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Abstract: In this paper, we investigated a third-party logistics (3PL) provider evaluation problem
considering social sustainability as one of the important evaluation criteria. Since the 3PL service is
mainly dependent on both transport vehicles and employees, managing them from the viewpoint
of social sustainability has become a critical issue. Thus, 3PL providers need to be concerned about
not only the service price or quality but also issues related to social sustainability. In line with
this trend, we defined the social sustainability of 3PL providers and related evaluation criteria. In
addition, a fuzzy analytic hierarchy process (AHP) was used as a main evaluation framework to help
decision-makers determine the relative importance of each criteria or alternative using linguistic
terms. To show the feasibility of the proposed criteria and evaluation framework, we presented the
illustrative example based on a real-world case. The results showed that the proposed approach
could be a good alternative to conduct evaluations, and the related sensitivity analysis, considering
social sustainability.
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1. Introduction

A third-party logistics (3PL) provider is an external provider who manages, controls, and delivers
logistics activities on behalf of a shipper [1]. A 3PL provider collects outbound shipments from
manufacturers and consolidates shipments in their distribution centers. The consolidated shipments
are then moved via alternative transportation routes to the customer zones [2]. The most frequently
cited benefit of using a 3PL provider is that it allows a manufacturer to focus on its competencies [3].
The 3PL alliances between manufacturers and professional logistics providers can be found in many
real-world cases [4–6].

The evaluation of the 3PL providers is a critical step for a manufacturer seeking to select an
appropriate 3PL provider as a business partner. The firm (i.e., shipper) can determine the relative
weights of the 3PL providers and allocate its transporting volumes to the selected 3PL provider who has
a highest weight. In general, the 3PL provider evaluation is a multi-criteria problem and thus a complex
process in which multiple criteria, both tangible and intangible, must be considered [7]. In other words,
choosing the right 3PL provider involves much more than scanning a series of pricelists. A great deal of
research on the 3PL provider evaluation has been conducted previously [8–14], and various evaluation
criteria have been developed so far. According to the Pareto analysis of Aguezzoul [7], the most
commonly used criteria are as follows: cost, relationship, services, quality, information/equipment
system, flexibility (i.e., ability to adapt to changing customers’ requirements and circumstances), and
delivery (i.e., on-time delivery performance).

However, among the frequently used criteria from previous literature, those related to business
sustainability are rarely found. Business sustainability is defined as the ability to conduct business
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with a long-term goal of maintaining the well-being of the economy, environment, and society [15].
As this business sustainability has become a competitive differentiator, many firms are eager to
incorporate sustainability into their operations management. As Lieb and Lieb indicate [16], despite
the importance of sustainable operations in a 3PL provider, it seems that sustainable issues are not the
major determining factor in the 3PL contractual agreements. While increasing numbers of customers
are now demanding sustainable operations from firms including the 3PL providers, the shipper’s
stimuli for the sustainable operations of the 3PL provider are still underdeveloped [17].

In particular, although the topic of sustainable operations has been of great interest for the
last decade in both academia and industry, social sustainability has been examined to a far lesser
degree than environmental or green operations management issues [18,19]. In comparison with
the environmental sustainability, the definition of social sustainability itself is not clearly established
despite its importance [20]. Including social concerns into sustainable operations raises many modeling
and assessment difficulties [21]. In other words, generating the pertinent quantitative indicators that
can be used to formulate the related model or approach is difficult. Nevertheless, some researchers
have tried to generate the related indicators, such as the firm’s activities, to improve working conditions
for its employees and the enhancement of qualified employment via training and employment
stability [19,22,23]. Since most governments have a great interest in the rights and safety of workers,
the social sustainability issue seems to become increasingly important to the 3PL providers who hire
many pick-up and delivery people. Additionally, transport vehicles such as trucks and ships are
additional important assets of 3PL providers, and thus their safety seems to be very important to 3PL
providers as one of the social sustainability related issues.

Given the limited amount of research on social sustainability itself, research on the social
sustainability based evaluation of 3PL providers is naturally very sparse. Moreover, this research was
motivated by a real case of an e-commerce company which had an issue regarding the evaluation of
the potential 3PL providers. Through the discussion with the managers of that company, we decided
to consider social sustainability first when evaluating the 3PL providers to check whether potential
3PL providers are concerned about the social sustainability related issues.

The objective of this paper is to propose a framework and procedure for 3PL provider evaluation
considering not only traditional cost and service competitiveness, but also social sustainability.

This paper is organized as follows: the related literature is summarized in Section 2, and then the
social sustainability of 3PL providers is discussed in Section 3; in Section 4, the proposed approach
is explained, and an illustrative example based on a real case is provided to show how the proposed
evaluation approach works in Section 5; finally, Section 6 offers some concluding remarks and directions
for future research.

