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Abstract

Trucks are used by many industries in different sectors as industrial equipment. For that reason, selecting a truck without considering the
best attributes for the company could cause further problems. Therefore, this paper presents a systematic review of studies that approach
quantitative and qualitative decision-making methods and attributes that assist precise data collection. Thus, a framework was created to
describe the factors and characteristics of studies, such as application types, hybrid models, sources and data validation. As a result, 11
articles were selected out of 893, all published in English. By analyzing the selected papers, we found applications of several multicriteria
methods and a quality management tool to support decision-making. In addition, all the criteria, sub-criteria and attributes adopted by all
the 11 studies were summarized and classified within 12 factors in order to simplify them.

Keywords: truck selection; multicriteria decision; systematic review; qualitative and quantitative methods.

Apoyo para tomar decisiones sobre la seleccion de camiones de
transportes de carga: una revision sistematica

Resumen

El camion de carga pesada es utilizado por empresas como equipamientos industriales. Seleccionar un camion sin considerar los atributos
que mejor se adaptan a la empresa puede causar problemas operacionales y afectar el control de calidad. El objetivo del trabajo es describir
una revision sistematica de estudios cientificos que proponen métodos cuantitativos y cualitativos para apoyar la seleccion de camiones y
los atributos que ayudan a obtener informaciones de rendimiento del vehiculo. Primero se clasificaron los trabajos por diversos factores y
caracteristicas como, por ejemplo, combinaciones de métodos y modelos, tipo de aplicacion, entre otros. Después se seleccionaron 11
trabajos de 893 reunidos con la revision sistematica. Con la investigacion se encontraron métodos multicriterio y una herramienta de calidad
aplicada para apoyar la toma de decisiones. También se reunieron 12 factores criticos a partir de los criterios, subcriterios y atributos
utilizados para la seleccion de camiones y control de calidad.

Palabras clave: seleccion de camiones; decision multicriterio; revision sistematica; métodos cuantitativos y cualitativos.

1. Introduction and methods to help find the best solution [2]. MCDM
(Multicriteria Decision-Making) Methods can be classified in
many ways. One of them uses characteristics to classify the

methods as multi-attribute (MADM, Multi-Attribute

The complexity of making a decision increases according
to technological advances and the range of alternatives and

products. To filter all the possibilities, decision-makers
consider a set of criteria and goals in evaluations to make a
decision.

In order to reduce the complexity of problems with
multiple decision criteria, researchers have developed tools

Decision Making) or multi-objective (MODM, Multi-
Objective Decision Making). Another classification is
presented by Guarnieri (2015): Multi-Attribute Utility
Theory, Interactive Methods or Over Classification
Approach [6].
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Equipment selection is an important decision for many
industrial processes, with many criteria to consider. In
particular, the selection of transportation equipment used for
loading final products or raw materials is a pivotal decision
that may impact organizational performance on a positive or
negative way.

The truck selection issue is a practical problem that aims
to rank various truck models (decision alternatives) based on
a set of evaluation criteria. There are several criteria that can
be adopted by decision-makers to assess the alternatives,
such as cost, time, maintenance ease, availability, failures,
sale ease etc. However, many of these criteria cannot be
accurately assessed, so subjective assessment is required
[1,5,15].

In this context, this paper presents a Systematic Literature
Review (SLR) that seeks to identify studies on the use of
MCDM Methods in truck selection in order to identify
criteria, sub-criteria and techniques applied to solve the
problem.

2. Systematic literature review

Systematic literature review (SLR) is a research approach
that uses literature as its sources. In the scientific field, SLR
is characterized by identifying research questions and
justifying future studies. Designing a systematic review
implies developing a search strategy, taking well-defined
steps and establishing exclusion and inclusion criteria for the
references [14].

The main goal of a SLR is to synthesize existing studies
that will serve as evidence for the further work. It is
structured by a review protocol that specifies the research and
its goals, as well as the methods that will be used to avoid
biased results and also allow replication [8,13].

