.47 0.07
A10 0.12 0.02 A21 0.10 0.02
All 0.18 0.04 A22 0.10 0.02
Al2 0.15 0.03

As follows from the above analysis, work health and safety management system
elements that achieved the highest significance levels were: (A23) Management
review, (A6) Legal and other requirements, (A24) Continuous improvements, and
(A20) Investigating accidents at work, occupational diseases, and near-misses.
Following that, based upon the second questionnaire, linguistic assessments of
significance levels of the three analyzed criteria C1, C2, and C3, and linguistic
assessments of the particular alternatives (work health and safety management
system elements) were received from experts, and then such assessments were
assigned their corresponding grey numbers. Table 5 lists grey criteria assessments
and the aggregated assessment obtained after using formula (1), i.e. the formula of
aggregation using the arithmetic mean method.

Table 5. List of criteria C significance assessments by our expert

- Expert Assessment :
Criteria PLE AUD SUPA Weight
C1 [0.6, 0.9] [0.9,1.0] [0.4, 0.5] [0.63, 0.80]
c2 [0.9,1.0] [0.4,0.5] [0.5, 0.6] [0.60, 0.70]
C3 [0.3,0.4] [0.6, 0.9] [0.4, 0.5] [0.43, 0.60]

Linguistic assessments of the particular alternatives A1-A24 (Table 6) were
assigned their corresponding grey numbers, as in Table 1. As a result of
aggregation of assessments of the particular alternatives according to formula (2),
input data were obtained, required to build the grey decision-making matrix,
according to formula (3) — Table 6.

Arrangement of linguistic assessments of criteria C1, C2, and C3 in Table 6
pertains to indications received successively from PLE, AUD, and SUPA.
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Table 6. List of assessments of alternatives A made by our PLE, AUD, and SUPA

experts for the particular criteria C1, C2, and C3

Linguistic Assessments (PLE, AUD, SUPA) Aggregated Grey Assessments
C1 C2 C3 C1 C2 C3
(A1) |P,VG,M MLa, MSm, MLa | MSh, MLo, AT | [6.33, 8.00] |[4.33, 5.33] |[4.00, 5.00]
A2 M, W, M AC,MSm,AC | AT, S, Msh [4.33,5.33] |[3.67,4.67] |[2.67,4.00]
A3 |VG,W,M [AC,MLa, L MsSh, MLo, AT | [5.00, 6.67] |[3.33, 4.67] |[4.00, 5.00]
A4 M, P, VG L, MSm, MLa MLo, AT, L [4.33,6.00] |[3.00, 4.33] |[5.00, 6.67]
A5 W, P, M L, AC, L Msh, S, S [4.00, 5.00] |[2.00, 3.67] |[1.67, 3.33]
A6 VG, M,W | MSm, MLa, L AT, AT, MLo [5.00, 6.67] |[3.00, 4.33] |[4.33,5.33]
A7 P, M, VG MSm, AC, L MLo, S, AT [5.67,8.00] |[2.67,4.00] |[3.33, 4.67]
A8 M,VG,W |[MLa,MSm,L |AT,MSh,MLo |[5.00, 6.67] |[3.67, 4.67] |[4.00, 5.00]
A9  |W,W,VG [AC,AC,MSm |MLo, AT,S [5.33,7.00] |[3.67,4.67] |[3.33,4.67]
AL0 |W,W,P AC, AC, H L, AT, VL [6.33, 7.33] |[4.67, 6.33] |[6.33, 8.00]
All |W,VG M MLa, AC, AC MSh, AT, VL [5.00, 6,67] |[4.33,5.33] |[5.33, 6.33]
Al2 |P,P,P L, MLa, MSm S, L, AT [4.33,6.00] |[3.00, 4.33] |[3.67,5.67]
Al13 |M,VG,W |AC,MSm,AC |AT,L AT [5.00, 6.67] | [3.67, 4.67] |[4.67, 6.33]
Al4  |VG,W,W |H, MLa, AC AT, AT, L [5.33,7.00] |[5.00,6.67] |[4.67,6.33]
Al5 |M,P,M L,MSm,MLa | MSh, AT, S [3.67,4.67] [ [3.00,4.33] |[2.67, 4.00]
Al6 |P,W,M AC, AC, H MSh, MLo, MSh | [4.00, 5.00] | [4.67, 6.33] |[3.67, 4.67]
Al7 |P,P,M L, L, MSm MSh, AT, Msh | [3.33, 4.33] |[1.67, 3.33] |[3.33,4.33]
Al18 |P,P,M L, MSm, AC MSh, MSh, MSh | [3.33, 4.33] |[2.67, 4.00] |[3.00, 4.00]
A19 |P,W,M AC, H, AC MLo, AT, AT [6.00, 7.00] | [4.67,6.33] |[4.33,5.33]
A20 |M,M,W MSm, MSm, AC | AT, AT, L [4.33,5.33] |[3.33,4.33] |[4.67,6.33]
A21 |W,M,P MSm, L, MSm | AT, MLo, MSh | [4.00, 5.00] |[2.33, 3.67] |[4.00, 5.00]
A22 |P,W,M AC, L, MLa MSh, MLo, AT | [4.00, 5.00] |[3.33, 4.67] |[4.00,5.00]
(A23) |M,P, W L, MSm, AC AT, MSh, MLo | [4.00, 5.00] |[2.67,4.00] | [4.00, 5.00]
(A24) |M,P,M AC, MSm, H MSh, AT, MSh | [3.67, 4.67] |[4.33, 6.00] |[3.33, 4.33]

