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Abstract. The protection of rights and disabled persons' safety are the most sensitive
elements of social development policy, and also economic and social policy. Nowadays,
disability should be viewed from a human rights perspective. One of the problems
pertaining to the employment of persons with physical disabilities is infrastructure
(architectural barriers) on the one hand, and organized transport on the other. The main
objective of this paper is to consider the issue of transportation for employees with
physical disabilities, which is a significant factor for providing employment opportunities
for these persons in the Republic of Serbia. The overall aim of this paper is to determine
the ergonomically most suitable and economically acceptable technical solution using the
AHP method when adapting the existing vehicles into the vehicles intended for the
transport of persons with mobility impairments.

Key words: Analytic Hierarchy Process (AHP), corrective ergonomics, disability,
transportation of employees with physical disabilities, lifting platform for a
wheelchair, cassette wheelchair lift for mini-bus, cassette wheelchair lift for
bus, ramp.

1. INTRODUCTION

Disability is a complex social phenomenon that practically appears in all areas of modern
life and requires a multi-sectoral approach and cooperation between different bodies of
authorities, local governments, civil society, the disabled themselves and their organizations.
Special emphasis is placed on guarantees of equality to persons with disabilities, non-
discrimination and their full participation in society, i.e. the collective [1].
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The number of persons with disabilities and the percentage they make up of the
overall population varies across the regions and parts of the world, due to differences in
methodology which refers to both data collection and data generation (censuses, surveys,
etc.), as well as due to diverse definitions of the term "disability”. In the Republic of
Serbia, it is estimated that there are about 700,000 people with disabilities; however, there
are no official data about the exact number and disability grading [2].

Such data only indicate that we must pay special attention to all persons with some form
of disability in order to facilitate their integration into society or the collective, and ensure
the full enjoyment of all rights that belong to them. Although each disability group requires
special attention, and also a separate analysis and approach to problem-solving due to the
nature of the disability, the focus of this paper shall be on the persons with movement
disabilities, i.e. the persons with lower extremity functional loss. Since they have difficulties
to move, this requires certain changes and adaptations both by the persons with this type of
disability and the society, i.e. the collective. Therefore, the main objective of this paper is to
scrutinize the problems of transportation of employees with lower limb immobility, which is
one of the main obstacles in their employment.

Also, one of the problems pertaining to the employment of persons with physical
disabilities is infrastructure (architectural barriers) on the one hand, and organized transport
on the other. Many employers cannot offer the job to the persons with movement disabilities
due to the lack of disability-related capacities that were not included at the stage of building
design.

In our country, this problem was recognized two decades ago when the legal framework
was created, which afterward resulted in the adoption of the Planning and Construction Act
in 2009. This Law stipulates that "buildings for public and business purposes, as well as
other public buildings (streets, squares, parks, etc.), must be designed, built and maintained
so that they provide to all users, especially persons with disabilities, children and the elderly,
an unimpeded access, movement and residence, or the use in accordance with the relevant
technical regulations... " [3]. Unfortunately, although the above-mentioned Law came into
force two decades ago, we often see that many public buildings are still not accessible for
persons with physical disabilities. Apart from inaccessible entrances, the evidence to this is
the results of the most recent Serbian research on social integration of persons with
disabilities and the employment issues. The research shows that the most frequent response
by the persons with disabilities when asked to "make a list" of the most common obstacles
they face on a daily basis, is "a large number of architectural barriers” [4]. On the other
hand, organized transport to the workplace is another important prerequisite when hiring
disabled persons.

For people with disabilities, transportation can be organized in two ways:

1) The first option involves using accessible public transportation, where individual
vehicles (low-floor vehicles) are equipped with the appropriate platform designed for
wheelchair access.

2) The second option involves a special shuttle van, which provides door-to-door service;
in this case, the disabled persons should apply to the City administration, and then the
vehicle should pick them up at a scheduled time and take them to their workplaces.