Planning a SLR involves specifying research questions,
developing and evaluating a review protocol, searching and
selecting articles, extracting and analyzing data and also
reporting the results obtained. Therefore, the need of a SLR
arises from researchers’ desires to summarize all literary
information about any study theme. Specifying the research
questions is considered the most important task, as the review
revolves around these questions, and the studies found should
answer them [8].

The review protocol is a guide that aims to clearly and
transparently record and describe the review methods and
strategies that will be used for performing the SLR. It is
necessary to minimize the risks of systematic errors or
decisions made by “guesswork” [3].

For this study, the following steps were considered:

e  Plan: The protocol, in which the search process and
the study extraction methods were defined, was elaborated.

e  Research Protocol Evaluation: Due to the
significance of the protocol in SLR elaboration, and
following the guidelines by Kitchenham (2007), the study
was submitted to a protocol evaluation by independent
experts. This assessment was applied using Google Forms
tool, through which experts were invited to take part in a

Table 1.
Experts Profile.
Experts Formation University
Doctora.l degree in Federal Technological
A Production . |
. . University of Parana
Engineering
Doctoral degree in
B Production State University of Maringa
Engineering
Doctoral degree in
C Production State University of Maringa
Engineering

Source: The Authors.

survey. The results of the protocol evaluation are
presented and discussed in the following sections.

e Protocol Refinement: Considering the data collected in
the previous step, the protocol was analyzed again, taking
into consideration the experts' indications, and, then, it
was modified.

e Systematic Review Execution: At this stage, actions
predefined in the review protocol were performed.

The protocol evaluated by three independent experts
resulted in many responses presented in Appendix A, and

experts’ profiles are presented in Table 1.

2.1. Research questions

Research questions serve as a guide for SLR, shaping the
information obtained to achieve the aim of the study,
avoiding unnecessary information and keeping the focus of
the research. These are the research questions:

1.  What are the quantitative or qualitative decision
support methods used to select trucks or vehicles?

2. What are the criteria and sub-criteria used?

3. What procedures are used to determine and/or
evaluate the criteria and sub-criteria?

4. Was any computational tool used? If so, which?

5. What application type (real or simulated) was used?

6. How were the data to evaluate the trucks (or
vehicles) obtained?

2.2. Search Strategy

The approach to the search process should combine
automatic and manual search, because the former has a
longer reach, and the latter ensures that no article has been
left behind [8].

The databases used to select the papers were chosen based
onreviews by Lima Jr., Osiro and Carpinetti (2013) and Lima
Jr. and Carpinetti (2017). One of them was suggested by one
of the experts. Here they are:

e [EEE Xplore (https://ieeexplore.ieee.org);

e Scopus (https://www.scopus.com);

e  Engineering Village
(https://www.engineeringvillage.com);

e Science Direct (https://www.sciencedirect.com);
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e  Web of Science (apps.webofknowledge.com);

e  Emerald Insight (Wwww.emeraldinsight.com);

e  Google Scholar (https://scholar.google.com.br).

Correct determination of the keywords is really
important, because the exclusion and inclusion criteria start
at that stage. These criteria depend on the sequence of strings,
thus, working as a primary filter [16].

An alternative in terms of approach is breaking the
questions into individual words, then list the synonyms and
abbreviations for each one of them. Other terms can be
determined through combinations and adaptations of other
systematic reviews [8].

Therefore, the search strings were constructed by using
connectors AND and OR, which resulted in the following
combination: {multicriteria* OR (multiple criteria)* OR
(multi-attribute)* OR (decision-making)*} AND {truck* OR
(road transport vehicle)* OR (freight transport)* OR vehicle*
OR (transport vehicle)* OR (freight vehicle)* OR (loading
vehicle)* OR fleet* OR (truck fleets)* OR cart*}.

2.3. Selection strategy

The selection strategy identifies the first studies that
answer the research questions in a most direct way. In order
to select only studies aligned with the systematic review
scope, the exclusion and inclusion criteria determined should
be based on those questions. These criteria should ensure
reliable interpretation and correct classification [8].

