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Abstract: SMEs represent a significant share of business companies in Europe. Their limitations
might be overcome by using value chains, resulting in successful development and growth also
within traditionally low-digitalized, natural fiber-based domains. Reaching a sustainable competitive
advantage for natural fiber-based value chains is possible by boosting the digitalization of the included
SMEs. The digitalization level can be improved by properly addressing the detected digitalization
issues and challenges. This paper aims at proposing a novel comprehensive approach for assessing
the digitalization level of natural fiber-based value chains and the respective SMEs. Using the
proposed dimensions, indicators, and corresponding measurement instruments, the digitalization
level of a particular SME, as well as of the entire value chain of SMEs can be assessed. The paper
additionally depicts a practical demonstration for applying the proposed approach within two case
studies. The proposed approach favors low-digitalized SMEs to enter and benefit from the digitalized
value chains, as well as provides the benefits and facilitates the growth and sustainability of the
existing natural fiber-based value chains.

Keywords: digitalization; digitalization index; SME; small and medium-sized enterprises; value
chain; natural fiber; sustainability; Industry 4.0

1. Introduction

The revolution we are witnessing through the digitalization of manufacturing is known as
Industry 4.0 [1,2]. Due to extensive ICT usage, a significant transformation of the production process is
being facilitated. The growing influence of Industry 4.0 is observed in SMEs (Small and Medium-Sized
Enterprises) [3], as well as within the natural fiber domains (e.g., wood [4]). In the EU, ninety-nine
percent of all businesses are SMEs, and they employ a total of two out of three employees [5].
Furthermore, micro-companies (i.e., companies with less than ten employees) constitute nine out
of ten SMEs [5]. SMEs are technologically diverse. On the one hand, there are high-tech industries that
manufacture computer, electronic, and optical products, while on the other hand, there are low-tech
industries covering a variety of natural fiber sectors, such as manufacturers of wood, textiles, paper,
leather, etc. [5].

Understanding digitalization’s role, as well as the current resources and capabilities of SMEs
is playing a crucial role in achieving competitive advantages [6]. Reaching a sustainable competitive
advantage for SMEs, especially for micro-sized and low-tech companies, is foreseeable when operating
within value chains. Their focus is on value creation, value activities, and linkage identification and
managing in order to provide collaboration along the value chain through coordination, trust building,
and relationships [7]. Unlike conventional linear value chains, circular value chains ensure social and
environmental benefits, as well as sustainability, in addition to organizational benefits [8]. A sustainable
value chain consists of product development and the supply chain through all lifecycle stages, from the
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concept and raw material, across production and distribution, towards end customers, closing the cycle
when the product goes into biological or technical waste, representing an input into a new recycling
value chain [8,9]. Among the most important barriers that enterprises face when moving towards a
circular economy is the lack of an incorporated digital technology [10]. The benefits of digitalization
for SMEs are foreseen in the development of new processes, products, and business models, whilst
taking into account the SMEs’ limited resources for research, development, investments, and personnel
skills [11]. Thus, being aware of the current state of a company’s digitalization level is essential in
order to adequately address existing obstacles and move towards sustainable development.

Several indexes, models, and scores are available to measure the digitalization level [12-19].
They consist of dimensions and corresponding indicators, which aim at measuring different aspects
of the digitalization, also focusing on SMEs. Consequently, measurements performed from the
SMEs’ perspective possibly contribute to a country’s global index score. Nevertheless, there is a
lack of adjusted indicators that would adequately assess the digitalization level of SMEs within the
natural fiber domain. It is necessary to adjust, combine, derive, and revise existing indicators in
order to obtain comprehensive information about the digitalization level of SMEs within the natural
fiber domain. Initial studies [20,21] indicated a low digitalization level of SMEs within this domain.
Therefore, special attention needs to be paid to the adjustments and selection of indicators that would
appropriately address issues and reflect the actual current situation. In order to address the existing
research gap, we formed the following research questions:

RQ1 Is there a standardized set of dimensions and indicators used for measuring the digitalization
level of SMEs?

RQ2 Which indicators are adequate and relevant for measuring the digitalization level of SMEs and
the value chains of SMEs within the natural fiber-based domain?

RQ3 How can the digitalization level of SMEs and the value chains of SMEs be assessed within the
natural fiber-based domain?