Due to the fact that the adopted criteria were all cost-based in nature, values from
the grey decision-making matrix were normalized using formula (6), and data were
obtained, required to build the normalized grey decision-making matrix, and, after
using formula (7) values required for the weighted normalized grey decision-
making matrix were obtained. At this stage, weights of alternatives obtained
according to the Simos procedure were used.

Table 7. List of assessments of the grey normalized and grey weighted decision-
making matrix

Normalizes Grey Assessments Weighted Grey Assessments
C1 C2 C3 C1l C2 C3
(A1) [0.42,0.53] | [0.31,0.39] | [0.33,0.42] | [0.26,0.42] | [0.19, 0.27] | [0.14, 0.25]
A2 [0.62,0.77] | [0.36,0.46] | [0.42,0.63] | [0.39, 0.61] | [0.21,0.32] | [0.18, 0.38]
A3 [0.50, 0.67] | [0.36,0.50] | [0.33,0.42] | [0.31,0.53] | [0.21,0.35] | [0.14,0.25]
Ad [0.56, 0.77] | [0.39,0.56] | [0.25,0.33] | [0.35,0.61] | [0.23,0.39] | [0.11, 0.20]
A5 [0.67,0.83] | [0.46,0.84] | [0.50,1.00] | [0.42,0.67] | [0.27,0.58] | [0.22, 0.60]
A6 [0.50, 0.67] | [0.39, 0.56] | [0.31,0.39] | [0.31,0.53] | [0.23,0.39] | [0.13,0.23]
A7 [0.42,0.59] | [0.42,0.63] | [0.36,0.50] | [0.26, 0.47] | [0.25, 0.44] | [0.15, 0.30]
A8 [0.50, 0.67] | [0.36,0.46] | [0.33,0.42] | [0.31,0.53] | [0.21,0.32] | [0.14, 0.25]
A9 [0.48,0.62] | [0.36,0.46] | [0.36,0.50] | [0.30,0.50] | [0.21,0.32] | [0.15, 0.30]
Al10 [0.45,0.53] | [0.26,0.36] | [0.21,0.26] | [0.29, 0.42] | [0.16,0.25] | [0.09, 0.16]
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ALl | [0.50,0.67] | [0.31,0.39] | [0.26,0.31] | [0.31,0.53] | [0.19,0.27] | [0.11,0.19]
A12 | [0.56,0.77] | [0.39,0.56] | [0.29,0.46] | [0.35,0.61] | [0.23,0.39] | [0.13,0.27]
A13 | [0.50,0.67] | [0.36,0.46] | [0.26,0.36] | [0.31,0.53] | [0.21,0.32] | [0.11,0.21]
Al4 | [0.48,0.62] | [0.25,0.33] | [0.26,0.36] | [0.30,0.50] | [0.15,0.23] | [0.11,0.21]
A15 | [0.71,0.91] | [0.39,0.56] | [0.42,0.63] | [0.45,0.73] | [0.23,0.39] | [0.18, 0.38]
A16 | [0.67,0.83] | [0.26,0.36] | [0.36,0.46] | [0.42, 0.67] | [0.16,0.25] | [0.15,0.27]
A17 | [0.77,1.00] | [0.50,1.00] | [0.39,0.50] | [0.48,0.80] | [0.30,0.70] | [0.17,0.30]
A18 | [0.77,1.00] | [0.42,0.63] | [0.42,0.56] | [0.48,0.80] | [0.25,0.44] | [0.18,0.33]
A19 | [0.48,0.56] | [0.26,0.36] | [0.31,0.39] | [0.30,0.44] | [0.16,0.25] | [0.13,0.23]
A20 | [0.62,0.77] | [0.39,0.50] | [0.26,0.36] | [0.39,0.61] | [0.23,0.35] | [0.11,0.21]
A21 | [0.67,0.83] | [0.46,0.72] | [0.33,0.42] | [0.42,0.67] | [0.27,0.50] | [0.14,0.25]
A22 | [0.67,0.83] | [0.36,0.50] | [0.33,0.42] | [0.42,0.67] | [0.21,0.35] | [0.14,0.25]
(A23) | [0.67,0.83] | [0.42,0.63] | [0.33,0.42] | [0.42,0.67] | [0.25,0.44] | [0.14, 0.25]
(A24) | [0.71,0.91] | [0.28,0.39] | [0.39,0.50] | [0.45,0.73] | [0.17,0.27] | [0.17, 0.30]