. The exclusion criteria defined are:
Not written in English;
Obsolete (over 15 years);
Not peer reviewed (gray literature);
Not related to vehicle selection;
In case of duplicate publications or those with the same
results, the most complete one is kept;
Papers that do not adequately answer the research
questions;
7. Not available online.
B. The inclusion criteria defined are:
1. The papers that include the selection criteria, techniques,
and/or tools used to support truck selection.

The exclusion and inclusion criteria were based on other
systematic reviews, on difficulty to find results and on the
experience of authors b, ¢ and d, besides being evaluated by
three other experts.

M

*

2.4. Extraction Strategy

The search was done in November 2018, on the databases
presented in Section 2.2, to find the primary studies. They
were extracted and inserted into the StArt' Software.
Through that tool, duplicate publications were ruled out, and
the titles, abstracts and keywords of each study were read.
The reading stage lasted two months and took place from
December 2018 to January 2019.

1 http://lapes.dc.ufscar.br/tools/start_tool
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Table 2.
Search procedure results according to each database.

Number of returned Number of
Databases . s
articles accepted articles
IEEE Xplore 233 7
Scopus 331 28
Engineering Village 20 7
Science Direct 106 9
Web of Science 27 5
Emerald Insight 78 4
Google Scholar 98 4
Total 893 64

Source: The Authors.

64 articles meet the
inclusion and exclusion
requirements.

At the end of the application of the strings on
databases, 64 articles were selected.

The 64 articles were thoroughly analyzed and 10 articles
(

at the end 10 articles were accepted. And 1 answered the 1 article foupd
. " ) by snowballing.
more article was found by snowballing. esearch questions.
At the end of the entire

process, 11 articles
were selected.

The systematic review is composed of the 11
articles selected.

Figure 1: Selection process steps.
Source: The Authors.

Table 2 presents the number of returned articles during
the application of the strings and the number of accepted ones
at the end of the procedure explained above, both related to
their databases.

The 64 resulting articles were fully read (including those
kept in case of doubt) and analyzed according to the inclusion
and exclusion criteria presented in Section 2.3. In this step,
we also analyzed how each article answered the research
questions. The entire process started in February and finished
in March, 2019.

At the end of the reading stage, 11 articles were accepted
for answering the research questions previously proposed in
the elaboration of the protocol. One of them was obtained by
snowballing. Fig. 1 demonstrates the steps and results of the
selection process.

3. Characterization and Results Discussion

Table 3 presents the selected articles, describing title,
author, publication year and journal.

During systematic review elaboration, the lack of
articles focusing on the truck selection problem became
evident. Therefore, it was essential to accept articles that
addressed vehicle selection and industrial locomotive
equipment problems. We also observed if the criteria, sub-
criteria and techniques could be applied to the truck
selection problem.

