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ABSTRACT In this paper, we seek to evaluate supply chain logistics information quality (SCLIQ) from
the Just-In-Time (JIT) perspective. First, based on the analysis of SCLIQ, it is proposed that the SCLIQ
evaluation should be combined with JIT philosophy. Second, based on SPC and information entropy method,
an evaluation method of SCLIQ is presented. The statistical process control method (SPC) is adopted
to evaluate the information quality of quantity and time respectively, the information entropy method is
employed to determine their weight and the comprehensive evaluation results, and these results are analyzed
according to SPC. Finally, a numerical example is used to demonstrate the feasibility of the proposedmethod.
The major contribution of this paper is the combination of SQLIQ and JIT philosophy, while an objective and
comprehensive evaluation method of SCLIQ from the JIT perspective is developed. The results are useful
for evaluating SCLIQ and determining the best direction of improvement activities.

INDEX TERMS Supply chain, logistics, information quality, just-in-time, statistical process control method
(SPC), information entropy method.

I. INTRODUCTION
In the context of globalization, the increasingly fierce and
dynamic competition has forced many manufacturing enter-
prises to select the most appropriate improvement initiatives
for improving customer satisfaction [1]. However, it is very
difficult to achieve these goals because different value chain
activities, such as the design, manufacturing of the com-
ponents or parts, and the assembly, are often in different
countries or regions. Users of the final product are still in
another place. To overcome these difficulties, the manu-
facturing enterprises are adopting several new techniques,
methods, and strategies among which lean production (LP)
has shown salient presence [2]. The concept of LP became
popular through the book The Machine That Changed the
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World byWomack and Jones in the 1990s [3]. The wide adop-
tion of LP practices and principles has consistently occurred
throughout different industries and contexts during the last
few decades [4], [5]. LP targets at removing any kind of waste
and inconsistency in the production system. The two pillars
of LP are Just-In-Time (JIT) and Jidoka. As one of the most
widely used production strategies [6], JIT is a manufacturing
philosophy developed in Japan, which emphasizes excellence
in all phases of the production cycle [7]. Reference [2] has
reported 31 benefits after a successful JIT implementation
had been obtained by a manufacturing enterprise. The best
characteristic of JIT is that it aims at producing the requisite
product, at the right time, in the right quantity, and should take
away the unnecessary stocks [3], [8], [9]. Moreover, JIT pro-
duction practices improve the responsiveness and efficiency
of supply chains [10], while the prompt response to customer
demand has always been the focus of the supply chain [11].
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In general, an assembly line is commonly coupled
with upstream production systems through a JIT-supply of
required materials [12]. JIT system involves frequent ship-
ments of smaller batch sizes from the supplier to the man-
ufacturing enterprise [13], [14]. To achieve the objectives
of JIT, the manufacturing enterprise must select the most
appropriate supply chain network (an effective supply chain
logistics system is necessary to support production processes
[15]) for the reduction of total costs and waste of time [16].

Supply chain logistics activities will produce logistics
information from beginning to end. In the supply chain logis-
tics system, information is closely related to transportation,
storage, distribution, and so on. Logistics informatization is
regarded as the soul of modern logistics [17]. Supply chain
logistics information collaboration is the basis and premise of
supply chain logistics collaboration [18]. Effective manage-
ment of supply chain logistics information is an important
basis for improving logistics efficiency, reducing logistics
cost, improving service level, and realizing logistics resource
allocation. Information quality is an essential attribute of
information [19]. Many studies suggest that making correct
decisions depends on high-quality information [20]. When
information quality is maintained, then better supply chain
performance is attained [21]. Therefore, a high level of supply
chain logistics information quality (SCLIQ) is the basis of an
effective supply chain logistics system.

In recent years, a large amount of data on logistics informa-
tion can be collected from the wide application of automatic
identification technologies such as barcode technology, radio
frequency identification (RFID), and all kinds of sensors.
Although these data can provide more information to enable
the supply chain to make correct decisions, this informa-
tion is disorganized and complicated [22], [23]. Therefore,
how to evaluate SCLIQ has become a complicated problem.
Moreover, in the context of JIT being adopted by more and
more enterprises, it is very necessary to evaluate information
quality from the JIT perspective.

To date, many researchers have discussed information
quality evaluation. However, to our best of our knowledge,
this paper is the first to evaluate SCLIQ from the JIT per-
spective. The main contributions of this paper are as follows:
1) We propose to combine SCLIQ with JIT philosophy
in SCLIQ evaluation. 2) We present a novel evaluation
method of SCLIQ based on the SPC and information entropy
method. Compared with prior relevant literature on informa-
tion quality evaluation, the proposed evaluation is based on
the combination of SCLIQ and JIT philosophy. Moreover,
the final evaluation result depends on ‘‘right time’’ and ‘‘right
amounts’’ derived from the JIT philosophy. The proposed
method can not only evaluate the two parameters respectively
but also provide a comprehensive evaluation.

The remainder of this paper is structured as follows.
In Section 2, the literature on information quality is briefly
reviewed. In Section 3, we explain why SCLIQ and JIT
philosophy should be combined in the SCLIQ evaluation.
The research question is described too. Based on SPC and

information entropy method, the details of the proposed
method are presented in Section 4. In Section 5, a numerical
example is provided to verify the feasibility of the pro-
posed method. Finally, Section 6 presents the conclusion,
the research limitations, and directions for further research.

II. LITERATURE REVIEW
Information quality has received considerable attention due
to its critical impact on the accuracy of the decision-making
process [24]. Most research mainly focuses on accounting
information quality and statistical information quality [25].
Information quality begins with the data quality so that some
research uses information quality and data quality inter-
changeably [24], which is also the case in this paper.