The following research methodology is employed in order to answer the research questions: (1) a
review of the scientific and professional literature, (2) the analysis of identified dimensions and existing
indexes, (3) the selection of indicators relevant to the natural fiber-based domain, (4) the proposal of a
final set of adjusted and newly added indicators and corresponding measurement instruments, (5) the
specification of the steps for assessing the digitalization level of natural fiber-based value chains and
the respective SMEs, and (6) the analysis of selected case studies.

The main contribution of this paper is that it provides a novel comprehensive approach for
assessing the digitalization level of natural fiber-based value chains and the respective SMEs.

It will be reached through partial contributions: (1) analyzing the state-of-the-art of existing
mechanisms used for measuring the digitalization level of SMEs; (2) providing a set of indicators
for SMEs and the value chains of SMEs within the natural fiber domain, based on the adjustments,
combinations, derivations, and revisions of existing indicators; (3) proposing steps for assessing the
digitalization level of specific natural fiber-based SMEs, as well as the corresponding value chain.
Describing and analyzing the case studies demonstrate the assessment procedure.

Consequently, value chains and SMEs using the proposed approach will receive the necessary
information and knowledge on how to digitalize their business, as well as to optimize their operations
quickly and efficiently by knowing which segments require additional attention. On the one hand,
this approach facilitates low-digitalized SMEs to enter and benefit from the digitalized value chains,
pursuing technological advancements and digital transformations. On the other hand, the proposed
approach will provide benefits for the existing natural fiber-based value chains, facilitating a circular
economy, resulting in sustainable SMEs and the corresponding value chains.

The rest of the paper is organized as follows. Section 2 provides the theoretical background on
the natural fiber-based value chains, the indexes used for measuring digitalization, as well as the
analyzed related work on measuring digitalization. Section 3 deals with our proposal for measuring the
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digitalization level of natural fiber-based SMEs. The practical demonstration of the proposed approach
is depicted in Section 4, wherein Section 4.1 presents a case study measuring the digitalization level of
an individual SME, while Section 4.2 offers to a case study measuring the digitalization level of a value
chain of SMEs. The discussion Section 5 brings the elaboration of the obtained results with regard to
the research questions. Finally, the conclusions and future work are presented in Section 6.

2. Theoretical Background

2.1. Natural Fiber-Based Value Chains of SMEs

The concept of a value chain was first introduced by Porter in 1985 [22]. A value chain consists of
various activities performed to transform raw material into a final product or service, which is to be
delivered to customers [23,24]. Value chains are important for the development and successful growth
of SMEs in several natural fiber-based domains, such as textile, wood, and agriculture with more
traditional fibers (e.g., maize, apples) or more trendy ones (e.g., hemp and algae). We detected [25] two
types of value chains, the first starting with the cultivation of a plant up to the manifold products (see
Figure 1) and the second starting with the recycled biological waste (see Figure 2). Digitalization enables
advancements in all segments of the value chains. For instance, wood value chains can benefit from
the optimization of wood harvesting and extraction processes, support for the transport and logistics,
management of the quality control process, etc. [4].

Apply wood

Round logs = Atives Application
L J H
Logs timber, Sawmills, processing of wood material, recycled Eco-construction, wooden
biomass, etc. wood, plywood, chipboards, solid wood panels, furniture, doors, window
hardwood flooring. frames, (laminated) wooden
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houses, prefabricated, modular

and low-energy houses.

Figure 1. An example of a natural fiber-based value chain starting with the cultivation [25].

Figure 1 presents the eco-construction value chain that covers seven segments from wood
harvesting and round log handling (wood processing) to surface finishing, advance wood composite
manufacturing, as well as semi- and end-products (e.g., houses, furniture, construction elements).

Figure 2 depicts a recycling value chain of algae production from waste water received as a
by-product of food production (e.g., fruit residue) or water from cooking vegetables. Users of algae and
algae raw materials (lipids, proteins, pigments) include the food processing industry, juice producers,
salt pans (include spirulina in their products), as well as dairy, pet, and livestock products.
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Figure 2. An example of a natural fiber-based value chain starting with the recycled biological waste [25].
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Since forests cover 43% of the EU’s land area, the manufacturing of wood products has been
growing continuously in the EU for the last decade [26]. In 2020, wood-based industries covered 20%
of the total EU manufacturing sector and 10% of the total workforce in manufacturing and generated
an annual turnover of 3% of the EU’s GDP [27].