Thus, a bubble chart was devised to demonstrate the
distribution and relationship of the selected articles in
relation to significance and focus, as presented in Figure 2.
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Table 3.
Selected articles, their authors, years, and journal.
ID Title Author Year Journal
1 Utll}ty theory quel for Marzouk, M. 2005 Constru'ctlon
equipment selection Innovation
Multi-criteria  analysis Eizrfng, (é}VIV’
2 of alternative-fuel buses an d’ " 2005  Energy Policy
for public transportation Opricovic, S.
Multiple Criteria
Optimization ~Method Zak, I
. L Journal of
for the Vehicle Jaszkiewicz,
3 . . 2009  Advanced
Assignment Problem in A. and Transportation
a Bus Transportation Redmer, A. P
Company
A multi-attribute gle_ngi:’n 1\12 International
selection of automated .~ > Journal of
4 . . . G.; Narmad, 2011 .
guided vehicle using the V. G. and Production
AHP/M-GRA technique Shah, S. Research
Evaluation of vehicle I\)/u.Janowc,
fleet maintenance M;)mc'ilovic Expert Systems
5 management indicators V- 2012 with
by  application of 2 . . 2 Applications
DEMATEL and ANP ~ B0iovie, N.
and Papic, V.
Baykasoglu,
Integrating fuzzy A,
DEMATEL and fuzzy Kaplanoglu, Expert Systems
6  hierarchical TOPSIS V. 2013  with
methods  for  truck Durmusoglu, Applications
selection Z.D. U. and
Sahin, C.
Equipment selection for Burt, C.N. }I:En?iMS on
7 surface mining: A and Caccetta, 2014 .
review L App hefl
’ Analytics
A QFD-based - expert Journal of
system for industrial Chakraborty, Manufacturin
8 truck  selection in S. and 2016 g
. Technology
manufacturing Prasad, K.
o Management
organizations
The Problem of multiple Kasztelewic
9 criteria Selection of The z, P. B. Z. 2016 Archives of
Surface Mining Haul and Sawicki, Mining Sciences
Trucks P.
Sustainable  transport
fleet appraisal using a Bai, C,; Annals of
10 hybrid multi-objective Fahimnia, B. 2017 Operations
decision-making and Sarkis, J. Research
approach
Extensive exploration of gj:’ 5’
comprehensive vehicle Che%l’ C.? IET Intelligent
11 attributes using D-CNN F Jg_’ 7h J 2018 Transport
with weighted multi- W 7o £10U, Systems
. X. and Yuan,
attribute strategy ]

Source: The Authors.

The articles significance was classified as total, partial or
marginal by evaluating to what extent they are related to
decision making regarding the truck selection problem,
according to their focus.

Fig. 2 shows that the intersection between the highest
level of significance (total) and focus (truck selection) returns
3 articles. However, we found an article focusing on
equipment selection with a medium level of significance, as
trucks are considered transport equipment in industries.

Total 3
Q
o
c
S .
&| Partial 1 3 1
I=
2

Marginal 3
Vehicle Equipment Truck
Selection Selection Selection
Focus

Figure 2. Significance and Focus.
Source: The Authors.

o 9%
Qualitative ' °
= o | 82%
ol  Quantitative '
o
t
<
I 9%
Review ' °
0% 20% 40% 60% 80% 100%

Percentage

Figure 3. Publications categorized by type.
Source: The Authors.

Thus, considering the whole set of articles, 82% were
characterized as quantitative, 9% as qualitative and the other
9% as literary reviews, as presented in Fig. 3.

3.1. Methods

There is a large number of methods applicable to many
multicriteria problems, but the most used ones when it comes
to vehicle selection are AHP (Analytic Hierarchy Process),
DEMATEL (Decision-Making Trial and Evaluation
Laboratory), VIKOR (ViseKriterijumska Optimizacija 1
Kompromisno Resenje), TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) and MOO (Multi-
Objective Optimization). They can be combined with other
techniques or methods.

Fig. 4 presents all methods used by the 11 articles in
relation to the number of studies. However, considering the
12 methods, only Quality Function Deployment (QFD) is not
a decision method, but rather a quality tool that translates
customer needs into product or service characteristics, as a
qualitative tool that is rarely used in decision-making.
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AHP
DEMATEL
MOO
VIKOR
TOPSIS
Fuzzy set
ANP

MTL
MAUT
M-GRA
ELECTRE Il
QFD

Methods

1
Number of Articles by Method

Figure 4. Multicriteria methods.
Source: The Authors.

Table 4.
The articles with regard to multicriteria methods.

Studies ID 1 2 3 4 5 6
AHP X X
ANP
DEMATEL
MOO
VIKOR
TOPSIS
FUZZY SET
MTL
MAUT
M-GRA
ELECTRE III

QFD
Source: The Authors.

7 8 10 11

X
X

Table 4 shows which methods were applied by each
study. It is possible to observe that some studies adopted
more than one method. For instance, study 2 applied three

METHODS DESCRIPTIONS

THE MULTI-ATTRIBUTE UTILITY THEORY OR THE SINGLE
CRITERIA OF SYNTHESIS

Analytic Hierarchy Process (AHP) — it divides the
problem into many factors, with relations among them,
building a hierarchy that enables the decision-maker to
prioritize and judge alternatives by comparing them
into pairs for each criterion through matrices and based
on Saaty's numerical scale. It is a method to order
alternatives, and which considers trade-offs between
criteria [6].