However, in spite of the aforementioned ways of organizing transportation for persons
with physical disabilities, there are many problems that can occur in practice. When it
comes to public transport vehicles with built-in passenger ramps in the so-called low
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floor, they are not a guarantee, either to the persons with disabilities that they will get into
these vehicles or to the employers that their workers will arrive on time. Another problem
with public transportation is an insufficient number of low-floor vehicles with ramped
access for disabled people. Moreover, GSP Belgrade is the only company in Serbia that
has some kind of specialized transport, which involves door-to-door transportation of
disabled persons. Besides, the problem, in this case, is an insufficient number of these
vehicles that would satisfy the overall market, on the one hand, and the insufficient space
(comfort) in the vehicle itself to accommodate more disabled persons on the other. The
above reasons were the main motive for research and analysis of modern ergonomic
solutions, which can be used to address the problem of organized transport of disabled
persons in the Republic of Serbia. Choosing an economically justified ergonomic solution
for the transportation of persons with disabilities in our country can contribute to
satisfying one of the basic requirements for the successful employment of these persons.
Also, the employers would feel more secure about their employees arriving to work on
time, as well as their safe return homes.

2. METHODOLOGY

Providing transport to people with disabilities to their workplaces and choosing the
most ergonomically acceptable solution depends primarily on the financial capabilities of
the country or the town. Two basic approaches to solving the problem of organized
transportation of employees with physical disabilities are:

1) Purchase of new (modern) vehicles adapted solely to transport disabled persons

2) Adaptation of existing vehicles to the needs of disabled persons, by applying

corrective ergonomics, installing auxiliary equipment (Ramps, Cassette wheelchair
lift for bus, Cassette wheelchair lift for mini-bus, Lifting platform for a wheelchair)
intended for the smooth entry and exit from the vehicle.

The most efficient solution would certainly be the first one which involves the
purchase of new vehicles designed for the transport of disabled persons. However, it is
not always feasible, primarily due to financial reasons, since this approach involves not
only the purchase of new vehicles but also an additional expansion of technological
capacities and investments (the space for garages, maintenance, services, etc.).

A more practical and feasible solution is the second approach, by which the existing
vehicles should be adapted to the transportation of the disabled people. The problem here
refers to the most appropriate solutions for retrofitting the existing vehicles. This entails
various criteria for consideration when making a final decision. In case of making
decisions about retrofitting already existing vehicles to the disabled persons and choosing
the most economically viable and ergonomically suitable solution from the many
alternatives (Ramps, Cassette wheelchair lift for bus, Cassette wheelchair lift for mini-
bus, Lifting platform for a wheelchair), we used the AHP method.

The original AHP (Analytic Hierarchy Process) was developed by Thomas L. Saaty
[5]. Multi-criteria decision-making process is an integrated evaluation process, where
multiple attributes are used to obtain the results of integrated decision-making [6].

The AHP method is one of the most famous and most frequently used methods in
decision situations, when the decision-making process, or choosing and ranking of the
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available alternatives is based on multiple attributes (criteria) of different importance and
expressed by different scales. It allows for flexibility in the decision-making process and
helps decision-makers to set priorities and make good decisions, taking into account the
qualitative/quantitative aspects of the decision [7].

AHP is a multi-criteria method based on the disaggregation of a more complex
problem on several levels of hierarchy with an established objective on the top as the first
level. The following level is criteria and sub-criteria whereas the final level shows the
alternatives. Three levels constitute the basics of AHP hierarchy (objective, criteria and,
alternatives); however, it is achievable to further disaggregate this structure.

Methodologically speaking, the AHP is a multi-criteria technique that is based on
decomposing a complex problem in a hierarchy. The goal is at the top of the hierarchy,
while the criteria, sub-criteria and alternatives are at the lower levels [8]. Hence, the
approach for defining problems is from top to bottom (top-down). AHP allows evaluation
of levels in both directions (top-down) and (bottom-up), while in practice the evaluation
starts from the top, i.e. the evaluation of criteria related to objectives, sub-criteria related
to criteria, alternatives related to sub-criteria [9,10]. The final result of an AHP method is
a list of relevant alternatives related to the objective.

The pairwise comparison scale [11, 12] by Saaty scale is presented in Table 1, which
is considered as a base for AHP implementation.