2.2. Indexes Measuring Digitalization

Digitalization represents the use and integration of digital technologies within an organization
in order to upgrade the business processes, reorganize work within the company, and consequently,
change the organization’s business model [28,29]. In general, the digitalization level of a country is
measured by several available indexes and scores that will be presented further on.

The Digital Economy and Society Index (DESI) [12] was developed by the European Commission
to measure each country’s digital competitiveness through a predefined set of indicators. It monitors
the digital performance and tracks the digital competitiveness of countries [30]. It is calculated as the
weighted average of its dimensions: connectivity, human capital, use of Internet services, integration of
digital technology, and digital public services [30]. Additionally, the European Commission launched
the Digital Transformation Monitor (DTM) [31] with the aim of monitoring the digital transformation
of existing industries and businesses [21]. Within the project, the Digital Transformation Scoreboard
(DTS) [13] data analysis was introduced, consisting of seven dimensions divided into two categories
called enablers and outputs. The enablers are the digital infrastructure, investments, and access
to finance, supply, and demand of digital skills, e-leadership, and entrepreneurial culture and are
measured by the Digital Transformation Enablers” Index (DTEI) [21]. On the other hand, the outputs
are the integration of digital technology and changes in the ICT start-up environment, which are
measured by the Digital Technology Integration Index (DTII) and the ICT Start-up Evolution Index,
respectively [21]. The DTS and DESI are closely related; moreover, an overlap can be detected between
their common dimension of the integration of digital technology [13,21].

A regional extension of the European Innovation Scoreboard (EIS) [14] is called the Regional
Innovation Scoreboard (RIS) [15]. It is used for a comparative analysis of the innovation performance
of European regions, using 18 out of the 27 indicators used within the EIS, which comprises
ten dimensions: human resources, attractive research systems, innovation-friendly environment,
finance and support, firm investments, innovators, linkages, intellectual assets, employment impacts,
and sales impacts. Detailed information on the indicators used within EIS and RIS and the differences
between them is available in the Report on Regional Innovation Scoreboard 2019 [32].

Going Digital [33] is a project established by the OECD (Organization for Economic Co-operation
and Development) that provides the Going Digital Toolkit, a visual interface that assists countries in
evaluating the state of their digital development. It formulates policies, strategies, and approaches in
response to a specific assessment of a country. The main advantage of the toolkit is an adequate data
visualization and exploration. The indicators used within the tool are grouped into seven dimensions:
access, use, innovation, jobs, society, trust, and market openness, which together support growth and
improve well-being [16].

In addition to the above-mentioned indexes, some countries developed custom mechanisms
to measure the success of their digitalization efforts (e.g., the DIGITALEconomy Index in Germany,
the Digital Intensity Index in Slovenia, and the Digital Maturity Index in Italy). The DIGITAL Economy
Index [34], published by the Federal Ministry for Economic Affairs and Energy, is used to assess the
degree of digitalization within the German economy. The index focuses on three themes: the usage of
digital devices and infrastructures, the digital development of enterprises, and the business success
through digitalization. The Digital Intensity Index [35] consists of 12 specific indicators, which monitor
the use of ICT in enterprises with at least ten employees. The data are gathered for a given year
by the Statistical Office of the Republic of Slovenia. The Digital Maturity Index [36], published by
the scientific-technological university Politecnico di Milano, provides SMEs with an assessment of
their digital maturity by analyzing their business processes in design and engineering, maintenance,
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human resources, production, supply chain, quality, logistics, marketing, sales, and customer service,
as well as monitoring and control.