Analytic Network Process (ANP) - it is a more
developed version of the AHP method that proposes
avoiding a hierarchy. It is a new method to calculate
independent factors and their respective weights [11].
Decision-Making Trial and Evaluation Laboratory
(DEMATEL) — it is a popular method because it is a
comprehensive method of construction and structural
analysis involving relations among complex factors
[17].

Multi-Task Learning (MTL) - it divides multiple
attributes with different weights into two parts: main
and auxiliary attributes. However, the author of the
selected article treated the tasks equally [10].
Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) — it is one of the methods that many
researchers prefer, since the alternative must have
simultaneously the shortest distance from the optimal
solution [1].

ViseKriterijumska  Optimizacija 1 Kompromisno
Resenje (VIKOR) — it is similar to TOPSIS, focusing
on the selection ranking of a set of alternatives and
determining near-optimal solutions for conflicting
criteria [4].

OVER CLASSIFICATION APPROACH

Elimination et Choix Traduisant la réalité (ELECTRE)
— it consists in a non-compensatory method: one
criterion does not compensate for another. ELECTRE

AHP

ANP

DEMATEL

MTL

TOPSIS

VIKOR

ELECTRE Il III incorporates Fuzzy, allowing the creation of
pseudo-criteria, but this version allows inaccuracies
and uncertainties. [7].
INTERACTIVE METHODS
Multi-Objective Optimization (MOO) - it is a nonlinear
MOO method that portrays a great quality set in Pareto. It is

widely used for providing multiple solutions and
varying points consistently. [9].

methods (AHP, VIKOR and TOPSIS).

Taking into account the quantitative articles, 70%
applied hybrid methods (any model generated by combining
two or more techniques) and 30% applied a single method
with no combinations. That leads us to conclude that hybrid
methods are more recurrent, which is due to the need of
adapting a method to certain problems or addressing its
weaknesses.

So, nine studies used only MCDM methods. Study 7
does not present any method, for it is a literary review, and
study 8 used a qualitative method. From the studies presented
in Table 4, seven (2, 3, 4, 5, 6, 10 and 11) applied hybrid
methods. However, the methods applied by studies 3, 10 and
11 are considered hybrid because they used modified
methods with parts of other MCDM techniques and/or other
methods of calculus. Although the researchers did not modify

Source: The Authors.

Table 5 presents all the methods listed in Table 4
according to Guarnieri’s (2015) classification, explained in
Section 1.

Table 5.
Techniques for approaching data.
Studies ID 1 2 3

Stochastic
Approach
Pairwise
Comparison
Rough Set Theory
Fuzzy Set Theory
Gray System
Theory
Heuristic

9 10 11

the name of those methods, they refer to the approach used
as a hybrid model.
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In order to achieve a good result, different types of data can
be modeled by approaches such as Pairwise Comparison, Fuzzy
Set Theory, Stochastic Approach, Rough Set Theory, Gray
System Theory and Heuristic. These techniques contribute in
many ways to the calculations, but most of them directly impact
on how the alternatives will be treated and what kind of results
will be accepted. Therefore, Table 5 presents data approach
techniques in relation to the selected studies.

As study 6 applied two Fuzzy methods (Fuzzy DEMATEL
and Fuzzy Hierarchical), both are variations of

The Single Criteria of Synthesis Approach. The Fuzzy Set
methods incorporate a fuzzy number scale in order to represent
the decision maker's hesitation in numbers [6].

3.2. Criteria and sub-criteria

The criteria of each article are presented in Tables 6, 7
and 8. This division was performed because some studies
have only criteria, others have criteria and sub-criteria and
others comprise criteria, sub-criteria and attributes.