2. Literature Review

The related literature can be classified into two categories: (1) evaluation criteria regarding the
3PL provider; and (2) evaluation methodologies.

2.1. Evaluation Criteria for the 3PL Provider

For the past two decades, numerous researchers have tried to identify the critical criteria for
evaluating and selecting 3PL providers. The researchers usually used survey methodology to
capture the important criteria. By investigating 131 firms, Fawcett and Smith [24] identified the
following 5 criteria: quality, delivery, flexibility, cost, and innovation in services. Following their
exploratory studies of Australian firms, Dapiran et al. [25] and Millen et al. [26] argued that cost is
the most important criteria. Murphy and Daley [27] summarized 12 criteria for international freight
forwarders selection as follows: expertise, reliability, ability to provide relevant information, attention,
reputation, price, financial condition, convenience of use, services, geographical specialization, product
specialization, and size. By investigating 126 firms in Singapore, Bhatnagar et al. [28] identified the
following key criteria of the 3PL provider selection: service quality, cost, reputation, range of services,
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and relevant past experience. Lai et al. [29] determined that the cost and the asset are the most important
criteria for 3PL provider evaluation by conducting a survey of 134 firms in Hong Kong. Yeung [30]
also conducted a survey among 72 exporters in Hong Kong and identified 4 criteria: timeliness of
services, price, quality of delivery, and customized supplementary services. Meanwhile, Mortensen
and Lemoine [31] argued that the main criteria for selecting the 3PL provider are quality, reliability of
delivery, market coverage, price, and competences. More recently, Aguezzoul [7] extensively reviewed
the past literature focusing on the 3PL selection problem in terms of the criteria, the method, and the
strengths and weakness of the methods.

As summarized above, most of the past related researches mainly focused on price (cost) and
service quality when evaluating the 3PL providers. However, there have been a few trials adopting
the social sustainability related criteria such as the labor or management policy related issues. Göl and
Çatay [32] considered labor relations as one of five evaluation criteria, and Qureshi et al. [12] adopted
the quality of management which helps strategic decision-making to have a long-term effect. Liu and
Wang [13] used human resource policies along with twenty five other criteria for evaluating the 3PL
providers. Leina et al. [33] chose safety of service as one of evaluation criteria when evaluating the
fourth party logistics providers who play a role to integrate the resources, capabilities, and technology
of a supply chain from the viewpoint of the 3PL provider. Also, Hsu et al. [34] considered labor union
as a sub criterion of ‘risk’ because striking outsourcing service provider employees could disrupt
transportation schedules. Xianlong and Yujie [35] adopted social effects of the company: enterprise
culture construction, degree of social reputation, and brand building as one of the evaluation criteria.
However, the social effects defined in their research focus more on reputation and brand image instead
of social sustainability itself. Huang et al. [36] used training and management capability as evaluation
attributes for logistics provider selection in a Taiwan automotive industry.

Although some of the past related researches tried to consider the social sustainability related
criteria in evaluating the third-party logistics providers, most of them adopted only one or two
individual criteria which mainly focused on labor relations or some related management policies
(e.g., training, safety, etc.) inside company. In other words, other topics of social sustainability (i.e.,
philanthropy, occupational health, etc.) were not considered significantly in the past related researches,
and there has been a lack of checking and considering the full range of social sustainability as the
important criteria for evaluating the 3PL providers. More discussion on social sustainability follows in
Section 3.