Information quality is defined, described, and interpreted
from different perspectives [26]. Information quality mea-
sures the degree to which the information exchanged between
organizations meets the needs of the organizations [27].
It refers to information richness, rather than the amount,
and thus it emphasizes the quality and nature of information
shared between buyers and suppliers [28]. Besides, informa-
tion quality can be regarded as the ability to satisfy both stated
and implied needs of an information consumer [29]. Although
there is no consensus on the definition of information quality
up to now, information quality can be often defined briefly
as the ‘fitness for use’ of information [30], [31]. More com-
pletely as ‘people’s subjective judgment of goodness and use-
fulness of the information in certain information use settings
concerning their expectations of information or regarding
other information available’ [32]. It lies in how the informa-
tion is perceived and used by its customer [33]. Information
quality is proposed as amechanism that can largely determine
the success of the supply chain integration effort [34].

These definitions mainly focus on the quality of the infor-
mation itself and the subjective feeling of information users
(customer or organization). However, these definitions only
represent the quality of information at a certain point so that
the results are only useful for information quality improve-
ment of the node [35]. When it comes to the global con-
text, in which the information quality of all nodes should be
investigated, these definitions become improper. For exam-
ple, in the supply chain logistics whose targets are to meet
the customers’ requirements, the information quality of all
nodes is important and should be investigated. Therefore, the
definition of information quality should be further explored.

Information quality is inherently a hierarchical multi-
dimensional concept [21], [31], [36]–[38] with inherent
limitations when applied to a specific application domain
[31]. Though the dimensions of information quality changes
dynamically [33], several typical dimension classifications of
information quality in the literature are shown in Table 1.
Practically, the different dimensions are always grouped into
different categories according to the research objectives so
that the different hierarchical structure models of information
quality are constructed. In sum, different research uses dif-
ferent dimensions of information quality that could achieve
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TABLE 1. Several typical dimension classifications.

research goals. However, some dimensions of information
quality can only be qualitatively measured so that the final
evaluation results are significantly affected by subjective fac-
tors. To evaluate information quality objectively, the dimen-
sions of information quality should be further discussed in the
supply chain logistics.

Researchers have proposed many methods to evaluate
information quality. Due to the hierarchical structures models
of information quality, the analytic hierarchy process (AHP)
and fuzzy comprehensive evaluation are often applied to
evaluate the information quality [19], [24], [25]. Meanwhile,
statistical analysis is also used. For example, reference [39]
and [40] use the standard Cronbach alpha to assess the
information quality based on data from the questionnaire.
Information entropy is an important concept of informa-
tion theory, reference [42] takes information entropy as a
tool to evaluate the information quality. Besides, the mean
designates method and grey incidence clustering model are
employed to evaluate themarketing information quality based
on the questionnaire [43]. Based on in-depth semi-structured
interviews, reference [44] applies the cross-case analysis
method to explore the determinants of information quality
in dyadic supply chain relationships. Based on the content
and organizational structure of the data item, reference [45]
combines the rough set theory and the objective informa-
tion six-tuple model to define the data quality evaluation
model. In sum, the existing methods can evaluate the specific
information quality of research. The results can also apply

to improve specific information quality. However, many cur-
rent methods contain some qualitative evaluation indicators.
Moreover, most of the data sources are questionnaires or
interviews. Therefore, the final evaluation results are easy to
be affected by subjective factors. To evaluate the information
quality more objectively and accurately, objective methods
should be developed. We can also develop these methods
based on the existing approaches.

In addition, some scholars and practitioners have also stud-
ied the information quality of the supply chain. However,
most researches mainly focus on the relationship between
supply chain and information quality. The researches indi-
cate: Information quality is a key point in the quality man-
agement of the supply chain and can affect the decision of
the supply chain [20], [46]. Moreover, although the supply
chain performance and forecast information quality are not
necessarily positively correlated [47], and the association of
information quality with supply chain performance is fully
mediated by information sharing [21], to achieve good per-
formance, supply chain practice should be aligned with their
information quality [27]. Furthermore, information quality is
influenced negatively by supplier uncertainty, but positively
by trust and shared vision in supply chain partners [48].
In sum, information quality plays an important role in supply
chain management. Therefore, it is very necessary to study
the information quality of the supply chain deeply.

In summary, the current relevant researches yield some
useful research results, which play a very positive role in
improving information quality. However, some important
problems should be further discussed. First, most definitions
of information quality are from the ‘fitness for use’. They
represent the local quality of information and have some
limitations on the global quality of information. Therefore,
some global definitions should be proposed. Second, some
dimensions of the information quality are qualitative. These
dimensions are the subjective feeling of the information user.
It is very difficult to evaluate the information quality objec-
tively based on these dimensions. Therefore, based on the
dynamic changing characteristics of dimensions, to realize
the objective evaluation of information quality, the reasonable
dimensions of the information quality should be further stud-
ied. Third, the current evaluation methods realize the evalua-
tion of the local information quality. However, these methods
may not be appropriate for global information quality assess-
ment. Therefore, the evaluation method of global information
quality should be developed. Finally, nowadays, competition
venues are transforming from enterprises to supply chains.
However, the research on the information quality of the sup-
ply chain is insufficient. Therefore, more research should be
done on the information quality of the supply chain. In this
paper, based on the context of JIT being adopted by more and
more enterprises, SCLIQ evaluation is studied from the JIT
perspective. We propose that the SCLIQ should be combined
with JIT philosophy in SCLIQ evaluation. Meanwhile, based
on SPC and information entropy method, an objective and
comprehensive evaluation method of SCLIQ is presented.
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FIGURE 1. Supply chain logistics information process.

The method includes the evaluation of time, quantity, and
comprehensive evaluation. The research results will provide a
new perspective and an objective and comprehensive method
of SCLIQ evaluation.