Table 6.
Studies (3 and 8) that use criteria, sub-criteria and attributes.
ID Criteria Sub-criteria Attributes
Min. operating cost of vehicle fleet -
Min. number of vehicles
Delivery on scheduled times
o Max. customer satisfaction No customer stockouts (delivery is mandatory before inventory is depleted,
Objective at high cost)
Service quality
Delivery schedules within preferred hours
Max. crew satisfaction Flexible delivery schedules
Flexible stopping time
Trip duration within limits
Vehicle capacity
Number and type of vehicles in fleet
Hard Crew hours ' '
3 Max. time window constraints
Available crew
Constraints Vehicle compatibility with route
Vehicle compatibility with site
Customer’s time windows (preferred time windows, with penalty for
failing to deliver within a preferred window)
Soft Preferred vehicle type for the route
Preferred vehicle type for customers’ site
Traffic congestion
Vehicle maintenance schedules
Accident on route
Driver no-show
. . Vehicle breakdown
Real-time constraints .
Road under construction
Road hazards
Urgent customer requests
Transportation
Type of operation Loading/unloading
Storage/retrieval
Unit
Load Bulk
Regular
Shape Irregular
Material characteristics Sturdy
Nature .
Fragile
Light (less than 5 tonne)
3 Weight Medium (5-20 tonne)
Heavy (more than 20 tonne)
Short (less than 500 m)
Distance Medium (500-1,000 m)
Long (more than 1,000 m)
Low (less than 2 m)
Movement Height Medium (2-4 m)
characteristics High (more than 4 m)
Fixed
Path Variable
On floor
Level Above floor

Source: The Authors.
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Studies (1, 6, 9 and 10) that use criteria and sub-criteria.

1D Criteria

Sub-criteria

Drivers

Breaks (min. - max.)
Hourly O&O cost

Trucks

Breaks (min. - max.)
Capacity
Hourly O&O cost

Activity Duration

Payload
Transport
Unloading
Return

Security and
technology

Reliability regarding accidents
Precaution tool against accidents
Software used (such as Infomax)
Customization capabilities

Economy

Cost of spare parts
Fuel performance

Ease of selling in the second-hand market

Cost of consumable parts

Comfort and aesthetic

Cabin comfort
Driving comfort
Body aesthetic
Cabin aesthetic

Maintenance

Service network
Maintenance cost

Cabin comfort

Service period

Warranty period

Service personnel attitude

Economic

Total investment costs
Total operating costs

Technical-
Construction

Maximum power
Maximum torque
Minimum turning radius
Payload capacity

Exploration and
Reliability

Unit’s energy consumption
Reliability index

Stream damage parameter
Ergonomics and driver’s comfort

Vehicle
characteristics

Vehicle Price

Maintenance costs

Running costs

Travelling speed range

Driving range

Traffic safety

Quality of service

Loading capacity

Requirements for good specifications
Information technology

Technical innovation for improved
efficiency

Policies and
regulations

Pollution
emission

Compliance with energy-base
government regulation

Compliance with emission-based
government requirements

The use of hazardous substances (RoHS)
The use of volatile organic compounds
(VOCs)

Tax relief benefits

Fuel subsidies

Government subsidies or incentives

CO2 emission rate

GHG emission rate

Noise pollution rate

Solid or water waste generation
Other air pollutants

175

Fuel unit cost
Sufficient fuel supply
Alternative fuels
Energy saving

Fossil fuel usage rate
Renewable energy use
Fuel efficiency

Clean technologies
Fuel safety

Resources
consumption

Market availability of the vehicle
Availability of fuels

Auvailability of fuels delivery outlets
Availability of maintenance services
Financing and loan policies
Transportation easements

Infrastructure

Vehicle compliance with ELVs

Vehicle compliance with WEEE

Waste from ELV or used tires
Recycling Recycling costs
Recyclability rate

Dismantling and reuse possibility

Recycled materials usage

Health and safety

Comfort of use

Personnel training

Availability of technical support staff

Employees

The impact of weather changes on
vehicle operations

The impact of road conditions on vehicle
operations

Vehicle operation in disasters

Scalability

Source: The Authors.

