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Abstract

This paper presents a comprehensive application of the Multi-Criteria Decision-Making (MCDM) approach
to evaluate and rank different models of welding goggles. The study uses both the Mean Weight and
Entropy Weight methods in conjunction with five different MCDM techniques—TOPSIS, CODAS,
COPRAS, SAW, and MOORA. These methods provide an insightful comparison and robust ranking of
various goggle models. The analysis consistently highlighted 'ArcOne The Fly Safety Goggles' and

'3M Speedglas 100 Series’ as superior performers across multiple criteria.
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1 INTRODUCTION

Occupational safety and health (OSH) are an essential
aspect of any workplace, as it ensures the well-being and
productivity of employees. Employers and organizations
have a moral, legal, and financial responsibility to ensure a
safe and healthy working environment. A crucial aspect of
OSH is the appropriate selection and use of safety
equipment, which can prevent accidents, injuries, and
fatalities. The process of selecting the appropriate safety
equipment is a complex task that requires the consideration
of multiple factors like type of hazard, severity of the risk,
effectiveness of the equipment, ease of use, and cost. This
is especially true when we consider safety glasses or
welding goggles, as they are crucial in protecting workers
from potential hazards associated with welding operations,
such as intense light, infrared and ultraviolet radiation,
sparks, and metal debris. Traditionally, safety equipment
selection has been a subjective process based on the
experience and judgment of safety professionals. However,
this approach can be prone to errors, biases, and
inconsistencies.

The introduction of multi-criteria decision-making (MCDM)
approaches offers an opportunity to address these
challenges by providing a systematic and objective

framework for evaluating and selecting safety equipment.
MCDM approaches can integrate various criteria and
enable decision-makers to make informed choices based
on quantifiable evidence [Machida 2001]. Welding goggles
come with numerous variations in design, material, comfort,
lens shading, durability, and cost. Each of these factors
serves as a decision criterion in the MCDM approach. What
makes it challenging is that each criterion should be given
adequate weightage depending on the specific context of
the work and the welder's preferences. For instance, a
welding operation that primarily involves exposure to
intense light might require goggles with a higher emphasis
on lens shading, while one involving a lot of sparks might
demand goggles with better physical coverage. In the
literature, no such work on application of MCDM in selection
of welding googles is seen.

However, MCDM has been applied to other areas of
protective gear selection. For example, Seckiner and Unal
[Secgkiner 2021] used FAHP select the most efficient
personal protective equipment, including protective shoes,
helmets, earmuffs, and dust masks, for an effective
workplace safety program. Jin and Goodrum [Jin 2021]
developed a fuzzy multi-criteria decision-making model to
analyze the performance of fall protection plans in
construction projects, considering safety, productivity, and
economy factors to minimize fall risks, improve labour
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productivity, and save costs. Boris et al. [Boris 2019]
applied MCDM methods to workplace equipment selection,
showing the importance of criteria weighting for safety
decisions in varying contexts. Burcu et al. [Burcu 2016]
used AHP and fuzzy PROMETHEE to select gas
measurement devices, highlighting the role of universal
design for usability. Aamir et al. [Aamir 2021] developed a
fuzzy-TOPSIS model to evaluate safety equipment,
integrating risk assessments for comprehensive decision-
making. Nilufer et al. [Nilufer 2022] employed AHP to select
PPE, with safety features prioritized over comfort and
design in hazardous environments. Robert et al. [Robert
2024] emphasized optimizing wearable sensor selection
through accuracy and usability, improving safety in critical
situations.

Despite the potential benefits of applying MCDM
approaches to safety equipment selection, there is limited
research in this area. This paper aims to bridge this gap by
providing a comprehensive study on the use of MCDM
approaches for selecting occupational safety equipment.
The primary problem addressed in this paper is the lack of
a systematic and objective approach to selecting
occupational safety equipment that accounts for multiple
criteria. Traditional safety equipment selection relies on the
experience and judgment of safety professionals, which can
lead to errors, biases, and inconsistencies. The application
of MCDM approaches offers an opportunity to overcome
these limitations and make informed decisions based on
quantifiable evidence. The problem can be summarized as
follows: How can MCDM approaches be applied to select
occupational safety equipment, considering multiple
criteria?