Table 1 The pairwise comparison scale

Intensity of Definition Explanation

importance

1 Equal importance Two activities contribute equally to the objective

3 Moderate importance Experience and judgment slightly favour one activity
over another

5 Strong importance Experience and judgment strongly favour one activity
over another

7 Very strong or An activity is favoured very strongly over another; its

demonstrated importance dominance demonstrated in practice
9 Extreme importance The evidence favouring one activity over another is of

the highest possible order of affirmation
2,4,6,8 Intermediate values

AHP method, used for selecting, consists of the following steps [13, 14]:

= The overall goal (objective) is identified and clearly defined.

= The criteria, sub-criteria and alternatives which contribute to the overall goal are
identified.

= The hierarchical structure is formed.

= A pairwise comparison is made.

= The priority weights vector is estimated by using the eigenvalue method.

= The consistency of judgments is checked.

= The global priority vector is calculated.
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When it is assumed that (A;, A,,...,A,) is any set of n elements, then a sample of a
square matrix can be produced as below by pairwise comparisons of each element. Here,
each (A;, A)) judgment is represented as a;. Because a;; = 1, for all i the diagonal of the
matrix contains entries of 1.

all a12 aln

a,, a ... a

: 21 : 22 : 2n (1)
dy Apo ... Qup

When (wy, w,...,w,) are the elements of corresponding weights; the dominance of an
element in the row over the element in the column is represented as w; / w;.

AHP method compares the related weights of each element concerning the goal. The
general form of a comparison matrix of AHP is given as follows:

W W W
wow, W
Wp Wp W
A=l w w, w, (2)
Wn Wn Wn
wow, gy

Then the problem turns into a general process for calculating the largest eigenvalue
corresponding to eigenvector to assess the Consistency Index (C.l.), where A is the
matrix, X is the eigenvector and X is the eigenvalue. When we divide C.I. by the random
consistency number, the final value must be less than 0.10 [15].

AX = AX 3)
c.|.=% 4)

The main advantage of an AHP approach is that, apart from individual decision making,
it allows group decision making. Previously described procedures related to individual
decision making represent the basics of group evaluation where we have more decision-
makers with fundamental differences concerning the summary of final results. Moreover,
individual decision making is also very useful to derive rank lists and prioritize.

3. RESULTS

Based on the clearly stated problem of "selecting the ergonomically most suitable
solution for retrofitting the existing vehicles to vehicles intended for special purposes and
transport of disabled people who use wheelchairs", we have obtained the following results
using the AHP method.
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The research goal, the alternatives considered as the most suitable solution, and the
criteria (attributes) based on which the alternatives are considered to constitute the
structure of the research problem shown in Figure 1.

Corrective vehicles
ergonomics

Load-bearing

. Installation Controllability Cost Reliability
capacity

Lifting platform for Cassette wheelchair Cassette wheelchair
wheelchair lift for mini-bus lift for bus

Fig. 1 Structure of the research problem

We used the following comparative data to select the best ergonomic solution using
the approximate and computer-supported AHP method (Table 2):

= K1-Maximum load (kg)

= K2 - Installation possibility

= K3 - Controllability

= K4 -Cost (€)

» K5 — Reliability

Table 2 Criteria for assessing the ergonomic suitability of the vehicle

K1 K2 K3 K4 K5
Al 340 kg easy automatic 29.900€ high
A2 350 kg medium-easy semi-automatic 25.000€ average
A3 360 kg medium-difficult semi-automatic 27.000€ average
A4 600 kg easy manual 15.000€ very high

By comparing the importance of individual criteria according to Saaty's “1 to 9 scale,
we defined the decision matrix and normalized the obtained values (Table 3).
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Table 3 The comparison of the importance of criteria

Load-bearing Installation Controllability Cost Reliability
capacity
Load-hearing capacity 1 0,2 0,333 0,143 0,333
Installation 5 1 5 0,333 5
Controllability 3 0,2 1 0,143 0,333
Cost 7 3 7 1 5
Reliability 3 0,2 3 0,2 1
z 19 4,6 16,333 1,819 11,666

The decision maker's rating for the given criterion (X ), i.e. rating the quality of the
individual criteria is presented in the following matrix.