2.2. Evaluation Methodologies

As for the evaluation method, the multi-criteria decision-making (MCDM) methods were mainly
used in the past related researches due to the availability of quantitative, qualitative, and multiple
criteria that have to be considered in the decision process [37]. According to Aguezzoul [7], the
main MCDM methods used in the case of 3PL provider selection are: analytic hierarchy process
(AHP) [14,38–41], analytic network process (ANP) [9,11,34,42,43], technique for order preference
by similarity to ideal solution (TOPSIS) [10,39,44], interpretive structural model (ISM) [42,44,45],
multi-criteria optimization and compromise solution (VIKOR) [43,46], decision-making trial and
evaluation laboratory (DEMATEL) [34,43], quality function deployment (QFD) [35,37], elimination
and choice expressing reality (ELECTRE) [47], and utility theory [47]. Also, two different MCDM
methods were applied together or a fuzzy sets theory (FST) is used with one of the MCDM methods as
an integrated solution [10,13,14,37,39,40,44,46,48,49]. In terms of the number of publication from 1994
to 2013, AHP, ANP, and TOPSIS were chosen as the top three MCDM methods for the 3PL provider
evaluation and selection [7]. Because the literature on the 3PL provider evaluation method is extensive
and too broad to be fully covered here, we focus on three frequently used MCDM methods: AHP, ANP,
and TOPSIS here. Bottani and Rizzi [10] proposed a fuzzy TOPSIS approach to evaluate and select
the most appropriate 3PL provider using nine criteria that included compatibility, financial stability,
flexibility of service, performance, price, and others. Jharkharia and Shankar [11] utilized the ANP
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approach to select the optimal 3PL provider using four major criteria: compatibility, cost, quality, and
reputation. Similarly, Göl and Çatay [32] used the AHP approach to evaluate and select 3PL providers
for the Turkish automotive industry with respect to five criteria: general company considerations,
capabilities, quality, client relationship, and labor relations. Efendigil et al. [40] proposed an integrated
approach combining fuzzy AHP and ANN to evaluate and select the best third-party reverse logistics
providers. In addition, Cheng and Lee [50] adopted the ANP approach to select the third-party reverse
logistics providers for high-tech manufacturing in Taiwan. More recently, Ho et al. [14] proposed an
integrated approach, combining quality function deployment and the fuzzy AHP to evaluate and
select the optimal 3PL providers. They used six main criteria, which were cost, delivery, flexibility,
quality, technology, and risk. For reference, Chai et al. [51] published a systematic review paper on
the decision making techniques in supplier selection, and Aguezzoul [7] also summarized various
evaluation and selection methods for the 3PL providers.

2.3. Contribution of Research

Unlike previous research, the unique contribution of our research can be found in the following:
(1) the definition and evaluation criteria of social sustainability for 3PL providers are defined and
summarized; and (2) social sustainability is considered to be one of the important criteria for evaluating
the 3PL providers.

3. Social Sustainability of 3PL Providers

3.1. Social Sustainability

In general, social sustainability has been represented as the social dimension of sustainability,
which concerns the impact that the organization has on the social systems within which it
operates [52–55]. Recently, social sustainability has become of paramount importance in business
because of the need for increased stakeholder awareness regarding not only ‘where’ the products are
made and delivered but also ‘how’ and ‘in what conditions’ they are produced and delivered [56].

In contrast to other dimensions of sustainability such as economic and environmental ones, social
sustainability has suffered from under development, and it has been not sufficiently operational
to serve analyses, planning and innovation [57,58]. Related research has also argued that further
development of social sustainability in terms of concept and scope is needed [59–61]. In particular,
Colantonio et al. [62] mentioned that the concept of social sustainability has been under-theorized
or often oversimplified in existing theoretical constructs, and no consensus seems to exist on what
criteria and perspectives should be adopted in defining social sustainability. However, throughout
our literature survey, we found a common argument about social sustainability that vagueness and
a pluralism of definitions are appropriate and preferable over a single definition because of the
complexity of the topic and the impossibility or undesirability of a common definition [58,63,64].

In addition, for the evaluation criteria (i.e., indicators, measures) of social sustainability, many
researchers have proposed different criteria, both quantitative and qualitative [65–68]. These criteria
differ across industries and countries, although the majority are oriented toward business partner (e.g.
supplier) performance [55,69,70]. Frequently used criteria for social sustainability from prior research
are summarized in Table 1.
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Table 1. Main criteria of social sustainability.

Category Criteria Definition Measure References

Society Related

Philanthropy

The extent to which the
company actively
participates in aiding the
society through donations
and commercial initiatives

The budget
percentage set aside

for philanthropy
[19,55,71–74]

Investment in local
community

The extent to which the
company actively
participates in aiding the
local community

The budget
percentage invested

in the local
community

[72,75]

Employee
Related

Employee average
duration of stay

The turnover rate indicating
the loyalty of employees

The number of years
an employee remains

in the industry
[72,74,76]

Minority The distribution of
minorities

The percentage of
minority employees [72,77,78]

Average salary
The extent to which the
company actively treats its
employees by payment

The average
employee salary [19,55,72,78–80]

Management
Policy 1 Related

Organizational
learning/training
process and program

The existence, variety, and
level of the processes or
programs related to the
certification and
internal/external education

Qualitative measure [58,72,74,80–83]

Appraisal/Recognition
systems and
development

The existence, variety, and
level of the system related
to employee appraisal and
recognition (e.g., peer
comparison,
multi-dimensional
performance measures)

Qualitative measure [72,84,85]

Human rights and
participation

The existence and level of
the policy related to
employee rights and
participation (e.g., whistle
blowing, unions and
incentives)

Qualitative measure [55,72,86–89]

Occupational health
and safety

The existence and level of
the policy related to
occupational health and
safety

Qualitative measure [19,55,67,72,80,85,
90–92]

1 This indicates a sustainability related policy, a set of ideas or a plan of what to do about social issues in particular
situations, as officially agreed upon by a business organization [93].