2 DESCRIPTION OF CASE STUDY
2.1 Problem Description

Welding produces intense light and heat, and sparks fly in
all directions. Moreover, some welding processes emit
harmful infrared and ultraviolet radiation. Welding goggles
protect the eyes from these risks. Welding produces a high
intensity of UV and infrared radiation. Long-term or even
short-term exposure to these radiations can lead to
conditions such as "welder's flash," cataracts, and other eye
injuries. Welding often produces sparks and metal spatter
that can cause serious eye injuries if not protected. Some
welding processes involve the use of chemicals which, if
they come into contact with the eye, can cause chemical
burns or other injuries.

Shade Range: Welding goggles come with different shade
numbers, which refer to the level of darkness of the lenses.
For example, gas welding generally requires shades 4-8,
while arc welding often requires shades 9-14.

Lens Material: Polycarbonate (PC) lenses are highly
impact-resistant and protect against UV and IR radiation,
while glass (G) lenses can handle higher temperatures.

Frame Material: Goggles should be made of sturdy,
durable materials that can withstand the harsh environment
of welding.

Ventilation: To prevent fogging, some welding goggles
have ventilation systems.

Auto-Darkening: It is a feature that auto darkens the
google where there is too much flash.

Comfort Features: Since welding often requires long
hours, the goggles must be comfortable to wear.

Safety Standards: Goggles should meet national and
international safety standards like American National
Standards Institute (ANSI) or the European Standard (EN).

Price Range: The cost of the google.
2.2 Dataset description

For this case study, 6 different pairs of welding google are
selected, as shown in Tab. 1. The dataset was compiled by
the authors using information available on their respective
manufacturer's/seller's website.

As seen from the above dataset in Tab. 1, the welding
google data is in categoric format. To convert this
qualitative data into quantitative data for applying MCDM,
some form of conversion must be carried out. However, it
should be noted that this conversion is a subjective process
and will largely depend on the preferences and the specific
needs of the project. To do the conversion, a scale is
assigned for the qualitative data based on general
considerations, but this can be adjusted by the decision
makers based on specific criteria. To conduct this analysis,
first numerical values is assigned to the qualitative data.

Shade Range: Since the shade range can be a range or a
fixed number, we can calculate this as the width of the
range. For a fixed shade, the range is 0. So, for instance,
for 3M Speedglas 100 Series, the range is 13 - 8 = 5. The
broader the shade range, the more versatile the goggles
are for different welding processes. Thus, this is a
maximization type criterion.

Lens Material: Here, Polycarbonate was assigned 2 (due
to its high impact resistance and UV protection) and Glass
as 1 (higher temperature resistance, but less impact
resistance). A higher score here indicates a more desirable
lens material. Thus, this is a maximization type criterion.

Frame Material: Here, Nylon was assigned 3 (due to its
strength and resistance to many environmental factors),
Rubber was assigned 2 (for its flexibility and resistance to
certain chemicals), PVC was assigned 1 (durable, but less
resistant to certain chemicals and conditions), and
Thermoplastic was assigned 2 (it offers a balance between
flexibility and rigidity). A higher score here indicates a more
durable and suitable frame material, indicating
maximization type criterion.

Ventilation: Here, Direct was assigned 2 and Indirect was
assigned 1 (since direct ventilation might offer better air
circulation). A higher score here suggests better ventilation
and therefore, potentially less fogging. Thus, this is a
maximization type criterion.

Auto-Darkening: Here, googles with auto-darkening was
assigned 2 and without was assigned 1. Auto-darkening is
a preferred feature, thus the higher the value, the better.
Thus, this is a maximization type criterion.

Comfort Features: Here, 1 point was awarded for each
feature mentioned. If only an adjustable strap is mentioned,
it gets a 1. If there is an adjustable strap and additional
padding, it gets a 2. This is also a maximization type
criterion.

Safety Standards: Since all meet the googles met ANSI
Z87.1 standard, a standard score of 2 was assigned.

Price Range: For low, moderate and high cost 3, 2 and 1
was assigned respectively. A lower price is generally more
desirable, so we would want to minimize this value.
However, during the transformation process we assigned
Low = 3, Moderate = 2, and High = 1, so in terms of Tab. 2,
this criterion can be treated as maximization type i.e., score
3 is more desirable as compared to 1.
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After assigning these numbers, Tab. 1 would be
transformed numerical values as shown in Tab. 2.

Tab. 1. Dataset on Welding Goggles

3 RESULTS AND DISCUSSION
3.1 Weight Assignment

The process of assigning weights in the MCDM approach
is pivotal as it provides a quantitative measure of the
importance of each criterion. In our study, we used both
Mean weight and Entropy method to determine these
weights for each criterion in the selection of welding
goggles.