III. PROBLEM STATEMENT
In this section, the connotation of SCLIQ is analyzed, it is
proposed that the SCLIQ evaluation should be combined
with the JIT philosophy in the context of JIT being adopted
by more and more enterprises, and the problem statement,
assumptions, and conditions are presented.

A. CONNOTATION OF SCLIQ
Supply chain logistics may be considered to be an extension
of traditional logistics. Logistics activities are the core of the
supply chain. Supply chain logistics coordinates production
and purchase plans in the supply field, customer service and
order processing in the sales field, and inventory control in the
financial field. The primary goal of supply chain logistics is
to provide satisfactory service to customers, that is, to deliver
the right products to the designated place by customers at the
right time in the right way. Supply chain logistics activities
will produce logistics information from beginning to end.
A large amount of accurate, immediate, and comprehensive
information is the basis of effective logistics management.
Moreover, supply chain logistics management is mainly to
strengthen the information exchange and coordination among
the entities in the supply chain, to keep the logistics smooth
and efficient.

Take a supply chain composed of suppliers, manufactur-
ers, and customers as an example. The logistics information
flow of the supply chain is shown in Figure 1. In this pro-
cess, the relevant information systems include customer rela-
tionship management (CRM), enterprise resource planning
(ERP), manufacturing execution system (MES), purchasing
management system (PMS), warehouse management system
(WMS), logistics management system (LMS), supplier rela-
tionshipmanagement system (SRM), and so on. The informa-
tion system covers the organizational processes, procedures,
and roles employed in collecting, processing, distributing,
and using data [19]. Information quality results from the
information system are essential attributes of information.

and serve for all steps in the process [19]. Therefore, any
information quality problemwill directly affect the efficiency
and effect of supply chain logistics system operation. As a
kind of domain information, supply chain logistics informa-
tion is limited in the content range of information expression,
and there is no essential difference between the requirements
of information quality and content structure.

According to the traditional definition of information qual-
ity, SCLIQ can be defined as the satisfaction of supply
chain logistics information users with logistics information
received. If the information can meet the user’s requirements,
the information quality is high, and vice versa. According to
this view, SCLIQ should be evaluated from the perspective of
a supply chain logistics information node. The results are the
local quality of information. However, from the perspective
of the whole supply chain, the ultimate goal of the logistics
is to deliver the products (or parts) to the customers (or
the final consumers) on time. Although SCLIQ plays an
important role in the realization of the ultimate goal of supply
chain logistics, the high quality of a supply chain logistics
information node (the local quality of information) does not
guarantee that supply chain logistics can achieve its ultimate
goal. The root cause of this phenomenon is that supply chain
logistics information contains many elements (or systems)
and involves many departments (and enterprises). Just as a
part cannot replace the whole, the information quality of
a department cannot replace the information quality of the
whole supply chain. On the other hand, certainly, SCLIQ can
also be defined as the quality of logistic information itself.
However, based on the definition, the evaluation results only
are the information quality itself, unrelated to the ultimate
goal of supply chain logistics. Therefore, it is not scientific
to evaluate the quality of logistics information from the per-
spective of information itself or a single node of the supply
chain.

Since the purpose of studying SCLIQ is to ensure the
realization of the ultimate goal of supply chain logistics,
it is necessary to link information quality with the ulti-
mate goal of supply chain logistics. Therefore, in this paper,
we define the SCLIQ as follows. Definition: SCLIQ refers
to the degree of the realization of supply chain logistics
objectives.
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This definition is results-oriented, and it is proposed from
the perspective of the whole supply chain logistics. Instead
of focusing on local information quality as the traditional
definition of the information quality, it focuses on the ultimate
objectives and the results of global information quality of the
supply chain logistics. If the ultimate objectives are achieved,
then the information quality is high.

In a two-echelon supply chain composed of multiple sup-
pliers and a manufacturer, the primary goal of supply chain
logistics is to provide satisfactory logistics service for the
manufacturer. Therefore, SCLIQ is the satisfaction degree
of the manufacturer’s logistics demand. In the JIT system,
the requisite product (the components or parts) should be
distributed from the supplier to the manufacturer at the right
time, in the right quantity. So, the SCLIQ should be evalu-
ated from the requisite product, the right time, and the right
quantity (JIT perspective).

JIT is a set of principles, tools, and techniques that allows
a company to produce and deliver products in small quanti-
ties, with short lead times, to meet specific customer needs.
In brief, JIT delivers the right items at the right time in the
right amounts [49]. On the other hand, suppliers in the supply
chain cooperate with manufacturers for a long time, and each
supplier supplies fixed materials (or parts) to manufacturers.
That is to say, ‘‘the right items’’ can be considered as known
elements. Therefore, from the JIT perspective, the evaluation
of SCLIQ is transformed into the evaluation of ‘‘at the right
time in the right amounts’’ under given conditions.

B. PROBLEM STATEMENT
In this paper, we study a two-echelon supply chain composed
of a manufacturer and multiple suppliers. The supply chain is
the manufacturer-centered supply chain. Each supplier sup-
plies a certain type of part for a long time. Many manufac-
turers implement JIT in recent years. Therefore, the suppliers
are required to deliver the right items (components or parts) at
the right time in the right amounts. In this supply chain, the
primary goal of logistics is to provide satisfactory logistics
services for the manufacturer. Therefore, the SCLIQ should
be evaluated from the JIT perspective. Next, we will mainly
study how to evaluate SCLIQ from the JIT perspective objec-
tively and comprehensively.

In this paper, the proposed method of SCLIQ evaluation is
based on the following assumptions and conditions:

(1) The manufacturer determines the quantity and time of
the materials (components or parts) according to the required
quantity and time of the final product.