3.2. Definition and Evaluation Criteria of Social Sustainability for 3PL Providers

As mentioned above, since a common definition is impossible or undesirable and the related
criteria differ across industries, we need to newly define the concept and the related criteria of social
sustainability regarding the 3PL partnership.

Thus, by examining the definition and criteria summarized in Section 3.1, social sustainability of
the 3PL provider can be defined as follows:

• Social sustainability of the 3PL provider means to operate its 3PL services considering their impact
on internal and external stakeholders (i.e., society and employees) in terms of welfare, safety,
and wellness

We also need to generate the social sustainability related criteria for evaluating the 3PL providers.
To do this, we select the frequently adopted criteria from past research from Table 1 with the help of
practitioners working for either the shipper or the 3PL provider. Considering the number of references
for each criterion and the opinion of the practitioners, philanthropy is selected from the ‘society’
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category whereas the average salary is chosen from the ‘employee’ category. For the ‘management
policy’ category, the following three sub-criteria are selected: organizational learning/training process
and program, human rights and participation, and occupational health and safety. The selected five
criteria including three sub-criteria are redefined in accordance with the business practice of the
3PL providers. In addition to these five criteria, we add two more criteria: price and customized
service, from the traditional 3PL evaluation literature, and one more sub-criteria, vehicle safety, to
the ‘management policy’ category considering the 3PL services. Since most of the 3PL services are
conducted via various vehicles, the safety of those vehicles becomes more important. Specifically, any
unexpected problems that occur with vehicles can cause damage to the brand image and reputation
of 3PL providers. Also, the customized service indicates not the quality of service but the variety or
flexibility of service which can respond to the customers’ requests. Since the service quality can only be
evaluated after experiencing the service, it cannot be used as a criterion in the current evaluation step.

The background of selecting the social sustainability related criteria of this research is depicted in
Figure 1.

Figure 1. The background of selecting the evaluation criteria for the third-party logisitics (3PL) provider.

The aforementioned evaluation criteria for 3PL providers are summarized in Table 2. In the next
section, the proposed evaluation approach utilizing these criteria are explained.
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Table 2. Evaluation criteria of 3PL provider.

Category Criteria Definition Measure

Price Price (C1) Service price of 3PL service Quantitative measure

Service Customized service (C2)
The variety of service or flexibility of
service from the 3PL provider, which
can respond to the customers’ requests

Qualitative measure

Social
Sustainability

Philanthropy (C3)

The extent to which the 3PL provider
actively participates in aiding the
society through donations and
commercial initiatives (the ratio of the
philanthropy budget to sales)

Quantitative measure

Average salary (C4)
The extent to which the 3PL provider
actively treats its employees by
payment

Quantitative measure

Management
Policy (C5)

Organizational
learning/training
process and program
(C5-1)

The existence, variety, and level of the
educational programs related to safe
driving, safe handling of parcels, and
customer services

Qualitative measure

Human rights and
participation (C5-2)

The existence and level of the policy
related to the employee rights (e.g.,
giving enough time for the employee
to rest)

Qualitative measure

Occupational health and
safety (C5-3)

The existence and level of the policy
related to the occupational health and
safety of employees

Qualitative measure

Vehicle safety (C5-4)
The existence and level of the rules
related to vehicle safety (e.g., regular
vehicle inspection)

Qualitative measure

4. Proposed Approach

Once the evaluation criteria are developed, an evaluation framework should be determined.
Among many MCDM methodologies, we chose an AHP as our main evaluation framework due
to its ease of use and well-known applicability in various real-world cases [94–97]. The AHP
has been widely used for decision-making problems with multiple criteria and alternatives and
was first developed by Saaty [98]. Even if the traditional AHP requires precise judgments from
decision-makers, it is not always possible to accomplish that in practice [99]. When evaluating
criteria or alternatives, decision-makers very naturally provide uncertain answers rather than precise
answers [100]. Additionally, we can find that a decision-making problem itself includes a high degree
of fuzziness and uncertainties. To overcome this difficulty, fuzzy theories have been adapted to the
AHP, and this fuzzy AHP has been applied in many selection and evaluation problems [101,102]. In
this research, we adopt a fuzzy AHP to translate the verbal expressions of evaluators into numerical
ones for qualitative criteria such as customized service and human rights and participation.

The first step of the fuzzy AHP is to construct the decision hierarchy. This hierarchy is usually
constructed from the goal of the problem (top level), through the evaluation criteria/sub-criteria
(intermediate level), to the list of 3PL providers (bottom level). Since most decision-makers cannot
simultaneously handle more than seven to nine factors when making a decision [103], most of the past
research recommended four to five criteria to make a decision hierarchy [101,104]. On the assumption
that there are three alternative 3PL providers, the hierarchy of our problem is depicted in Figure 2.