As seenin Tab. 3, each criterion is assigned an equal mean
weight of 0.125, implying an initial assumption that all
factors are of equal importance. However, given the
intricacies of practical scenarios, all criteria may not hold
equal relevance in all contexts. Therefore, to introduce a
sense of relativity, we supplement this with the Entropy
method. The entropy method, rooted in information theory,
is employed to provide a measure of the diversity or
"disorder" associated with each criterion. The larger the
entropy value, the higher the uncertainty or variability
associated with a criterion, suggesting that it could have a
wider range of potential outcomes or effects. Conversely, a
lower entropy value implies less uncertainty or variability.

From Tab. 3, it is clear that 'Shade Range' has the highest

entropy value of 0.747907, indicating a considerable
degree of variability. This could be attributed to the diverse

Goggle Model  Sha Lens Frame Ventilati  Auto- Comfort Safety Price Data source
de Mater  Material on Darkeni  Features Standar Range (Retrieved on 5th July 2024)
Ran ial ng ds
ge
3M Speedglas 8-12 PC Nylon Indirect  Yes Adjustable  ANSI High https://www.3mindia.in/3M/en_IN/p/d/b
100 Series headband 787.1 00040423/
Miller Electric Fixe PC Rubber Indirect  No Adjustable  ANSI Moder  https://www.millerwelds.com/safety/saf
Shade 5.0 d5 headband Z87.1 ate ety-glasses/safety-glasses-m00483
ArcOne The 5-13 PC Nylon Indirect  Yes Foam ANSI High https://arclweldsafe.com/index.php/pro
Fly Safety padding, Z87.1 ducts/head-face/goggles/the-fly
Goggles Adjustable
Hobart Fixe G PVvC Indirect  No Adjustable  ANSI Low https://www.hobartwelders.com/safety/
770095 d5 strap 787.1 goggles-face-shields/goggles/2-x-425-
Oxy/Acetylene lens-oxyacetylene-goggles-with-flip-
front-770095
Jackson Fixe PC Thermopla Direct No Adjustable  ANSI Low https://www.jacksonsafety.com/product
Safety 15979 d5 stic strap 787.1 -page/cutting-goggle-iruv-shade-5-1
Lincoln Fixe G PVvC Indirect  No Adjustable  ANSI Low https://www.amazon.com/Lincoln-
Electric d5 headband Z87.1 Electric-KH976-Goggles-
KH976 Black/dp/B0148DRNRW
Tab. 2. Dataset on Welding Goggles after transformation
Shade Lens Frame Ventilat Auto- Comfort Safety Price
Goggle Model ) ) : .
Range Material Material ion Darkening Features Standards Range
3M _Speedglas 100 5 2 3 1 2 1 2 1
Series
Miller Electric Shade 0 2 2 1 1 1 2 2
5.0
ArcOne The Fly Safety 8 2 3 1 2 2 2 1
Goggles
Hobart 770095
Oxy/Acetylene 0 ! ! ! ! ! 2 3
Jackson Safety 15979 0 2 2 2 1 1 2 3
Lincoln Electric KH976 0 1 1 1 1 1 2 3
range of shades available in welding goggles,

corresponding to different types and intensities of welding
operations. Therefore, it becomes a highly variable criterion
based on the specific welding task and the individual
welder's comfort. On the other hand, 'Safety Standards' has
an entropy value of 0, indicating no variability. This
suggests that 'Safety Standards' is a universally required
feature in all welding goggles, irrespective of the type of
welding operation. It's a non-negotiable criterion, always
expected to be in place for any pair of welding goggles.

Tab. 3. Calculated weight Mean weight and Entropy method

Objectives Mean weight Entropy
Shade Range 0.125 0.747907
Lens Material 0.125 0.029641
Frame Material 0.125 0.059162

Ventilation 0.125 0.029776

Auto-Darkening 0.125 0.039952
Comfort Features 0.125 0.029776
Safety Standards 0.125 0

Price Range 0.125 0.063787
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3.2 Ranking with various MCDMs

Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) is a useful method in multi-criteria
decision-making as it identifies solutions that are closest to
the ideal and furthest from the negative-ideal solutions. By
applying TOPSIS to our set of criteria for the selection of
welding goggles, we aim to provide a comprehensive
ranking system that prioritizes the optimal balance of safety,
comfort, and cost-effectiveness. As per Fig. 1(a), '‘ArcOne
The Fly Safety Goggles' ranks first, suggesting that this
model offers a well-rounded performance across all criteria
when considering the mean weight of each criterion.
However, when taking the entropy into account, the same
model still holds the first rank, implying that this model can
handle the variability associated with the criteria effectively.
However, there's a variation in the ranking of other models
when we switch from mean weights to entropy weights. For
example, 'Miller Electric Shade 5.0' drops from the 4th rank
to the last in the entropy-TOPSIS analysis, indicating that
this model's performance may not be as robust in the face
of variability and uncertainty.

