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Abstract The objective of this study is to propose and operationalise a maturity
model assessment of SMART logistics for SMEs. Under the current substantial
changes in business practices, the concept of Industry 4.0 (14.0) has amplified
the complexity of the business eco-system, especially for SMEs. Several SMEs
have attempted to cultivate the benefits of the technological advancement under
the 14.0 concept; however, due to the increasing complexity of technological
capabilities and development of adequate strategies, a rising concern of
uncertainty hinders the adaptation of new management practices such as SMART
logistics. The current paper intends to contribute to fill the scientific ‘gap’ with the
question on how SMEs may assess their readiness in adapting the 14.0 and how
they could plan their activities and operations to heighten firms’ competitive
advantage through SMART logistics in the current business environment. Overall,
the authors have identified six dimensions and assigned 18 items for assessing
the maturity of 14.0 for SMEs. The model has been transformed into a practical
tool that can be used to test the readiness of firms in a real business environment.
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INTRODUCTION

With the growing attention of the so-called fourth industrial revolution (14.0),
modern companies are adding new intelligent technologies to create a network capable
system and to urge a smarter and efficient workflow throughout the supply chain.
Simultaneously, this has altered the way that a product is delivered from the production
factory to a customer based on an array of SMART devices which potentially offers a
cohesive and a highly visible logistics system. While the application of SMART devices
on logistics activities presents a promising value-added proposition for companies to
navigate through the complexity of supply chain, hurdles and bottlenecks may pose
potential challenges for companies, especially for small and medium-sized enterprises
(SMEs). Due to the nature of a competitive environment, SMEs are sensitive to the
economic, social and political environment; therefore, developing a stable relational
network would assist them to ensure business viability in their business eco-system
(Thakkar et al., 2009). Furthermore, one of the main obstacles which hinder SMEs to
integrate the concept of 14.0 in their business structure is the level of expected cost-
benefit and attitude towards changes (Tu, 2018; Tu et al., 2018). Thus, the
development of maturity model assessment is needed to evaluate the readiness of SMEs
in the adaptation of 14.0.

Inspired by Capability Maturity Model Integration (CMMI), a maturity model is a
structured collection of elements that describe the characteristics of an effective process
at different stages of development (Wendler, 2012). The concept of maturity model was
developed as a grid to not only measure software-related domains, but to analyse and
measure quality management of activities and tasks. According to Battista and Schiraldi
(2013), a maturity model highlights possible improvement through identification of
appropriate actions to be taken to increase the processes in the industrial companies
and allowing any user to easily and rapidly understand the more critical issues in terms
of process immaturity. Other than the software engineering, the CMMI model can be
found in supply chain performance (Estampe et al., 2013), fashion companies (Battista
and Schiraldi, 2013), logistics processes (Benmoussa et al., 2014) and defence supply
network (Bibby and Dehe, 2018).

In this paper, the authors attempt to develop a maturity assessment model to
systematically assess SMEs’ capabilities of integrating SMART logistics in relation to the
vision of 14.0. The contribution of the proposed maturity assessment model is twofold.
Scientifically, it is aimed to collect data regarding the current state of firms’ strategy
for I14.0 and to compare the key enablers of different countries. Practically, this paper
is aimed to assist companies to evaluate the maturity of its 14.0 strategies in the scales
of SMEs. The paper is structured as follows. In section 2, theory and methods of 14.0
in relation to SMEs are defined to state the foundation of this paper, which is followed
by section 3 where dimensions of SMART Logistics are identified based on existing
research. In section 4, the concept of readiness and maturity assessment models are
reviewed with an introduction to the proposed maturity assessment model. Finally, in
section 5, the authors conclude the usability of the model and limitations of the model
with suggested future research.

MATERIALS AND METHODS

SMART Logistics

With the growing attention to the technological advancement in logistics, this has
led to new innovative technologies such as SMART containers, SMART warehousing,
SMART ports, SMART shelves, and SMART manufacturing (Tu, 2018). As concerns
mount about the economic and environmental cost of logistics activities, SMART
logistics address the precision, reliability, and efficiency of logistics execution through
the improvement of information and capability of data utilisation. According to Weyer
et al. (2015), a strong network of automated technologies has allowed higher flexibility
of operations and interoperability in-between modules of the production line. With
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emerging technologies, traditional logistics activities which are human-operated are
gradually replaced through a decentralised and self-organised cyber-physical system
(CPS).

CPSs are identified as modular factory structures composed of smart devices that
are connected in an IoT network. The production line will be flexible and modular so
that even a small lot size can be produced under conditions of flexible mass production.
This will allow SMEs to capture the diversification of customer needs, which may be
considered as difficult for larger firms due to lack of economy-of-scale. With current
available technological resources, SMART logistics have allowed firms to prevent empty
runs on resources and attain higher efficiencies in real-time.