In Figure 2, to compute relative importance systematically and avoid handling more than five
criteria at the same time, we use a sub-criteria level of the management policy. Thus, we need to
conduct the assessment of five main criteria first and then assess the four sub-criteria. After the
relative weights of both criteria and sub-criteria are determined, we can proceed to the assessment of
companies in the alternative level. The assessment of criteria is performed by pair-wise comparison. In
general, there are two different cases of pair-wise comparison of criteria: (1) pair-wise comparison of
qualitative criteria and (2) pair-wise comparison of quantitative criteria. The former is used to assess
the qualitative criteria (e.g., customized service or occupational health and safety) measured by survey
or interview of the decision-makers, whereas the latter is for assessing the quantitative criteria (e.g.,
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the proposed price of 3PL service or the average employee salary) measured by the given numerical
values. For the qualitative criteria, the decision-makers can specify preferences in the form of an AHP
numerical pair-wise comparison introduced by Saaty [98]. If the decision-makers cannot choose their
preferences by numerical values, they can also express their preferences in natural language. In this
research, triangular fuzzy numbers (1̃, 3̃, 5̃, 7̃, 9̃) are used to indicate the relative importance of each
pair of elements. A triangular fuzzy number ã can be defined by the closed interval [l, u] including its
mean m as follows:

µã(x) =


x− l
m− l

,l ≤ x ≤ m,

u− x
u−m

,m ≤ x ≤ u,

0,otherwise.

(1)

Additionally, the triangular fuzzy number can be characterized by defining the interval of
confidence level α as follows:

ãα = [lα, uα] = [(m− l)α + l, u− (u−m)α] ∀α ∈ [0, 1] (2)

Equation (2) represents an α-cut method that yields an interval set of values from a fuzzy number:
the lower limit and upper limit of the fuzzy numbers with respect to α-cut [105]. In general, the value
of α is set between 0 and 1. If α = 0, it indicates that the degree of uncertainty is greatest and the degree
of confidence is least. If α is near 1, the degree of uncertainty decreases and the degree of confidence
increases. The triangular fuzzy numbers (1̃, 3̃, 5̃, 7̃, 9̃), the corresponding membership function, and
linguistic terms are shown in Figure 3 and Table 3.

Figure 2. The hierarchy of the 3PL provider evaluation problem.

Figure 3. Membership functions for fuzzy numbers.
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Table 3. Fuzzy scale for judgment.

Linguistic Judgments Fuzzy Number

Equally important Equally preferred (1, 1, 2)
Moderately more important Moderately more preferred (1, 3, 5)

Strongly more important Strongly more preferred (3, 5, 7)
Very strongly more important Very strongly more preferred (5, 7, 9)

Absolutely more important Absolutely more preferred (8, 9, 9)

Using the pair-wise judgment of the decision-maker and a fuzzy comparison matrix, Ã can be
represented as follows:

Ã =


1 ãα

12 · · · ãα
1n

ãα
21 1 · · · ãα

2n
...

...
...

...
ãα

n1 ãα
n2 · · · 1

 (3)

where ãα
ij = 1, if i = j, and ãα

ij = 1̃, 3̃, 5̃, 7̃, 9̃ or 1̃−1, 3̃−1, 5̃−1, 7̃−1, 9̃−1, if i 6= j.

The constructed fuzzy comparison matrix Ã needs to be converted into a crisp comparison matrix.
To do this, we apply the index of optimism, µ, which also represents the decision-maker’s attitude [106].
A larger value of µ indicates a higher degree of optimism. The index of optimism is a linear convex
combination as follows:

C(ãα
ij) = µaiju + (1− µ)aijl , ∀µ ∈ [0, 1] (4)

where C(ãα
ij) is the crisp value corresponding to ãα

ij considering the index of optimism µ.

By applying Equation (4) to the fuzzy comparison matrix Ã, a crisp comparison matrix A can
finally be obtained.

In contrast to the qualitative criteria, a crisp comparison matrix A can be directly obtained in
regard to the evaluation for quantitative criteria [107]. If the criteria for comparison has a positive
property (i.e., higher is better), a simple ratio between two elements can be used to directly construct a
crisp comparison matrix A. On the other hand, a reciprocal ratio between two elements can be used for
the negative criteria (i.e., lower is better). For example, let us assume that we are given four different
prices from four different suppliers: $30/unit from A, $40/unit from B, $50/unit from C, and $45/unit
from D. Since the lower price is better (i.e., negative property), a comparison matrix A can be formed
as follows:

A =


1 40

30
50
30

45
30

30
40 1 50

40
45
40

30
50

40
50 1 45

50
30
45

40
45

50
45 1

 (5)

However, if we need to compare the profit, which has a positive property, a simple ratio can be
used instead of a reciprocal ratio in matrix A.