Combinative Distance-based Assessment (CODAS) is an
MCDM method that provides a comprehensive and reliable
tool for ranking alternatives based on multiple criteria.
Unlike TOPSIS, CODAS uses the concept of Euclidean and
Taxicab (Manhattan) distances, making it a robust method
for decision-making.

As per Fig. 1(b), 'ArcOne The Fly Safety Goggles' ranks
first, demonstrating a balanced performance across criteria.
'3M Speedglas 100 Series' follows in the second rank,
indicating it as another reliable alternative. On the other
hand, 'Hobart 770095 Oxy/Acetylene' and 'Lincoln Electric
KH976' share the last rank, suggesting they may not be
optimal choices given the current set of criteria.
Additionally, Entropy-CODAS also suggests 'ArcOne The
Fly Safety Goggles' as the first rank, highlighting the
model's consistent performance in diverse conditions. The
'3M Speedglas 100 Series' maintains its second rank, while
‘Miller Electric Shade 5.0' drops to the last position,
reflecting its poor performance in handling uncertainties
compared to other alternatives.

The Complex Proportional Assessment (COPRAS) is a
MCDM method that ranks alternatives based on their
weighted normalized values across various criteria. It
considers the relative importance of each criterion by using
a comprehensive and robust decision matrix. For the Mean
Weight-COPRAS (Fig. 1(c)), 'ArcOne The Fly Safety
Goggles' secure the top spot, followed by '3M Speedglas
100 Series' at second, and 'Jackson Safety 15979' at third
place. This ranking reflects their general performance
across all criteria with equal weights. Interestingly, 'Hobart
770095 Oxy/Acetylene’ and 'Lincoln Electric KH976' share
the last position, implying a lower overall performance
based on the current criteria. A similar trend is seen in the
Entropy-COPRAS (Fig. 1(c)), with 'ArcOne The Fly Safety
Goggles' maintaining the lead. This consistency suggests
that the 'ArcOne' model's performance is not only robust

under normal conditions but also remains relatively stable
under varying or uncertain conditions. Meanwhile, the '3M
Speedglas 100 Series' retains its second position. The
'‘Miller Electric Shade 5.0' drops to the fourth rank in this
assessment, indicating that it might not be as efficient under
uncertain conditions as the 'ArcOne' and '3M' models.

Simple Additive Weighting (SAW), also known as weighted
sum model, is a popular and straightforward multi-criteria
decision-making method. SAW computes the sum of the
weighted performance scores for each alternative, thereby
providing a global score which can be used to rank the
alternatives. Fig. 1(d) provides the SAW rankings based on
the mean weighted decision matrix. Similar to previous
analyses, 'ArcOne The Fly Safety Goggles' tops the list,
followed by '3M Speedglas 100 Series' and 'Jackson Safety
15979'. This ranking once again highlights the overall
strong performance of 'ArcOne The Fly Safety Goggles'
across all the considered features. The entropy-weighted
SAW method also results in the same ranking as the mean-
weighted one, which confirms the robustness of 'ArcOne
The Fly Safety Goggles' and '3M Speedglas 100 Series' as
top performers. Interestingly, 'Hobart 770095
Oxy/Acetylene' and 'Lincoln Electric KH976' tie at the last
spot in both assessments, suggesting that these models
may not be as effective or balanced across the considered
criteria compared to the other alternatives.

Multi-Objective Optimization on the basis of Ratio Analysis
(MOORA) is an advanced MCDM method. The primary goal
of MOORA is to rank alternatives based on a ratio system
and a reference point, thereby allowing for more objective
and comprehensive comparisons. Fig. 1(e) shows the
MOORA ranking based on the mean weighted decision
matrix. The 'ArcOne The Fly Safety Goggles' again tops the
list, followed by '3M Speedglas 100 Series' and 'Jackson
Safety 15979'. Interestingly, in this analysis, 'Jackson
Safety 15979’ ranks higher than 'Miller Electric Shade 5.0',
unlike in the SAW analysis. The entropy-weighted rankings
mirror those in the mean-weighted analysis, further
reinforcing the leading positions of 'ArcOne The Fly Safety
Goggles' and '3M Speedglas 100 Series'. Additionally,
'Hobart 770095 Oxy/Acetylene' and 'Lincoln Electric KH976'
rank last, consistent with previous findings from the SAW
method. From the MOORA analysis, it is clear that 'ArcOne
The Fly Safety Goggles' and '3M Speedglas 100 Series'
stand out in their performance across multiple criteria. This
demonstrates the usefulness of the MOORA method in
providing clear and consistent ranking of alternatives, which
can greatly aid decision-makers in their selection process.