(2) There is only one supplier for each material.
(3) The suppliers should supply the materials (components

or parts) at the right time in the right amounts.
(4) For standard parts (such as bolts and nuts, etc.),

batch distribution is often adopted. For non-standard parts
with large volume and weight, the small-batch and multi-
frequency distribution are often adopted. Due to the different
volume, weight, and distribution tools of each material, the

TABLE 2. Notations.

delivery times of different materials are different. There is no
limit on the delivery quantity and times of the supplier.

(5) The price, delivery method, and transportation distance
of the materials are not considered.

(6) The manufacturer can obtain accurate information
about the quantity and time of the materials received.

C. NOTATIONS
The main notations and their meaning in this paper are shown
in Table 2.

IV. SCLIQ EVALUATION FROM JIT PERSPECTIVE
In this section, the basic methods of the proposed method are
briefly described. Then, based on SPC and the information
entropy method, the SCLIQ evaluation method from the JIT
perspective is presented in detail.

A. BASIC METHODS
1) SPC
In the 1920s, a statistician at the AT&T Bell Laboratories
in the USA, Walter Shewhart develops SPC to improve
industrial manufacturing [50]. Dr. W Edwards Deming,
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an engineer from Bell Laboratories popularizes it world-
wide after World War II [51]. Since then, SPC plays an
important role in product quality improvement and quality
supervision [52]. Now, SPC is not only a key tool of quality
improvement but also a philosophy, a strategy, and a set of
methods for ongoing improvement of systems, processes, and
outcomes [50].

The key tool of SPC is the control chart. The chart usually
includes a series of measurement plots and three horizontal
lines (the center line (typically, the mean), the upper control
limit (UCL), and the lower control limit (LCL)) [51], [53].
Reference [52] presents nine typical control charts patterns of
the production process. In the traditional application of SPC,
the UCL and LCL are usually calculated from the inherent
in the data, and most SPC experts recommend control limits
set at±3σ , where σ is the standard deviation of uncorrelated
noise in the process [51], [53]. For the normal distribution,
whatever the mean and σ are, the probability of the data fall
within ±3σ of the mean is 97.3% if the process is stable and
does change [51], [54].

For researchers and practitioners of quality, SPC can help
them to distinguish the abnormal fluctuations and the ran-
dom fluctuation in the process. Then, the quality manager
can take specific measures to eliminate abnormalities and
maintain the stability of the process. SPC can be utilized to
improve the quality of manufacturing processes and service
processes [54].

2) INFORMATION ENTROPY
Entropy is originally a thermodynamic concept [55]. In 1948,
Shannon, the father of information theory, first proposes
the concept of information entropy. In information theory,
information quantity measures the information brought about
by a specific event, and information entropy is the expec-
tation of the information quantity [56]. Entropy is often
used to measure the out-of-order degree of a system [57].
The higher the degree of order of a system, the lower the
entropy value is, the larger the information contained; on
the contrary, the higher the degree of disorder, the higher
the entropy, the smaller the information contained [58].
Information entropy is a useful mechanism and has been
used in a variety of applications [57] including the quality
evaluation [59], [60].

In the supply chain, logistics information is a generalized
system. Information entropy can quantitatively describe its
static and dynamic characteristics, reflect the degree of dis-
order, complexity, or dispersion from a certain index of the
information process. Moreover, by analyzing the degree of
uncertainty of information, it can measure the information
quality problem caused by various factors to the information
process.

The supply chain logistics information process is a ser-
vice process while all the logistics information of the supply
chain can be regarded as a generalized system. Therefore,

FIGURE 2. Flow chart of the proposed method.

we employ SPC and information entropy method to distin-
guish the abnormalities and evaluate SCLIQ in this paper.

B. PROPOSED METHOD
As mentioned above, from the JIT perspective, SCLIQ can
be evaluated from ‘‘at the right time in the right amounts’’
when ‘‘the right items’’ are determined. In this paper, based
on SPC and the information entropy method, we propose
a novel method to evaluate SCLIQ from the JIT perspec-
tive. The flow chart of the proposed method is shown
in Figure 2.

C. DETERMINING THE QUANTITY AND TIME
1) QUANTITY OF MATERIAL REQUIRED
The manufacturer’s product is Y , and the material of the
product Y is X . According to the bill of materials (BOM) of
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Y , the relationship between Y and X is:

Y =


y1
y2
...

ym

 =
 a11 · · · a1n

...
. . .

...

am1 . . . amn



x1
x2
...

xn

 = AX (1)

whereA is thematerial demandmatrix of Y , which is different
for the various enterprise. aij ∈ A and aij ≥ 0. When aij = 0,
the product yi does not need to use material xj. When aij > 0,
the product yi contains aij material xj.
Therefore, corresponding to each product yi, the required

material (part) quantity Fi is:

Fi = (yi, ai1x1 + ai2x2 + . . .+ ainxn) (2)

For a given output B of Y (bi ≥ 0 and bi ∈ B), the required
quantity of material Kj is:

Kj =
(
a1jb1 + a2jb2 + . . .+ anjbn

)
(3)

The material requirement matrix of product Y can be
expressed as:

F= [F1F2. . .Fm]T= [Y AX ] (4)

2) TIME OF MATERIAL REQUIRED
According to the production sequence plan and the manufac-
turing process of products, the manufacturer can determine
the time required for each material (theoretical arrival time,
also known as standard arrival time). Then, the supplier is
required to deliver each material to the designated place on
time in a JIT system.

3) OBTAINING THE ACTUAL QUANTITY AND TIME
The logistics information includes the actual quantity of each
material received and the actual arrival time of each batch
material. In modern logistics systems, data can be obtained
from the information system related to logistics (such as
WMS).