Once the crisp comparison matrix A is obtained, regardless of whether the criteria is qualitative
or quantitative, a geometric mean method (Equation (6)) is utilized to compute their priorities [98]:

gi =

(
n

∏
j=1

C
(

ãα
ij

))1/n

i = 1, . . . , n (6)

where g̃i is the geometric mean of criterion or alternative i.
For each of the alternatives or criteria/sub-criteria, the weights can be computed as follows:

wi = gi/ ∑n
i=1 gi i = 1, . . . , n (7)
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After we obtain the weights as explained above, it is necessary to examine the consistency of
judgments by calculating the consistency ratio (CR) for each matrix. To obtain the CR, the consistency
index (CI) should be generated first using the following equation:

CI =
|λmax − n|

n− 1
(8)

where λmax is the largest eigenvalue of Ã and n is the size of matrix.
Next, the CR can be computed by dividing the CI by a value obtained from a table of Random

Consistency Index (RCI), which is the average index for randomly generated weights [98].

CR =
CI

RCI
(9)

In general, if the CR is less than 0.1, the comparisons are acceptable. Otherwise, it is not
acceptable [98,108]. After the relative weights of criteria are determined, the priorities of the alternatives
are also obtained from the pair-wise comparisons and the consistency check using the same procedure
explained above. Finally, the priority weights of each 3PL provider can be calculated by weights
per 3PL provider multiplied by weights of the corresponding criterion. The steps of the proposed
approach explained above are shown in Figure 4.

Figure 4. The steps of the proposed approach.

5. Illustrative Example

In this section, we consider an illustrative example in which the Korean branch of a global
e-commerce company (G-company) wants to evaluate three potential 3PL providers (3PL-A, 3PL-B,
3PL-C) who can transport the ordered products (i.e., parcels) from various sellers to customers. Among
many transport routes, G-company is now seeking for an appropriate 3PL provider who will mainly
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manage one of the important routes connecting the main distribution center (D/C) of G-company
located in the central part of Korea and the capital area located in the north region of Korea. There are
two different types of delivery from G-company to customers: (1) a direct delivery from each seller to
each customer; and (2) delivery from each seller to each customer via the D/C of G-company. Usually,
the latter is chosen for the delivery of best-selling items from the viewpoint of G-company. To do
this, G-company asks the sellers who manage the best-selling items to stock up the given space of the
D/C. Because G-company can manage and deliver the products easily from the D/C with the help of
the chosen 3PL provider, this type of delivery is preferred. For the sake of clarity, the following are
assumed without loss of generality.

• A product is packed in the box, and the price proposed by the 3PL provider is based on its
standard size and weight: the size (=length + width + height) is under 80 cm and the weight is
under 2 kg (i.e., 4.4 lb.)

• The price proposed by the 3PL provider includes delivery service from the D/C to customers
only without any inventory management service in the D/C.

Three potential 3PL providers are all local companies that can deliver any product in Korea in
accordance with the request of G-company. They run several large distribution centers in both the
central and capital regions in Korea to transport parcels via a hub-and-spoke network. Because most
of the parcels can be delivered within a day regardless of the 3PL provider due to the country’s size,
delivery speed cannot be an important factor for evaluation. Instead, price and customized service
such as providing a mobile tracking system to both sellers and consumers are considered important
evaluation criteria. Additionally, as with any other global e-commerce company, the management
of G-company regards social sustainability as another important factor affecting the customers’
recognition of the brand image. Thus, along with its own efforts for social sustainability, G-company
wants its partners including 3PL providers to be concerned and to pursue social sustainability.

Before proceeding to the AHP analysis, we need to determine and collect the information
regarding the quantitative criteria/sub-criteria such as the proposed price of 3PL service, the budget
percentage invested in the local community, and the average employee salary. With the help of the
decision-maker (i.e., a purchasing director) at G-company, we obtained the information shown in
Table 4. For confidentiality reasons, we manipulated both price and average salary properly.

Table 4. The collected information on the quantitative criteria/sub-criteria 1.

Criteria/Sub-Criteria Measure 3PL-A 3PL-B 3PL-C

Price (C1) The proposed price of 3PL service
(monetary unit) 2.00/box 1.97/box 1.89/box

Philanthropy (C3)
The budget percentage invested in the

local community (the ratio of the
philanthropy budget to sales)

0.20% 0.16% 0.10%

Average salary (C4) The average employee salary
(monetary unit) 57,000 53,000 50,000

1 All of the information is dated as 2015.

As for the other (qualitative) criteria/sub-criteria, their relative weights were determined by
asking the decision-maker at G-company who has experience in monitoring the 3PL industry and
reviewing the related proposals to complete the survey in the middle of the AHP analysis.