Table 7.

Studies (2, 4, 5, 7 and 11) that use only criteria.

ID

Criteria

Energy supply
Energy efficiency

Air pollution

Noise pollution
Industrial relationship
Costs of implementation
Costs of maintenance
Vehicle capability

Road facilities

Speed of traffic flow
Sense of comfort

Controllability
Precision

Cost

Range
Reliability
Flexibility

Opverall length of route in both directions [kilometers]
Demand expressed as an average number of passengers
traveling weekly on route

Total number of tickets sold on route in a given time period
Scheduled (regular) riding time on route [hours]

Total time of stopovers on route

Average load index of a bus on route

Average speed of bus j on route i [kilometers / hour]

Fixed cost associated with the operations

Variable costs associated with the operations

Capacity

Availability
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Comfort
Availability
Maintenance needs
Compatibility with different truck types
7 Volume capacity
Cost per unit of production
Speed
Rimpull
Cycle time
Type of vehicle
Seat
Door
Specifications
Source: The Authors.

©
E Historical Data y
5
2
El Expert Judgments '
R
2 g Simulated Data I
5
@
5
| ® Extracted Data l
=| g
3| &
o Based on others studies _l
2
g
E Combination of historicaldata —I
3 and expert judgments
5]
&
0 1 2 3

Number of articles

Figure 5. Data type.
Source: The Authors.

Criteria, sub-criteria and attributes are data of extremely
importance for decision-making support methods. It is
through them that the constraints and conditions of the
mathematical models are elaborated. Having that in mind, the
way they are selected is of utmost importance and they can
be determined by historical data, expert judgments, based on
others studies, extracted data, simulated data, as well as a
combination of them. Thus, Fig. 5 shows the number of
articles that used each of these procedures to obtain the
criteria, sub-criteria and attributes needed to evaluate the
alternatives.

Collected data sources can be considered historical when
they are obtained from old business data, usually published
online. On the other hand, when it comes to expert
judgments, people in specific areas collect the data and pass
them on to researchers. In that case, data are usually more
updated. Data collection based on other studies might be old
or not, but it is a way to facilitate validation of the method.
Simulated data are not real. They only exist to test the method
and can either be close to real or not. Extracted data source,
in its turn, refers to cases in which researchers observe and
collect the data by themselves.

So, among the selected articles, only 5 presented the
procedures and sources used to determine these criteria and
sub-criteria. Article 8 used historical data, obtained through
questionnaires, surveys and customer feedbacks to define the
selection criteria. Technical specifications were determined
through various websites related to trucks. Article 9 was
based on expert judgments and historical data focusing on

Table 8.
Articles ID in relation to the main criteria cited.
Criteria Articles ID
Capacity 3,5,6,7,9,10
Cost 1,2,3,4,5,6,9,10,11
Maintenance 2,3,6,7,10
Operation type 1,8
Vehicle Specifications 2,6,9,10,11
Safety 2,6,10
Comfort 2,5,6,10
Duration of operations (speed) 1,3,5,7,10
Regulations 10
Sustainability 2,10
Collaborators / Team 3,6,9,10
Fuel / Energy 2,6,9,10

Source: The Authors.

ergonomic aspects, applying Dortmund checklist to drivers.
The authors of article 6 conducted interviews with the
manager of a trucking company. The authors of article 4
collected the data from other studies. Finally, article 10
determined the data through three specialists from different
industries and sectors.

By considering the criteria mentioned in Tables 6, 7 and
8, it was possible to group them into 12 evaluation factors
presented in Table 9, pointing out the factors and the articles
which cite them.

Among these factors, cost was the most adopted one,
followed by capacity, maintenance, speed and vehicle
specification. Thus, we can notice that cost is the most
important factor, as it is also the final limitation, generally
restricting other factors. Capacity, maintenance and speed are
extremely important factors. However, in order to determine
the criteria, there must be a clear acquisition goal, avoiding
unnecessary costs, excess or lack of capacity, future
maintenance problems or speed not consistent in relation to
the need.