D. AMOUNT EVALUATION
Step 1. Calculating the material delivery rate
Based on (3), if the output of Y is known, the theoretical

requirement amount of each material can be determined. Let
[K1K2· · ·Km ] (Kj≥ 0) be the theoretical requirement amount
of each material, and [q1q2· · ·qm ] (qj≥ 0) be the actual
amount of each material received. Then, the ratio between the
theoretical requirement amount and the actual amount of each
material received is θj=Kj

/
qj. Therefore, the ratio matrix θ

can be obtained:

θ = [θ1 θ2 · · · θm] (5)

Ideally, θj≡ 1, therefore, θ is a row vector and each vec-
tor value is 1. However, in the actual manufacturing pro-
cess, various random factors (such as waste products, losses,
etc.) may lead to the quantity deviation of received materi-
als. To ensure normal production, the demand relationship

matrix A will be appropriately modified to eliminate the
impact of waste products and losses. Besides, the quantity of
materials delivered each time cannot always be equal to the
quantity required. That is to say, in a certain period, the quan-
tity of materials delivered fluctuates randomly. Therefore,
the distribution of value θj will be randomly distributedwithin
a certain control range.
Step 2. Determining the control range
According to SPC, when the process is under control,

the product quality characteristic value will follow a certain
normal distribution N (µσ 2). At this point, the probability
of the quality eigenvalue within µ±3σ range is 99.73%,
while the probability of falling outside the range is 0.27%,
almost negligible. In this paper, there is only one supplier
for each material, so the supply of each material is indepen-
dent. Therefore, the distribution of θ should follow a defi-
nite normal distributionN (µσ 2). Moreover, in manufacturing
enterprises, the supply of materials should be controlled. So,
µ±3σ can be used as the control interval for θ , namely:

Center line : CL = µ
Upper control line : UCL = µ+ 3σ
Low control line : LCL = µ− 3σ

(6)

Meanwhile, in the evaluation of SCLIQ, the mean θ̄ and
standard variance σθ of θ can be obtained:

θ̄ =

∑m
j=0 θj

m

σθ =

√∑m
j=0

(
θj − θ

)2
m

(7)

According to (6) and (7), the UCL, CL, and LCL of θ can
be calculated. Then, the control chart of θ can be got.
Step 3. Evaluating the information quality of quantity
According to SPC, for a specific θj, if θj is within this

control range, it means that the actual quantity of material
received is the same as the theoretical requirement quantity of
material. The supply chain logistics information is true, accu-
rate, and complete. Therefore, the amount aspect of SCLIQ is
good. On the contrary, if θj exceeds this control range, it indi-
cates that there are information quality problems (such as
false, inaccurate, and incomplete information) in the process
of supply chain logistics information. Therefore, the amount
aspect of SCLIQ is poor. The confidence probability of θj in
µ±3σ for dynamic information quality evaluation is 99%.
Therefore, the accuracy and authenticity of supply chain
logistics information can be objectively evaluated.

E. TIME EVALUATION
Step 1. Calculating the on-time delivery rate
The delivery time difference of the jth delivery of material

xi is:

T ji = rt ji − st
j
i (8)

where rt ji represents the actual arrival time of the jth delivery
of material xi, and st

j
i represents the standard arrival time of
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the jth delivery of material xi. T
j
i > 0 means that the actual

arrival time is later than the standard arrival time. Let:

NT ji
=

{
1, T ji ≤ 0

0, T ji > 0
(9)

where NT ji
is the binary expression (a process parameter) of

T ji . Then, the on-time delivery rate of certain material xi in a
certain period is:

ρi =

∑n
j=1 NT ji
n

(10)

The on-time delivery rate matrix ρ can be obtained:

ρ =
[
ρ1, ρ2, · · · , ρn

]
(11)

From the JIT perspective, either early or late delivery
would have a negative impact on the supply chain. Therefore,
ideally, ρi≡ 1. At this point, ρ is a row vector and each vector
value is 1. However, in the actual manufacturing process,
various random factors (such as information input lag, trans-
mission delay, information processing untimely, etc.) may
lead to the delay of delivery. Therefore, the distribution of
value ρj will be randomly distributed within a certain control
range.
Step 2. Determining the control range
As mentioned above, according to SPC, the control range

of ρi can be obtained according to (6). Similar to θ̄ and
σθ , in the evaluation of SCLIQ, the mean ρ̄ and standard
deviation σρ of ρ can be calculated:

ρ̄ =

∑n
i=1 ρi

n

σρ =

√∑n
i=1 (ρi − ρ̄)

2

n

(12)

According to (6) and (12), the UCL, CL, and LCL of ρ can
be calculated. Then, the control chart of ρ can be got.
Step 3. Determining the information quality of time
According to SPC, similar to the amount evaluation, for

a specific ρi, if ρi is within this control range, the supply
chain logistics information is on time. Therefore, the time
aspect of SCLIQ is good. On the contrary, if ρi exceeds
this control range, it indicates that there are abnormalities
(such as decision delay, delivery delay, etc.) in the process of
supply chain logistics information. The time aspect of SCLIQ
is poor. Therefore, the timeliness of logistics information
transmission in the supply chain can be objectively evaluated.

F. COMPREHENSIVE EVALUATION
Step 1. Calculating the entropy

The idea of entropy, of which Shannon entropy is accepted
bymost people, is an important concept to the probability dis-
tribution on the space X=

[
x1,x2, · · · , xi

]
. Then, the Shan-

non entropy is [23], [59]:

H (P) = −
n∑
i=1

PilnPi (13)

where Pi represents the probability of ith element in the
vector.