In this example, α (confidence level on the judgments of the decision-maker) was set to 0.8 and
µ (optimism index) was set to 0.6. Through some sensitivity analyses, we found that there were
no significant changes in the final solutions (i.e., the final relative weights of criteria or alternatives)
according to the setting of both parameters. This might be because those parameters are just used to
convert the fuzzy judgement (i.e., linguistic judgments) of the decision-maker into the crisp number
under the given preference of the decision-maker. Of course, the crisp numbers can change slightly
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due to the setting of both parameters. However, it seems to be difficult that only the setting of both
parameters changes the rank of criteria and/or alternatives if there exists an apparent gap between
criteria (or alternatives) in terms of the fuzzy judgement. Tables 5 and 6 show the fuzzy comparison
matrices, their corresponding crisp comparison matrices, and the calculated weights for the criteria and
sub-criteria levels. The judgments of decision-makers using Table 3 can be represented by Equation (2)
as shown in the fuzzy comparison matrices of Tables 5 and 6.

Table 5. Fuzzy comparison matrix, crisp comparison matrix, and weights of the criteria level 1.

Fuzzy Comparison Matrix Crisp Comparison Matrix
Weight

C1 C2 C3 C4 C5 C1 C2 C3 C4 C5

C1 1 [2.6, 3.4] [4.6, 5.4] [6.6, 7.4] [2.6, 3.4] 1 3.080 5.080 7.080 3.080 0.464
C2 [1/3.4, 1/2.6] 1 [2.6, 3.4] [4.6, 5.4] [1.0, 1.2] 0.348 1 3.080 5.080 1.120 0.207
C3 [1/5.4, 1/4.6] [1/3.4, 1/2.6] 1 [2.6, 3.4] [1/3.4, 1/2.6] 0.205 0.348 1 3.080 0.348 0.086
C4 [1/7.4, 1/6.6] [1/5.4, 1/4.6] [1/3.4, 1/2.6] 1 [1/5.4, 1/4.6] 0.145 0.205 0.348 1 0.205 0.042
C5 [1/3.4, 1/2.6] [1/1.2, 1/1.0] [2.6, 3.4] [4.6, 5.4] 1 0.348 0.933 3.080 5.080 1 0.201

1 CI = 0.059, RCI = 1.120, CR = 0.053 (<0.1).

Table 6. Fuzzy comparison matrix, crisp comparison matrix, and weights of the sub-criteria level 1.

Fuzzy Comparison Matrix Crisp Comparison Matrix
Weight

C5-1 C5-2 C5-3 C5-4 C5-1 C5-2 C5-3 C5-4

C5-1 1 [1.0, 1.2] [1/3.4, 1/2.6] [1/5.4, 1/4.6] 1 1.120 0.348 0.205 0.099
C5-2 [1/1.2, 1/1.0] 1 [1/3.4, 1/2.6] [1/5.4, 1/4.6] 0.933 1 0.348 0.205 0.094
C5-3 [2.6, 3.4] [2.6, 3.4] 1 [1/3.4, 1/2.6] 3.080 3.080 1 0.348 0.251
C5-4 [4.6, 5.4] [4.6, 5.4] [2.6, 3.4] 1 5.080 5.080 3.080 1 0.556

1 CI = 0.043, RCI = 0.900, CR = 0.047 (<0.1).

As shown in Table 5, price is selected as the most important criteria for the evaluation of the 3PL
providers, while customized service and management policies on social sustainability have similar
weights and are ranked second and third in terms of the relative weight. Among four sub-criteria
regarding the management policy, the vehicle safety was regarded as a top priority as shown in Table 6.
This is because vehicle safety directly affects the safety of both employees and products and is related
to the reputation and service quality of G-company. Additionally, occupational health and safety are
also regarded as another important sub-criterion. Throughout the comparison of similar processes
against their alternatives, the final fuzzy AHP results can be obtained as shown in Table 7.

Table 7. Fuzzy AHP results 1.

Criteria C1 C2 C3 C4 C5

Final Weights
for Alternatives

Weight 0.46 0.21 0.09 0.04 0.20

Sub-Criteria C5-1 C5-2 C5-3 C5-4

Weight 0.10 0.09 0.25 0.56

3PL-A 0.325 0.441 0.435 0.356 0.493 0.207 0.468 0.260 0.361
3PL-B 0.330 0.415 0.348 0.331 0.393 0.599 0.441 0.635 0.395
3PL-C 0.344 0.144 0.217 0.313 0.114 0.195 0.091 0.105 0.244

CI 0.000 0.032 0.000 0.000 0.036 0.032 0.021 0.049
1 Composite CI = 0.039, RCI = 1.410, CR = 0.010 (<0.1).