Table 4 Rating the quality of the individual criteria

Load-bearing Installation Controllability ~ Cost Reliability X

capacity
Load-bearing capacity [ 0,053 0,043 0,020 0,079 0,029 | 0,045
Installation 0,263 0,217 0,306 0,183 0,429 0,280
Controllability 0,158 0,043 0,061 0,079 0,029 » 0,074
|Cost 0,368 0,652 0,429 0,550 0,429 0,486 |
Reliability | 0,158 0,043 0,184 0,110 0,086 ) 0,116

The rating obtained in this way can be interpreted as the weighted preference of one
alternative over the others, and it represents the weights we shall use to make the final
decision. With this approach, we get more accurate and fixed solutions. They are more
accurate due to pairwise comparisons, and also more fixed because a small change in
values will not cause great changes in final assessments.

The selection of the most significant alternative, in this case the design solution, for
each criterion separately, is presented in the following matrices according to the same
principle.

Table 5 Assessments and priorities pertaining to Load-Bearing Capacity:

Al A2 A3 A4
Al 1 0,5 0,5 0,2
A2 2 1 0,5 0,25
A3 2 2 1 0,25
A4 5 4 4 1
2z 10 7,5 6 1,7
Al A2 A3 A4 X
Al 0,100 0,067 0,083 0,118 0,092
A2 0,200 0,133 0,083 0,147 0,141
A3 0,200 0,267 0,167 0,147 0,195

Ad 0,500 0,533 0,667 0,588 0,572
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Table 6 Assessments and priorities pertaining to Installation:
Al A2 A3 A4
Al 1 3 4 1
A2 0,333 1 3 0,333
A3 0,25 0,333 1 0,2
A4 1 3 5 1
Z 2,583 7,333 13 2,533
Al A2 A3 A4 X
Al 0,387 0,409 0,308 0,395 0,375
A2 0,129 0,136 0,231 0,131 0,157
A3 0,097 0,045 0,077 0,079 0,075
A4 0,387 0,409 0,385 0,395 0,394
Table 7 Assessments and priorities pertaining to Controllability:
Al A2 A3 A4
Al 1 4 1 7
A2 0,25 1 0,25 5
A3 1 4 1 7
A4 0,142 0,2 0,142 1
z 2,392 9,2 2,392 20
Al A2 A3 A4 X
Al 0,418 0,435 0,418 0,350 0,405
A2 0,105 0,109 0,105 0,250 0,142
A3 0,418 0,435 0,418 0,350 0,405
A4 0,059 0,022 0,059 0,050 0,048
Table 8 Assessments and priorities pertaining to Cost:
Al A2 A3 A4
Al 1 0,333 0,5 0,142
A2 3 1 2 0,2
A3 2 0,5 1 0,166
A4 7 5 6 1
Xz 13 6,833 9,5 1,508
Al A2 A3 A4 X
Al 0,077 0,049 0,053 0,093 0,068
A2 0,231 0,146 0,211 0,133 0,180
A3 0,154 0,073 0,105 0,110 0,111
A4 0,538 0,732 0,632 0,663 0,641
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Table 9 Assessments and priorities pertaining to Reliability:

Al A2 A3 A4

Al 1 5 5 0,333
A2 0,2 1 1 0,166
A3 0,2 1 1 0,166
A4 3 6 6 1
> 4,4 13 13 1,665

Al A2 A3 Ad X
Al 0,227 0,385 0,385 0,200 0,299
A2 0,045 0,077 0,077 0,100 0,075
A3 0,045 0,077 0,077 0,100 0,075
Ad 0,682 0,462 0,462 0,601 0,551

The following table shows the decision matrix.

Table 10 Decision matrix

K1 K2 K3 K4 K5
Al 0,092 0,375 0,405 0,068 0,299
A2 0,141 0,157 0,142 0,180 0,075
A3 0,195 0,075 0,405 0,111 0,075
A4 0,572 0,394 0,048 0,641 0,551
Weight 0,045 0,280 0,074 0,486 0,116

Based on additive weights (Table 11), we decided which design solution (alternative)
is the best for the observed research problem.