According to (13), the characteristic proportion Pij of the
ith coefficient of the jth index is calculated:

Pij =
xij∑n
i=1 xij

(14)

where xij represents the measured value of the ith information
expression form on the jth index. Then, the entropy ej of the
jth index:

ej = −k
n∑
i=1

PijlnPij (15)

To 0 ≤ej≤ 1, in (15), the coefficient k should be calculated
according to (16). When xij is all equal, Pij= 1/n, and at this
time, ej=emax= 1.

k =
1
lnn

(16)

Step 2. Calculating the weight coefficient of time and quantity
When the difference of xij is smaller, ej is larger. When ej is

equal to emax , xj is meaningless for the comparison between
systems. Meanwhile, when the difference of xij is larger, ej
is smaller, and the index will play a more important role.
Therefore, the different coefficient gj of xj can be calculated
according to (17), and when gi is larger, the more attention
should be paid to the index.

gi = 1− ej (17)

The weight coefficient ωj of the jth index is:

ωj =
gj∑m
i=1 gi

(18)

where j= 1, 2, . . . ,m.
Step 3. Determining the comprehensive evaluation result
The comprehensive evaluation result LIQj of the jth index

is:

LIQj = ωjθj +
(
1− ωj

)
ρj (19)

Step 4. Determining the control range
Similar to θ̄ and σθ , in the evaluation of SCLIQ, the mean

LIQ and standard deviation σLIQ of LIQ can be obtained:
LIQ =

∑n
i=1 LIQi
n

σLIQ =

√∑n
i=1

(
LIQi − LIQ

)2
n

(20)

As mentioned above, the UCL, CL, and LCL of LIQ can
be obtained according to (6) and (20). Then, the control chart
of LIQ can be drawn.
Step 5. Evaluating the SCLIQ
According to SPC, similar to the amount and time eval-

uation, for a specific LIQj, if it is within this control range,
it means that the SCLIQ meets the JIT requirement of the
manufacturer. Therefore, SCLIQ is good. On the contrary,
if LIQj exceeds this control range, it indicates that there
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TABLE 3. Products and materials relationship.

are abnormalities in the process of supply chain logistics
information. Therefore, SCLIQ is poor. The SCLIQ can be
objectively evaluated from the JIT perspective.

V. NUMERICAL EXAMPLES
In this section, we take a manufacturing supply chain as a
numerical example. The proposed method is applied to eval-
uate the logistics information quality of the manufacturing
supply chain. The results show that the proposed method can
evaluate the SCLIQ from the JIT perspective.

The manufacturing supply chain includes a core man-
ufacturer and multiple suppliers. The supply chain is a
manufacturer-centered two-echelon supply chain. The core
manufacturer is a mechanical assembly manufacturing com-
pany. All products of the manufacturer are assembled on the
assembly line. Themanufacturer cooperates with all suppliers
for a long time. The logistics informatization foundation of
the supply chain is better. In recent years, the manufacturer
implements JIT. As the core of the supply chain, the man-
ufacturer requires all suppliers to deliver various materials
based on JIT supply. Tomonitor and improve the supply chain
logistics information according to JIT requirements, it is
necessary to evaluate SCLIQ from the JIT perspective. The
information systems of the manufacturer include CRM, ERP,
MES, PMS, WMS, LMS, SRM, etc. The data of quantity and
time can be got from the information systems. In this paper,
we collect the relevant data through the investigation of the
manufacturers.

A. DETERMINING QUANTITY AND TIME
Because the calculation process of time data is relatively sim-
ple, only the calculation process of material quantity related
data is given here.

1) QUANTITY OF MATERIAL REQUIRED
The relationship between some products and materials is
shown in Table 3.

Then the corresponding material demand transformation
matrix A is:

A =



1 0 0 4 1 1 0 0 10 6 0 2 2 13
1 0 0 4 1 1 0 0 10 6 0 2 2 17
1 0 0 4 1 1 0 0 10 10 0 4 2 17
1 0 0 4 1 0 0 0 10 10 0 4 2 17
1 0 0 4 1 0 0 0 10 10 0 4 8 17
1 0 0 6 2 1 1 4 22 4 8 8 8 28
1 0 0 6 2 1 0 4 20 4 8 0 8 28
1 1 0 4 1 1 0 0 10 6 0 2 2 17
1 1 0 4 1 0 0 0 10 6 0 2 2 17
1 1 0 4 1 1 0 0 10 6 0 4 2 17
1 1 0 4 1 1 0 0 10 6 0 4 2 17
1 1 0 4 1 1 1 0 10 6 0 8 2 17
1 1 0 6 2 0 0 4 20 4 8 0 8 28
1 1 0 6 2 0 0 4 20 4 8 0 8 28
1 1 1 8 2 0 0 4 20 4 8 6 8 28
1 1 1 8 2 1 1 4 24 4 8 8 8 28
1 1 0 4 1 0 0 4 10 10 0 2 2 17


The actual product output of the manufacturer from Octo-

ber to December is shown in Table 4.
The theoretical requirement quantity of materials can be

obtained through calculation, as shown in Table 5.

2) TIME OF MATERIAL REQUIRED
According to the orders (or product plan) of themanufacturer,
the time of the material required can be calculated by ERP.
Then, the suppliers are required to deliver each material to
the designated place on time.
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TABLE 4. Actual product output.

TABLE 5. Theoretical requirement quantity.

3) OBTAINING THE ACTUAL QUANTITY AND TIME
In the manufacturer, all the materials will be delivered to the
assembly line after the warehousing procedure. Therefore,
the data of the actual quantity and time can be obtained from
the WMS of the manufacturer.

The actual quantity of material received by the manufac-
turer is shown in Table 6.