Industrial 4.0 and SMEs

The principle of the 14.0, is the implementation of the Internet of Things (IoT) and
smart manufacturing, work in process products, components and production machine
which collect and share data in real-time. This allows firms to shift from a centralised
production plant to decentralised intelligence. Since the published report of 14.0 in 2013
by the German National Academy of Science and Engineering, comprehensive research
and development have been quickly accelerated in both academia and industry
professionals (Stock and Seliger, 2016). The German government initiated the
computerisation of manufacturing industries in their 14.0 programme, while, in the
United States, the Smart Manufacturing Leadership Coalition (SMLC) programme was
promoted and other major manufacturing companies, such as in Japan, Korea and
China, have also established national agenda on SMART manufacturing, warehousing
and logistics programmes (Wang et al., 2015; Stock and Seliger, 2016).

Following an extensive search of the definition of SMEs, to the best of authors’
knowledge, a standard criterion for SME qualification does not exist. In accordance to
industrial and cultural variance of different countries, various types of indicators are
used to draw the line between multinational companies (MNC) and SMEs (OECD, 2017).
However, it is worth noting that SMEs account for approximately 99 percent of all firms,
which create 70 percent of jobs by, on average, generating 50 to 60 percent value
added products and services. With the nexus of 14.0 and SMEs, SME companies are
able to grow in a niche market segment and are able to gain competitive advantages
through the exploitation of available technologies and to capture commercial
opportunities in response to the growing diversification of customer needs (Chaopaisarn
and Woschank, 2019).

RESULTS

Literature review

Chaopaisarn and Woschank (2019) proposed a SMART supply chain management
implementation model with three distinct transitional phases, namely, local application
model (LAM), isolated-system application model (IAM) and SMART supply-chain
application model (SSAM). The aim of the model is to conceptualise the transitional
phases and requirement of enabling SMART supply-chain management (SSCM) for
SMEs. The model identifies key technological enablers for SMEs to elevate operational
and managerial practice to encapsulate possible benefits of the 14.0 (Figure 1).
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Figure 1. SMART Supply Chain Management Implementation Model.

According to Figure 1, a certain period of adaptation is needed for SMEs to advance
themselves to integrate 14.0 activities into their business eco-system to proliferate
overall supply chain performance. In the phases of the SSCM implementation model,
SMEs would require empowering a selective range of information technologies to
conduct operational decisions. Thus, it gives SMEs the abilities to access strategic
resources which would be considered as critical for their competitiveness and allow rapid
process and product innovations (Chaopaisarn and Woschank, 2019).

In the search of 14.0 dimensions, four assessment models that are widely used in
the industry are selected and examined, namely, IMPLUS model, Empowered and
Implementation strategy for Industry, Industry 4.0/Digital Operation Self-Assessment
and The Connected Enterprise Maturity Model (Schumacher et al., 2016). One of the
similarities among these models is the use of a maturity model as the main instrument
to conceptualise and measure the maturity of a process regarding to some specific
target state. However, most of these models have been used in the eco-design of
manufacturing or lean manufacturing. One of the most commonly used models, IMPULS,
has been widely accepted and served as the foundation of this research to formulate a
suitable assessment model for SMEs. There are two reasons why the IMPULS model is
selected. First, the model is well-grounded in its structure in explaining the usage of
technologies in the organisation under a transparent manner. Second, the model offers
a structured content in explaining the development process and assessment for detailed
comparisons (IMPULS, 2016). Furthermore, the maturity model proposed by
Schumacher et al. (2016) was adapted to further operationalise the model to allow it to
be transparent and easy to use in a real industrial environment. In order to facilitate
different analyses of 14.0 maturity phases, the proposed model includes a total of 18
maturity items which are grouped into six dimensions. Table 1 provides an overview of
the dimensions used in this paper with exemplary items to support the understanding
of the proposed groups. Each of the dimensions will undergo key enablers of the local
application model (LAM) examined hereunder.
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Table 1. Dimensions and Maturity Items of Industry 4.0 Maturity Model.

Dimension Exemplary items

Strategy The 14.0 road map and available resources for adaption in the business eco-
system

Customer Usage of digital customer data

Product Digitalisation and integration of product data in other systems

Operation Decentralisation of processes, modelling, and simulated collaborations

People Technological competence of employees and the openness of employees to new
technologies

Technology The usage of existing technologies and future utilisation of machine-to-machine

communications

Local application model

Through the advancement of information systems and technology, the concept of
supply chain and logistics has undergone a massive change and substantial investments
have been spent to seize new opportunities and competitive advantages (Wu et al.,
2016). According to Chaopaisarn and Woschank (2019), a certain period of adaptation
and level of usage is needed for SMEs to obtain desired results. Referring to future
research suggestions, as stated by Chaopaisarn and Woschank (2019), the main
objective of this paper is to identify holistic assessment of SMART logistics integration
in SMEs with operationalised indicators through maturity assessment theories. The
phase that the authors will solely focus on is the LAM stage of the implementation model.
The reason is twofold. First, the authors wish to operationalise the maturity assessment
model for SMEs to identify shortcomings of adapting to 14.0. Second, to the best of the
authors’ knowledge, this is one of the pioneer researches in assessing the adaptation of
SMEs to the concept of 14.0.