Table 11 Choosing the most ergonomically suitable vehicle

Weighted sum z
Al 0,092+0,045+0,375+0,280+0,405+0,074+0,068+0,486+0,299+0,116 0,207
A2 0,141+0,045+0,157+0,280+0,142+0,074+0,180+0,486+0,075+0,116 0,157
A3 0,195+0,045+0,075+0,280+0,405+0,074-+0,111+0,486+0,075+0,116 0,121
Ad 0,572+0,045+0,394+0,280+0,048+0,074+0,641+0,486+0,551+0,116 0,515
1

By analyzing the criteria and alternatives for choosing the ergonomically most suitable
design solution for the transportation of persons with physical disabilities in the Republic
of Serbia, the solutions for retrofitting the existing vehicles into special purpose vehicles
have been proposed, as shown in Figure 2.
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THE ORDER OF THE ALTERNATIVES

Wheelchair Lifts Cassette lift for public  Cassette wheelchair lift
transport mini-buses  for coaches and transit
buses

Fig. 2 Ranking the alternatives relating to the research problem

4. CONCLUSION

Persons with disabilities, including persons with movement disabilities, represent the
"vulnerable" category of employees who need to be given particular attention throughout
their life and professional development. First of all, it involves the support in their
employment careers, the adaptation of the work process to their remaining capacities,
acceptance by the collective, creation of opportunities for their improvement, progress and
similar. We are now witnessing a large number of problems that make it difficult for persons
with disabilities to find jobs and participate in the labour market. Some of the key
problems are architectural barriers and architectural limitations on the one hand, and the
problem of organized transportation on the other.

Since architectural barriers are issue that needs to be addressed systematically, and it
also takes a long time to eliminate all infrastructure failures from the past, this paper deals
with the issue of organized transportation for employees with physical disabilities using
the AHP method. This method is a widespread tool and is increasingly used when solving
complex problems and making important decisions. It refers to, first and foremost, the
setting of the most realistically important criteria to be considered in order to select the
most suitable alternative.

Having analyzed some of the contemporary solutions, as well as the criteria for each
of these solutions, it can be concluded that the most suitable solution for retrofitting
already existing vehicles into vehicles intended for special purposes and transportation of
persons with movement disabilities in our country are the so-called ramps. The most
important parameters which made the ramp the ergonomically and economically suitable
solution are their cost and ease of installation, without additional vehicle adjustments.
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PROCENA ERGONOMSKE PODOBNOSTI VOZILA
NAMENJENIH ZAPOSLENIMA SA TELESNIM
INVALIDITETOM - AHP PRISTUP

Zastita prava i bezbednost osoba sa invaliditetom jedan je od najdelikatnijih elemenata

drustveno-razvojne, ekonomske i pre svega socijalne politike uopste. Zbog toga se polozaj osoba sa
invaliditetom danas mora posmatrati pre svega kao pitanje ljudskih prava. Jedan od problema
prilikom zaposljavanja osoba sa telesnim invaliditetom jeste infrastrukturne prirode (arhitektonske
barijere), sa jedne strane, i organizovani prevoz, sa druge strane. Osnovni cilj ovog rada je
sagledavanje problema prevoza zaposlenih sa telesnim invaliditetom, Sto predstavija jedan od
znacajnih faktora prilikom zaposljavanja ovih lica u Republici Srbiji. Krajnji cilj ovog rada jeste da
se primenom AHP metode utvrdi ergonomski najpodobnije i ekonomski najprihvatljivije tehnicko
reSenje prilikom prilagodavanja postojecih vozila u vozila namenjena za prevoz nepokretnih osoba.

Kljuéne re¢i: Analiticki hijerarhijski proces (AHP), korektivha ergonomija, invaliditet, prevoz

zaposlenih sa telesnim invaliditetom, podizna platforma, kasetni lift za minibus,
kasetni lift za autobus, rampa.
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