B. AMOUNT EVALUATION
Step 1. Calculating the ratio of material quantity

According to θj=Kj
/
qj, the matrix θ is obtained as shown

in Table 7.
Step 2. Determining the control range
According to (6), the control range of θ from October to

December should be: (0.82, 1.36), (0.5, 1.76), (0.78, 1.38).
Taking into account the company’s implementation of JIT,
to ensure output, the quantity of actual arrival material must

TABLE 6. The actual quantity of material received.

be equal to the theoretical demand, namely, θ= 1. However,
in the actual production process, to guarantee the supply,
the supplier often providesmaterials more than the theoretical
demand quantity. Therefore, θ≥ 1. The revised control range
of θ from October to December should be changed as shown
in Table 8.

Take the quantity of materials in November as an exam-
ple, the logistics information quality control chart is shown
in Figure 3.
Step 3. Evaluating the information quality of quantity
According to SPC, θ should be near the center limit and

randomly distributed on both sides of the center line. How-
ever, in Figure 3, most of them are located between the center
line and the lowest line, or even close to (or equal to) the
lowest line. The reason is that enterprises implement JIT,
the actual amount of material received should be equal to the
theoretical demand. Nevertheless, due to the delivery batch,
cost, and other reasons, suppliers may still distribute more
materials (within a certain range). Therefore, the supply of
material x1, x2, x3, and x9 meet the requirements of JIT. And
the supply of other materials (except x8) is normal. However,
for material x8, the ratio between the actual material quantity
received and the theoretical demand material quantity is 1.84,
and 0.08 more than the upper control limit of 1.76. If the
information problem of the material conversion relationship
between the material and corresponding products (i.e. y6, y7,
y13, y14, y15, y16 and y17) is excluded, then the supply chain
logistics information ofmaterial x8 has an information quality
problem of quantity aspect.

In summary, in terms of quantity, the supply of material
x1, x2, x3, and x9 completely meet the requirements, and their
SCLIQ is high. Meanwhile, if the influence of distribution
volume, cost, and other factors is considered, the supply of
other materials (except x8) can also be accepted, and their
SCLIQ is acceptable. However, the supply of material x8
cannot be accepted if the material conversion relationship
between the material and corresponding product is excluded,
and its SCLIQ is unacceptable. Therefore, the supply chain
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TABLE 7. θ of October to December.

TABLE 8. Control range of the quantity of materials.

FIGURE 3. Logistics information quality control (Quantity).

TABLE 9. The on-time delivery rate of materials.

TABLE 10. Control range of the on-time delivery rate of materials.

of material x8 should pay more attention to the quality of
logistics information. The results are helpful to determine the
direction of the problem and take corresponding measures for
meeting the requirements of JIT supply.

C. TIME EVALUATION
Step 1. Calculating the on-time delivery rate

According to the production sequence plan of a company
from October to December, the standard time and the distri-
bution times of 14 kinds of materials can be obtained, and
the actual time of delivery can be measured. According to
(8) - (10), the on-time delivery rate of materials is shown in
Table 9.
Step 2. Determining the control range
According to (12), the mean and standard variance of ρ

can be calculated. Due to JIT implementation, all suppliers
are required to distribute materials on time (namely, ρj≡ 1),

therefore, UCL= 1. This is a maximum and an ideal value.
Therefore, the revised control range can be obtained accord-
ing to (6) and shown in Table 10. According to Table 10,
the control chart of ρ can be drawn as shown in Figure 4.
Step 3. Determining the information quality of time
In Figure 4, ρ̄= 0.905. According to SPC, ρj should be

near 0.905 and randomly distributed on both sides of the
center line. Meanwhile, according to JIT, ρj≡ 1. Therefore,
for material x11, the on-time delivery rate is 1.000, which is
equal to the upper control limit of 1.00 and meets the require-
ments of JIT. The supply of other materials (except x10) is
normal. However, for material x10, the on-time delivery rate
is 0.569, and 0.09 lower than the low control limit of 0.578.
If the information problems of the production sequence plan
and the manufacturing process of products are excluded, then
the supply chain logistics information of material x10 have
information quality problems of time aspect.
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FIGURE 4. Logistics information quality control (Time).

TABLE 11. Comprehensive evaluation result.

In summary, in terms of time, the supply of material x11
completely meet the requirements, and its SCLIQ is high.
Meanwhile, if the influence of various random factors is
considered in the actual manufacturing process, the supply
of other materials (except x10) can also be accepted, and
their SCLIQ is acceptable. However, the supply of material
x10 cannot be accepted if the information problems of the
production sequence plan and the manufacturing process
of products are excluded, and its SCLIQ is unacceptable.
Therefore, the supply chain of material x10 should pay more
attention to the quality of logistics information, especially in
terms of time.

D. COMPREHENSIVE EVALUATION
Step 1. Calculating the entropy

Take the data of materials in October as an exam-
ple. According to (14), the calculation results of amount
and time are shown in Table 11. According to (16),
when n = 14, k = 0.3789. Therefore, according to (15),
the entropy of time and quantity can be obtained as
follows: {

eQ = −0.3789× 2.6357 = 0.9987
eT = −0.3789× 2.6316 = 0.9972

(21)

According to (17), the different coefficient of time and
quantity can be calculated as follows:{

gQ = 1− eQ = 1− 0.9987 = 0.0013
gT = 1− eT = 1− 0.9972 = 0.0028

(22)

Step 2. Calculating the weight coefficient of time and quantity
According to (18), the weights of time and quantity can be

calculated as follows:
wQ =

0.0013
0.0013+ 0.0028

= 0.3095

wT =
0.0028

0.0013+ 0.0028
= 0.6905

(23)

From the result of weights, the weight of time is greater
than the weight of quantity. Therefore, when controlling
information quality, we should pay attention to the quality of
time information.
Step 3. Determining the comprehensive evaluation result
According to (19), the comprehensive evaluation result is

shown in Table 11.
Step 4. Determining the control range
According to (20), the mean and standard variance of LIQ

can be calculated as follows:{
LIQ = 0.9624
σLIQ = 0.0806

(24)
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TABLE 12. Control range of LIQ.