2.3. Related Work on Measuring Digitalization

Rauch et al. [3] developed an assessment model and tool to facilitate the adoption of
Industry 4.0 concepts in manufacturing SMEs. The work includes a catalog of four dimensions,
including 42 concepts, whereby one dimension deals with technology. Kilimis et al. [37] conducted
a survey on German SMEs regarding the implementation of digitalization technologies in order to
identify potential benefits and barriers that appear throughout the process. Dossou [38] proposed
a framework that includes building a reference model that can help accelerate the integration of
Industry 4.0 concepts in metallurgic SMEs. Hamidi et al. [39] adopted the Industry 4.0-readiness
maturity model (Impuls) and used it to assess Malaysian SMEs’ readiness towards digital
transformation. Lucato et al. [40] proposed a model to measure the readiness of industries for the
implementation of Industry 4.0 concepts. Nevertheless, the above-mentioned studies cover advanced
technological concepts typical for Industry 4.0 that are rather applicable for highly digitalized domains
than the natural fiber-based domains.

Given that the structure of any value chain is defined strongly by the underlying business
models of participating SMEs, it is necessary to assess the impact of digitalization on the business
models [41]. These aspects were addressed by Nwaiwu et al. [42] and Muller et al. [43]. The first study
proposed a qualitative and quantitative approach that can be used to identify enabling factors for the
implementation of Industry 4.0 for a process management model in manufacturing SMEs. The latter
studied the SMEs’ awareness of Industry 4.0 concepts, as well as how those concepts influence the
innovation of SMEs’ business models.

Englédnder et al. [44] developed an approach connecting the business model with the Industry 4.0
Maturity Index. Georgieva et al. [45] analyzed the current degree of digitalization of Bulgarian forest
sector enterprises using selected Eurostat indicators.

Several indexes and models are proposed in the scientific and professional literature.
Bogovac et al. [17] proposed a digitalization index called IDSMEthat aims at examining the current
situation of SMEs’ digitalization. IDSME includes four dimensions: connection to the Internet,
digital skills, integration of digital technologies, and Internet usage. Pham [18] proposed a model
for measuring the ICT maturity of SMEs. It consists of four factors: ICT infrastructure, ICT application,
human resource, and ICT policy. Ramantoko et al. [19] developed a digital capability model for
SME:s in order to investigate the digital transformation maturity of SMEs. The model consists of nine
dimensions: organization or company presence, store presence, support, knowledge management
and decision making, marketing and sales, customer relationship, internal communication,
ecosystem management, and digital revenue. The above approaches were developed for measuring the
digitalization level of SMEs. However, certain refinements are needed in order to apply them directly
to low-digitalized SMEs such as those within the natural fiber domain.

3. Measuring the Digitalization Level of Natural Fiber-Based SMEs

There are plenty of indicators used for assessing several dimensions of digital maturity, such as
DESI measuring digital competitiveness, EIS evaluating innovation performance, DTM monitoring the
level of digital transformation, etc. In addition to many general indicators, more focused indicators
addressing SMEs are available. Nevertheless, when applying existing indicators to low-digitalized
business domains, many challenges arise. For example, during the assessment of the digital maturity
of natural fiber-based SMEs, only a few indicators might be directly applied, while several indicators
must be adjusted to the needs of a specific domain. Additionally, new indicators should also be
introduced in order to perform a comprehensive assessment of digital maturity.

In order to provide an exhaustive list of indicators for SMEs operating within the natural
fiber-based domain, we performed a review of existing indexes in Europe, such as DESI [12],
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DTS [13], RIS [15], and OECD Going Digital [16], as well as indexes proposed within the scientific and
professional literature [17-19]. Table 1 presents an intersection matrix between the detected dimensions
within existing indexes for measuring the digitalization level. Please note that the dimensions with
similar names and scopes proposed by different sources were considered as one. Only indexes with
clearly specified dimensions (indicators excluded) were analyzed, i.e., the DESI, DTS, RIS, and OECD
Going Digital indexes, which were supplemented with indexes proposed in the literature [17-19]).

Table 1. The intersection between the dimensions and existing indexes for measuring the digitalization
level of SMEs. DESI, Digital Economy and Society Index; DTS, Digital Transformation Scoreboard; RIS,
Regional Innovation Scoreboard.