From Table 7, the final relative weights of three 3PL providers are as follows: 0.361, 0.395, and
0.244, and thus 3PL-B can be selected as a partner.

In addition, we conducted some sensitivity analysis using Table 7 to determine which criteria
affect the current results from the viewpoint of 3PL-A and 3PL-C.

First, 3PL-C, the least preferred alternative, could have the same weight as 3PL-B when
3PL-A:3PL-B:3PL-C is 0.26:0.26:0.48 in terms of price. This is based on the assumption that the
weights for customized service are equal among alternatives (i.e., 1/3:1/3:1/3) and the weights for
social sustainability related criteria are the same as the current results. In other words, when we
assume that 3PL-A and 3PL-B propose the same price to G-company (the current proposed prices
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of two firms are close to each other), 3PL-C should have at least a weight of 0.48. This means that
if 3PL-A and 3PL-B propose the same price, 2 monetary units, 3PL-C should propose at most 1.083
monetary units (=2× (0.26/0.48)) to be selected. In short, even if 3PL-C can show the same capability
regarding customized service as the other two competitors, it cannot be selected as a partner unless
shortcomings in its social sustainability related management policy are remedied.

Second, 3PL-A has obtained a higher integrated weight (i.e., sum of the weight of each
alternative considering the weights of criteria/sub-criteria) than the other competitors when
considering only seven criteria/sub-criteria (i.e., from C1 to C5-3) except for C5-4. For reference,
the integrated weight of 3PL-A considering C1 and C2 only can be calculated using Table 7 as
follows: (0.46× 0.325) + (0.21× 0.441) = 0.242. However, after adding the judgment regarding C5-4
to generate a final integrated weight, 3PL-A ranks second behind 3PL-B. Thus, 3PL-A needs to
concentrate on improving its management policy on vehicle safety by building clear and concise rules
and guidelines about how to manage and inspect their vehicles. Figure 5 shows the change of the
integrated weight as we cumulatively add it from C1 to C5-4. As mentioned above, until C5-3, 3PL-A
outperforms other competitors in terms of the integrated weight.

Figure 5. Change of the integrated weights of three 3PL providers.

6. Conclusions

In this paper, we addressed a 3PL provider evaluation problem considering traditional and social
sustainability as one of the important evaluation criteria. Since the 3PL service is mainly dependent on
both transport vehicles and employees, how to manage them from the viewpoint of social sustainability
has become a critical issue. Thus, 3PL providers need to be concerned about not only the service
price or quality but also issues related to social sustainability. Unlike most of the prior research, we
adopted social sustainability into the evaluation of 3PL providers. To do this, we defined the social
sustainability of 3PL providers and related evaluation criteria considering both past research and
practitioners’ opinions. Additionally, the fuzzy AHP was used as a main evaluation framework to
help decision-makers judge the relative importance of each criteria or alternative using linguistic
terms. To show the feasibility of the proposed criteria and evaluation framework, we presented
the illustrative example based on a real-world case: the evaluation of three 3PL providers for an
e-commerce company. The results showed that the proposed approach seems to be viable and to
be a good alternative for evaluating the 3PL providers considering social sustainability. In addition,
by changing the relative priorities of the evaluation criteria/sub-criteria in the proposed evaluation
framework, decision-makers will be able to determine if such change might affect the final choice.
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However, this paper has some limitations. Before proposing the evaluation criteria and their
measures of 3PL provider to practice, the pre-evaluation from both the related researchers and
practitioners needed to be considered. Though the current evaluation criteria were chosen through an
extensive literature review and they were applied to our example with the help of the managers of
G-company, the pre-evaluation might be very helpful to check their feasibility and completeness
objectively. Also, the environmental dimension was not considered in the current evaluation
framework. Thus, for future studies, we need to extend our research by incorporating the constructs of
an environmental dimension (i.e., purchasing more fuel-efficient vehicles, adopting the environmental
management policies, retro-fitting a vehicle with more fuel-efficient engines, reducing vehicle idle
times, etc.) into the current evaluation framework in order to consider a full range of sustainability
together. Additionally, the proposed criteria and framework need to be tested using additional varied
real-world situations including other service outsourcing cases. Also, the effect of setting of the
membership functions of fuzzy numbers and/or both parameters needs to be further analyzed. Finally,
the determined relative weights of the 3PL providers can be used to generate a transportation plan by
allocating transporting amounts to each of 3PL providers considering those weights unless we need to
select only one company.
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