FIGURE 5. Comparison figure.

According to (6), the control range of LIQ can be obtained
in October and shown in Table 12. The comparison of com-
prehensive evaluation results (CER), UCL and LCL of CER,
time evaluation results (TER), and quantity evaluation results
(QER) in October are shown in Figure 5. Similar to the
comprehensive evaluation process of October, the compre-
hensive evaluation results for November and December are
also available.
Step 5. Evaluating the SCLIQ
In Figure 5. LIQ= 0.9624. From the comprehensive evalu-

ation results, the distribution of most materials can meet their
corresponding requirements, so SCLIQ ofmostmaterials is in
a normal state. However, for material x10, the comprehensive
evaluation result is 0.7117, which is close to the low control
line and just 0.0009more than the low control limit of 0.7206.
At the same time, for material x11, the comprehensive eval-
uation result is 1.0929, which is just 0.0113 below the upper
control limit of 1.2042. Therefore, the supply chain logistics
information of material x10 and x11 have a quality problem.
Meanwhile, SCLIQ of x10 has relatively serious problems.
Therefore, in future supply chain logistics cooperation, more
attention should be paid to the quality of information related
to x10 and x11, especially x10.

By comparing the data of October, it is not difficult to
find that although the supply of most materials meets the
requirements, the information quality of material quantity
and time still exists. Especially when the quantity and time
information quality change in the opposite direction, even
if the change is large, the comprehensive evaluation results
may still be within the control range, such as x13 and x14.
Meanwhile, the influence of time information quality on the
comprehensive results is greater than that of quantity infor-
mation quality. That is to say, the information quality problem
in the time aspect tends to cause more serious problems.
For example, the major reason that the low comprehensive
evaluation of material x10 is that the supply of material x10

is not on time. The second reason is the quantity of material
x10 is not accurate enough. Furthermore, When the quantity
and time information quality change in the same direction,
the change of them will be superimposed and the change of
the comprehensive evaluation result will be intensified, such
as x11. Therefore, the enterprises of the supply chain should
regularly evaluate the quality of logistics information in the
supply chain and take targetedmeasures to solve the problems
found, to ensure the JIT supply of materials.

The results of the numerical example verify the feasibility
of the proposed method. Compared with current approaches,
the proposed method is based on ‘‘the right time’’ and ‘‘the
right amount’’ from the JIT perspective. Meanwhile, in the
process of evaluation, no subjective factors are involved, so
the results are objective. Moreover, Not only the time and
quantity evaluation results are given, but also the compre-
hensive evaluation results are given. This is useful for the
manufacturer to make the right conclusion and determining
the best direction of improvement activities. It helps improve
SCLIQ. However, the proposed method is result-oriented and
does not pay enough attention to the information quality of
each node in the process. It is not conducive to discovering
the specific causes of quality problems. Besides, although the
proposed method can be applied to evaluate the SCLIQ, we
also need to explore whether this method is suitable for the
assessment of information quality in other fields.

VI. CONCLUSION
SCLIQ plays an important role in improving logistics effi-
ciency, reducing logistics costs, and improving logistics ser-
vice level. In the context of JIT being adopted by more
and more enterprises, we proposed that the SCLIQ evalu-
ation should be combined with JIT philosophy. Based on
‘‘right items’’ known elements, the evaluation of SCLIQ was
transformed into the evaluation of ‘‘at the right time in the
right amounts’’. Then, based on the SPC and information
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entropy method, a novel evaluation method of SCLIQ was
presented. SPC was applied to evaluate the information qual-
ity of the time and quantity aspects. The information entropy
method was employed to determine the weight of time and
quantity, respectively. The comprehensive evaluation results
of the time and quantity were determined. According to
SPC, the comprehensive evaluation results of SCLIQ could
be determined. Finally, we presented a numerical example
to demonstrate the feasibility of the proposed method. The
combination of SQLIQ and JIT philosophy was the main
contribution of this paper including, while we proposed a
novel evaluation method of SCLIQ based on SPC and infor-
mation entropy method. The results not only provided a new
perspective for SCLIQ evaluation but also presented a feasi-
ble novel method for the scientific and objective evaluation
of SCLIQ.

Although some research results have been obtained in this
paper, there are still some shortcomings: (1) The proposed
method assumes that a supplier supplies only one material
and does not consider the coordinated distribution of materi-
als. (2) Time and quantity are considered as two important
parameters without considering the influence of other fac-
tors. (3) It is a common thing for enterprises to stop work
and wait for materials, but this paper does not consider the
impact of material delivery time on the production system.
(5) Although the objective evaluation results and the direc-
tion of improvement of SCLIQ are given, and the research
objectives of this paper can be realized, no specific methods
for improving SCLIQ are given. In addition, in the supplier-
centered supply chain, the minimum delivery quantity of the
supplier may often be more than the required quantity of
manufacturers in practice. SCLIQ, in this case, isn’t studied
in the paper.

There are several directions for our future research. First,
it may be an interesting direction to combine the infor-
mation quality of a single node with the information
quality of the supply chain logistics system to evaluate
SCLIQ. Second, we can consider modifying and improv-
ing the method by adding more influencing factors (such
as cost, logistics coordination, etc.). Third, how to com-
bine the evaluation results with the specific indicators of
information quality can determine the specific direction
of information quality improvement according to the eval-
uation results. Finally, we can study SCLIQ from other
perspectives.
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