DESI DTS RIS OECD IDSME Pham  Ramantoko
[12] [21]  [32] [16] [171 [18] [191

Attractive research systems v

Dimension

Connectivity v v v

Customer relationship v

Digital infrastructure v v

Digital public services v

Digital revenue v

\

Ecosystem management

e-leadership/internal communication v v

Employment impacts v

Entrepreneurial culture/company v v

Finance and support v

Growth and well-being v

Human capital/digital skills v v v v
ICT policy v
ICT start-ups v

Innovators

Integration of digital technology/e-commerce v v

Intellectual assets

SNIENENIEN
\
<\

Investments and access to finance/R&D v

Knowledge development and decision-making v

Linkages v

Market openness v

Society v

Store presence v

Supply and demand of digital skills v v

Support v
Trust v

Use of Internet services/online activity v v v v

The performed analysis indicates significant variations in the understanding of certain dimensions
in different indexes. There is no unified set of dimensions and indicators for SMEs in the natural
fiber-based domain. Some indexes focus more on measuring the digitalization level of entire countries
or regions, while others pay more attention to specifying indicators and dimensions more relevant for
individual SMEs. Furthermore, different interpretations of dimensions between indexes can lead to
possibly different categorizations of indicators and, consequently, to large variations in the intersection
matrix. For instance, the existence of electronic information sharing through specialized software
(e.g., ERP) is included as an indicator within the digital infrastructure dimension in the DTS index,
whereas the same is measured within the integration of digital technology dimension in the DESI
index or the ICT application dimension in the index proposed by Pham et al. To circumvent these
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variations in the categorization of indicators by different authors, we decided to study the intersection
between different indexes on the level of dimensions by only analyzing their overlaps at the general
level (naming variations included) without taking into account the included indicators.

Since the results of our analysis showed little intersection in dimensions between existing
indicators, we extracted individual indicators appropriate for measuring the digitalization of SMEs,
forming a base of all available knowledge on measuring the digitalization level. Some of these
indicators were already proposed by existing indexes, while others that could be applied to SMEs were
accordingly adapted. Finally, we selected only those indicators suitable for the natural fiber-based
value chains. The indicators can be adapted and used to gain a detailed insight into the level of
digitalization of SMEs in these value chains. Our proposal includes 54 indicators categorized into
eight dimensions: (1) connectivity, (2) online presence, (3) online activity, (4) ICT infrastructure, (5) ICT
policy, (6) ICT usage, (7) human resources, and (8) R&D infrastructure. When relevant, the dimensions
are broken down into further sub-dimensions.

The first dimension, connectivity, foresees Internet usage for SMEs’ business activities.
Natural fiber-based SMEs are not commonly situated in urban areas, where the Internet coverage and
connectivity are unquestionable. Therefore, it is important to be able to assess their connectivity quality,
which is a fundamental part in the natural fiber-based SMEs’ digital transformation, as well as the
following two dimensions: online presence and online activities. The online presence dimension covers
SMEs’ presence on the Internet in the form of a functional website, social media, and e-marketing
activities, as well as all the activities related to online trading. On the other hand, the online activity
dimension covers SMEs’ core business and administrative activities, such as e-banking, e-government,
and interactions with suppliers. Those two dimensions are particularly important for SMEs in order to
develop and increase the market and solicit new customers.

ICT infrastructure is the fourth dimension where the usage of the fundamental ICT elements
is assessed, as well as the usage of advanced technologies such as Big Data and cloud services.
Additionally, a peculiarity of a majority of natural fiber-based SMEs is the existence of a production
line. Therefore, the assessment of the usage of production technologies is crucial, since they essentially
benefit from the digital transformation of the SMEs. Currently, awareness of security issues and data
protection is on the rise regardless of the company’s size. Therefore, the context of the ICT policy
dimension is important for the long-term strategic development of SMEs. Closely related to this
dimension is ICT usage, which represents one of the important foundations within the process of
digitalization. The dimension measures the share of employees using computer or mobile devices,
the Internet, applications, and communication tools.

The seventh dimension focuses on human resources, whereby special emphasis is placed
on continuous investment into employees” knowledge and digital skills. Reaching a satisfactory
level of digitalization without STEM and ICT educated employees is very challenging. Therefore,
the assessment of those aspects within SMEs is important. Companies not investing in knowledge
and technological development will have difficulties remaining competitive, to cooperate within
the specific value chain, which consequently leads to their unsustainability. According to the R&D
intensity score [5], many SMEs within the natural fiber domain (e.g., furniture, paper, wood) scored
low. The well-developed R&D infrastructure is naturally reserved for SMEs with sufficient human
and financial resources. Nevertheless, the measurements in this dimension are important in order to
efficiently address existing issues by knowing what requires attention. SMEs with well-established
R&D departments might impact and elevate the entire value chain, facilitating the processes along the
production line and supply chain.