Three key enablers for LAM model are data sourcing and collection, then
transmitting them in real-time through IoT structure and then, finally, redesigning and
replacing the existing platform with new interphases to optimise the use of the collected
data (Wu et al., 2016). The objective of this model is to highlight the use of data in the
current phase of operational functions to IoT structural decision-based activities.
Selected examples of these IoT structural decision-based activities are electronic
product code (EPC), radio frequency identification (RFID) and Big Data. In order to use
these indicators to assess the readiness of the SMEs in the early phase of I14.0
adaptation, a maturity assessment model is adapted and implemented. According to
Table 2, a total of 18 measurement items are identified and are operationalised through
the maturity model examined in the following section.

Table 2. Measurement Indicators of LAM for SMEs.

Local Application Data Sourcing and

IoT Structure IoT Redesign and Replacement

Model (LAM) Collection

Y Strategy Collection of data for strategic Investment of IoT-enables  Integration/migration with the
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w

= Technology Evaluation of data collection Management of ICT devices . . .
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within the supply chain
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Maturity assessment model

A great deal of literature addresses various topics on the matter of maturity
models which are commonly used to conceptualise and measure the development stages
of computer software and quality management with the goal to capture the development
process of desired future states (Schumacher et al., 2016). According to Schumacher
et al. (2016), the difference between readiness and maturity assessment lies in the
starting-point of the assessment process. For example, readiness assessment takes
place before engaging in the maturity stage, while the maturity assessment captures
the as-is state of the maturing stage. The evaluation of the maturity level of each item
is conducted using standard Likert-scale reaching from 1 to 5, ranging from beginner to
top performer. The evolution path of each maturity level is where the initial level
describes the discipline process of the firm in learning new skills in information
technology. The following levels respond to the consistency and experiences gained
through the adaption phase of new information technology skills. The final two levels
illustrate the continuous improvement process of the firm to gain the status from expert
to top performer in the industry.

Optimising
Continuously Improving [Level 5]
Process
Top Performer
Managed
Predictable [Level 4]
Process
Expert
Defined
Standard Consistent [Level 3]
Process
Experienced
Repeatable
Disciplined [Level 2]
Process
Initial
[Level 1]
Beginner

Figure 2. Capability Maturity Model of Industrial 4.0 for SMEs (CMMI-SMEs).

The proposed CMMI-SMEs model consists of five maturity levels, which are initial,
repeatable, defined, managed and optimising. The maturity continuums are defined
hereunder.

Initial: the starting point for the use of a new or undocumented process which
might initially cause chaotic or unstable environment for the process. A highly
anticipated learning curve is required to stabilise the process to capture the key benefits.

Repeatable: The processes are repeatable with possible constant results. This is
unlikely to be rigorous whereby it may help to ensure that existing processes are
maintained during the time of stress.

Defined: A set of defined and documented standard processes are established
and subject to some degree of improvement over time. The processes may not have
been systematically or repeatedly used but may become more competent or prove to
be validated in a range of situations. This could consider a development stage with use
in a wider range of conditions and user competence development of the process in the
next level of maturity.

Managed: The use of processing metrics to quantitatively manage the process
objectives through a range of operational conditions. The suitability of the improved
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process has been rigours tested in multiple environments and has been fully refined and
adapted.

Optimising: The final level of the maturity model which focuses on the continuous
improvement process through incremental and innovative technological changes and
improvements.

It is important to stress that each individual level is a reflection of the respondent’s
perspectives in the understanding of the concept of 14.0; therefore, an initial 14.0
knowledge session is suggested to gain a general understanding of the concept and to
gain a representable insight and accuracy of the proposed capability maturity model.

DISCUSSION AND CONCLUSIONS

The research work presented here aimed for the development of a maturity model
for assessing the 14.0 maturity of SMEs in development towards SMART Logistics. In
contrast to other maturity model approaches, e.g. the frequently used CMMI (Wendler,
2012) the proposed CCMI-SMEs features the inclusion of SME- related perspectives
aimed to gain a more comprehensive result.

However, the model is still at its development phase and more rigorous testing is
required to provide a solid point of reference for further strategic measures. The
implementation stage of the model would be focused on collection of questionnaire data
from the industry. Based on the definition of SMEs by the Thai Ministry of Commerce,
the questionnaires will be distributed based on the registered capital, nhumber of
employees and type of business (OECD, 2017). An equal distribution of data will be
attempted to increase the generalisability of the model. From an academic standpoint,
the conceptual model for assessing the maturity levels of the SMEs allows the
researchers to collect data on firms across different industries and to identify additional
success factors for effective implementation of 14.0 strategies (Dallasega et al., 2020).

Future research activities will mainly aim at identification of firms’ target state of
data usage in the adaptation of SMART logistics and to examine distinctive patterns of
SME operations to integrate the CCMI-SMEs into the decision-making process in a user-
friendly way.
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