Fig. 2 presents a comparative assessment of the similarity
in ranking of the various MCDMSs. It is seen that in general,
there is a high correlation in the ranking. In fact, in most
cases the exactly similar rankings are derived by different
methods. This high correlation further builds additional
confidence in the derived rankings, indicating that the
google selection problem can solved with high degree of
reliability

MM SCIENCE JOURNAL 1 2024 | DECEMBER
7946



O0——o0

O— Mean Weight
O— Entrapy
~ U\
u]

-

o—

A

AW

CODAS
o

HeaHA
bt |
1L

GRS Apogng
e

au Ay
=Sl

[l
sapiftiue

- fagng A7g

ALY AHIRTE

Goggle Model

Fe ey
HTIAATY P

Bl
swpdpaads prg

b
B
4 4
- ]
o4
7 |

o

“

—0O— Mean Weight
o —0O— Entropy
o
/ n\\\
n] (u]
0 o—>0———0

TOPSIS

DAEHY
EEEEERTY |
ween]

42651 Anrag
I.hV..J._.._ﬂ_

Ay ey
S0l

IR

s AHnr

| aaapus A

AL IO

Goggle Model

g pTs
| stmar sy

SELLHS (XL

| setipands s

T T
= = = =+
— o =

SEIUDISOLY IAE[Y

£+

1)

—0O— lean Weight
—— Entropy

/\

Goggle Model

o

/\

a

GEAHA
e |
o]

AE5CT Mg
| v

....._.._.,w._.._-?.ﬁ..u ¥ .a..n._ﬁ_
-Sring L

R
sty

- #17gms Ar

YT, AT

(G ey
Ralialic L 8

<G N
| epdpaacs

1.0

1\

—0O—Mean Weight

—— Entropy

COPRAS

HisHA
|- gy
U]

| ea8aT Aogrg
voEe|

A Ay AN
b CalHILE
(ICEHE

Bl oty
| dzaaeg Al
AL AROT

| oG s
B s BRI o

AL )]

| emfipaadg g

oy 08

== Mean Weight
—0— Entropy

MOORA

b — O o

Goggle Model

HraHA
|- punmag

o]

Asael Aneg
IFRFJ..:..._“

LA T AN
- SO0

Ll i)
sa(H5o0

|.._::._ By .m_._
S, Al Ly

0 APEUS
| 3o s

SO ]
" sepdpaads e

e 1.0

0.8
e
4
2

=
=

Fig. 1. Comparison of performance measure of various MCDMs for mean weight and entropy. (a) TOPSIS (b) CODAS (c)

COPRAS (d) SAW (e) MOORA
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Fig. 2. Comparison of Spearman correlation coefficient of all MCDM methods

4 CONCLUSION

The primary focus of this paper is to apply MCDM methods
to evaluate and rank various goggle models based on
multiple criteria. This approach assists in making more
informed decisions in the realm of product selection, where
there are often trade-offs to consider among multiple
important features. This research included the application
of both the Mean Weight and Entropy Weight methods in
the context of TOPSIS, CODAS, COPRAS, SAW and
MOORA, providing a comprehensive comparative
evaluation of the different goggle models. Based on the
extensive numerical experiments the following conclusion
can be drawn—

e The models 'ArcOne The Fly Safety Goggles' and '3M
Speedglas 100 Series' were consistently ranked high
across all methods, indicating their superior
performance on the considered criteria.

e It was observed that ‘Jackson Safety 15979' showed
an improved ranking in the MOORA analysis as
compared to the SAW analysis, indicating that different
MCDM methods can indeed result in different rankings.

e Both the Mean Weight and Entropy Weight methods
were utilized to provide a comprehensive comparison
and ensure the robustness of the rankings.

e The paper affirmed the importance of utilizing multiple
criteria in decision-making, especially in scenarios
where various important features or attributes are to be
considered.
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