Then, according to formulas (8) and (9), the ideal solution, i.e. the best alternative,
was identified in the form of [0.48, 0.80] [0.30, 0.70] [0.22, 0.60]. Using the
principle of comparing two grey numbers and formula (10), a list of P¢ values was
obtained for all alternatives — Table 8.

Table 8. List of final results

Pci Pc2 Pcs Pc Wsimos
(Al) | 100 |1.00 |0.94 |098 | 0.02
A2 075 | 096 |073 |08L | 001
A3 090 | 091 | 094 | 091 | 004
A4 077 | 084 |1.00 | 087 | 002
A5 067 | 060 |050 |059 | 0.02
A6 090 | 084 |098 | 091 |013
A7 100 | 076 | 0.85 | 0.87 | 0.6
A8 090 | 096 | 094 |093 |0.06
A9 096 | 096 | 085 | 092 | 002

Al10 1.00 1.00 1.00 1.00 0.02
All 0.90 1.00 1.00 0.97 0.04
Al2 0.77 0.84 0.90 0.84 0.03
Al3 0.90 0.96 1.00 0.95 0.01
Al4 0.96 1.00 1.00 0.99 0.04
Al5 0.59 0.84 0.73 0.72 0.02
Al6 0.67 1.00 0.89 0.85 0.02
Al7 0.50 0.50 0.84 0.61 0.00
Al8 0.50 0.76 0.79 0.68 0.00
Al9 1.00 1.00 0.98 0.99 0.05
A20 0.75 0.90 1.00 0.88 0.07
A21 0.67 0.68 0.94 0.76 0.02
A22 0.67 0.91 0.94 0.84 0.02
(A23) 0.67 0.76 0.94 0.79 0.21
(A24) 0.59 1.00 0.84 0.81 0.07

P{As < A™%} = 0.59; P{A;, < A™%*} = 1.00
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In line with guidelines of stage 10 of the calculation procedure, the following final

ranking of work health and safety management system elements was compiled:

As > Ay7 > A1g > A1 > Apg > (A23) > (Az24) > Ay > Agp > A1y > A1 > 4y
> Ay > Apg > Ag > Az > Ag > Ag > A3 > Ay > (A1) > Agg
> A4 > Ago

As follows from our ranking of elements (stage 10 of the calculation procedure),

for such adopted assessment criteria, and for such established relation between

these criteria, the following alternatives turned out to be the closest to the ideal
alternative: A5- General planning requirements, A17- Purchases, and A18-

Subcontracting. Table 8 also lists the weights of the particular elements obtained

using the Simos procedure, which makes it easier to select the work health and

safety management system element with the relative lowest P value, as well as its
corresponding highest significance level within the system (see: A23 and A24).