3.3. Application and Validation

In the articles, we identified results validation by
comparison, when the researchers themselves apply other
methods to the same problem to verify how closely the results
are. Another way is through sensitive analysis, a comparative
analysis between output and input data, usually performed by
the researchers themselves. Application and comparison with
other studies seek to compare the real results obtained by
others studies. They can be validated by experts that also
evaluate the method. Fig. 6 shows the number of articles that
used each of the validation methods.

According to Fig. 6, comparison and sensitive analysis
were the most applied techniques in the results validation.
This is because they are easier to apply and do not depend on
others to carry out the study. Thus, 60% of the methods used
a simulated application and 40% used a real application, as
presented in Fig. 7.

It is possible to notice that the type of results validation
and the type of methods application are linked. Therefore,
choosing one ends up restricting the other.
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Figure 6. Types of method validation.
Source: The Authors.
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Source: The Authors.

Unfortunately, in this study it was not possible to
adequately answer the third and fourth research questions,
presented in Section 2.1, for only a few studies cited the
computational tools they used to apply the methods. Those
which did it cited MATLAB, Excel (Visual Basic), and
Visual Studio. MATLAB was cited only once by article 11,
Excel was cited twice by articles 1 and 8, and Visual Studio
was also cited twice by articles 1 and 11.

Regarding procedures, the collection format was
presented in Section 3.3. However, none of the articles
demonstrated whether there was an evaluation of the criteria
before their final selection or not.

Additionally, the difficulty in finding articles related to
the topic was solved by broadening the acceptance criteria,
as explained in Section 3.

4. Threats to Validity

Since SLR consists of well-defined procedures, it tends
to have more positive than negative results. However, the
type of result depends on the researcher's point of view [8].
Thus, two possible threats to the validity of this SLR can be
pointed out: the strings definition and the researcher’s
personal opinions.

The search strings used are considered a threat to the
validity of this review, because they were built in English, a
language in which the meaning of certain words may vary
depending on the context they are used in, thus, resulting in
many articles unrelated to the research goal [12]. In order to
solve this problem, the strings used were based on previous
publications and evaluated by experts. In addition, the
snowballing technique was used to reduce the loss of articles
that did not appear during electronic search, even though they
met the search requirements.

Despite the construction of a protocol that defines strict
"rules" that researchers must follow, there is still the
possibility of personal opinions influencing the process. This
happens mainly in the study exclusion process, and also when
it comes to defining the significance of each article [12]. In
this study, the exclusion process was performed by a single
researcher, so, in order to achieve maximum impartiality,
more time for reflection was taken. For the analysis of articles
that generated some doubt, we counted on the help of other
authors. Besides, each article was read twice.

5. Conclusion

In conclusion, the amount of studies carried out in the
area of transferable truck selection for the industry is still
low. Also, many evidences indicate that the methods have
many shortcomings, which can be reduced by using hybrid
methods. Besides, although there is a wide variety of criteria,
some of them such as cost and maintenance are necessary in
any industrial sector.

In this context, this research sought to find specific
studies or articles, in the area of truck selection, in order to
identify more precise techniques, procedures and tools,
creating a knowledge base aiming to find methods to guide
decision-making in the selection of trucks.

By identifying 11 methods with 2 fuzzy variations, we
can observe that AHP is the most used one. As for support
techniques, pairwise comparison was the most applied
approach, followed by fuzzy set theory. Regarding criteria,
cost stood out, followed by capacity and maintenance.

In spite of the results obtained, there is still a great need
for research on truck selection. Therefore, suggestions for
further studies include the implementation of some of the
obtained methods and / or creating new combinations of
them, as well as working on implementation by focusing on
some specific attributes, such as maintenance. In addition,
further studies may explore new processes, procedures and
new tools which might support decision-making for the road
transport sector, an area of great potential, thus giving it a
new perspective and allowing more efficient results.
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