Conclusion

The key problem we faced in our work was to decide on how to identify the
weights of the assessed alternatives, and how to identify significance levels of the
assessment criteria. The solution that has been most frequently used so far is
arbitrary identification of weights by a decision-maker, or a solution based upon
the maximum deviation method. Our approach proposes to use the Simos
procedure, which is available in literature, at the stage of identifying weights of the
particular work health and safety management system elements, and the arithmetic
mean method at the assessment aggregation stages. It is also possible to use
another, simpler aggregation process, e.g. using the weighted average, which
makes it possible to assign varying weights to assessments obtained from the
particular experts (e.g. to assign the highest weight to the assessment obtained from
the SUPA external auditor, or to assign the highest weight to the criterion C1 —
Meeting requirements). It is also important to clearly determine the nature of the
particular assessment criteria (cost-based only, profit-based only, or mixed), i.e., to
determine the purpose of the obtained hierarchy of elements of the system. In the
given situation, the adopted assessment criteria are all cost-based in nature (the
lower the value, the better), which follows from assessment model we have
adopted; although some other model could have been adopted as well. The
development of work health and safety management systems and the tendency to
integrate them with the remaining management systems within the company create
some serious requirements for the assessment of their performance. Analysis of the
reliable data and information received from the system is helpful in proper
identification of improvement targets and is conducive to more effective decisions.
Due to the fact that any management system is an intrinsically complicated system
that cannot be described using a single parameter only, the most recommended
approach in the area of studies concerning the functioning of the system is using
the multi-dimensional analysis approach, and, in consequence, multi-dimensional
(multi-criteria) methods. The approach as proposed herein, i.e. the approach based
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on the grey system theory, is beneficial in situations of imprecise or uncertain
information, which we have to do with in case of work health and safety
management systems. These studies as described above confirm that the approach
we have developed is useful as a multi-criteria decision-making tool in the area of
work health and safety management systems, in terms of streamlining elements of
the management system in connection with the need to improve it. Practical
application of the approach as presented herein will make it possible to reduce
uncertainty levels that tend to occur while making decisions concerning focusing of
the improvement measures upon those elements of the system, which are important
from the decision-maker’s point of view. This paper describes an original
application of the GST concept in the area of management system improvements,
including work health and safety management system improvements. The further
research will be focused upon developing new hybrid, multi-criteria assessment
methods, which will link together some well-elaborated basic multi-criteria
decision-making methods within the frameworks of the grey system theory.
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PODEJSCIE DO DOSKONALENIA SYSTEMU ZARZADZANIA BHP
OPARTE NA PODEJMOWANIU SZARYCH DECYZJI

Streszczenie: Celem artykutu jest przedstawienie i zweryfikowanie podej$cia za pomoca,
ktérego mozna uporzadkowaé elementy systemu zarzadzania wedlug przyjetych przez
decydentow kryteriow decyzyjnych, co pozwoli na zmniejszenie niespdjnosci w ramach
podejmowania decyzji o ukierunkowaniu dziatan doskonalgcych system. W podejsciu
wykorzystano koncepcje szarych systemow oraz whasciwosci szarych liczb. Jako kryteria
oceny, poszczegolnych elementéw systemu pod katem doskonalenia, wykorzystano trzy
parametry o charakterze kosztowym: spelnieniec wymagan, koszty realizacji oraz czas
realizacji. Podejscie zostato zweryfikowane w firmie z branzy produkcji mebli, na bazie
funkcjonujacego w tym przedsigbiorstwie systemu zarzadzania bhp wg PN-N 18001.
Wykorzystanie zaproponowanego podej$cia umozliwito uszeregowanie wszystkich
elementdw ocenianego systemu oraz zidentyfikowanie tych, ktére mozna udoskonali¢
W pierwszej kolejnosci, uwzgledniajac przyjete kryteria oceny. Niniejszy artykut uzupehia
braki w zakresie wykorzystania teorii szarych systeméw do doskonalenia systemow
zarzadzania bhp i stanowi oryginalne zastosowanie tej koncepcji w ramach zarzadzania
bezpieczenstwem i higieng pracy. Zaprezentowane podejscie moze stanowié istotne
narz¢dzie w ramach doskonalenia systemow zarzadzania, nie tylko dedykowanych bhp.
Stowa Kkluczowe: system zarzadzania, BHP, przedsigbiorstwa, wielokryterialne
podejmowanie decyzji, teoria szarych systemow

ETRERRYGHER 2B BRI

TR AR H AR B 1% 515, (R Bh TiZ 071k, 18] DIARYE o 5 3 % A de ok
WRUELH VB BSRGEHBESR, BORHA B T8l D SR ) S e ) R — B, 1% 05 148 K
R GEHIME SRR TR B, (ER I ARAE, SRR DRIt i, A
T SRS BRSPS A B AN SE BRI (], ARSEPN-N

18001, % T HEELAER HAT AN TR EARIIATE, %A TR TIEIZA TS MOHSE
BESRYE, il AR ) 5 B 5 AT RE N T A R G T A B R THER, HESE
AT R H BV ATHERI TG I T, & Jehf i nT LA B R G0, ARSCHNTE T8 FH IR (0 R 4 BE
WU R R 2E BRI E, JFH X —BEETER fd BN 22 248 BHE AL Y
JEAAR FH , FITHE B 5 15 AT DARROR St & BR GE 0 B B T 2, W AR L iR
a4,

AR E AR, B R A, el SFRUEOR, IR R SGHENS

402