The obtained list of proposed dimensions and indicators is presented in Table 2. It represents a
comprehensive overview of all relevant facets when it comes to measuring the level of digitalization
in SMEs in the natural fiber-based value chains. In order to assess the digitalization level of SMEs,
we developed a measurement instrument for each indicator, which consists of the measurement
question and its corresponding scale. The measurement instruments are presented in Appendix A.
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Table 2. Proposed dimensions, sub-dimensions, and corresponding indicators.
Dimension Indicator Source
1.1.1  Phone line connection [17]
. . 1.1.2  Fixed BB/NGAconnection [12,13,17,46]
1 Connectivit 1.1 Fixed-line broadband 1.1.3  Fast BB connection [12,13,16,17]
y 1.1.4  Ultra-fast BB connection [12,13]
. 1.2.1 4G connection [12,17]
1.2 Mobile broadband 1.2.2  5G connection [12,17]
2.0.1 Proprietary website [17-19,46]
2.0.2  E-marketing activity [17,19]
2.0.3  Social media presence [12,13,17,18,46]
2 Online presence 2.1.1  Online sales [13,16-19,46]
p 2.1.2  E-commerce turnover [12,13,17,46]
21 E-commerce 2.1.3 Cross-border e-commerce [12,13,16,17]
' 214 Digital/electronic catalog [19]
2.1.5  Online communication with customers [19]
2.1.6  Customer engagement in product customization (self-developed indicator)
3.0.1 B2B e-business activity [17]
. .. 3.02  B2G e-business activity [17]
3 Online activity 303  e-banking [12,17,46]
3.04  Online purchases [12,16-18,46]
4.0.1 Intranet [17,19]
4.0.2  Electronic records [17]
4.0.3 Automatically generated invoices [13,46]
4.04  Electronic information sharing [12,46]
411 Big Data [12,16,46]
41CT infrastructure 4.1.2 Cloud services [12,13,16,17,46]
4.1 Advanced technologies 413 Integrated or specialized systems or tools [13,18,19,46]
414 Business intelligence or knowledge base [18]
415 Decision support tool [17]
42.1 Robots and 3D printing [16,46]
4.2 Production technologies 422 Automation [17,46]
' & 423  Product identification throughout the supply chain (unique, automated) [13,17,46]
424 Digital supply chain management and supplier relationships [46]
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Table 2. Cont.
Dimension Indicator Source

5.0.1  Security policy [16,18,46]
5.0.2  Data protection policy [16,18]

5ICT policy 5.0.3  Regulatory quality [18]
5.04  Assessment effectiveness [18]
5.0.5 Software or hardware upgrades [18]
6.0.1 Computer or mobile device use [13,18,46]
6.0.2 Internet use [12,16-18,46]

6 ICT usage 6.0.3 E-mail or IM use [17,18,46]
6.04 Standard application or office software usage [17,18]
6.0.5  Video calls or conferences [12,17,18,46]
7.01 ICT department [12,15-18,31,46]
7.0.2  Employment of STEM graduates [17]
7.0.3  Employment of business specialists [18]

7 Human resources 7.04 Telework [16,17]
7.1.1  ICT training [18,46]

7.1 Employee skills  7.1.2  Self-learning [18,46]

713  Expertise reuse [18,46]
8.0.1 R&D department [16]
8.0.2 ICT investment in R&D [13,15,18,19]

8 R&D infrastructure 8.0.3  Patents or trademarks [15,16,18]
8.04 In-house innovation capacity [13,15,18]

[1

8.0.5

Innovative collaboration

5]
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4. Case Studies

The assessment of the digitalization level of a particular SME or value chain is achieved following
several steps: (1) prepare the SME and the domain contextualization; (2) select adequate dimensions
considering monitored digitalization aspects; (3) within the selected dimensions, extract those
indicators that determine the scope addressed; and (4) design a questionnaire comprised of collected
measurement instruments.

To demonstrate this process, two case studies are provided in the following subsections. The first
one, presented in Section 4.1, demonstrates how to use the proposed approach in order to measure the
digital maturity level of SMEs operating within the natural fiber-based domain (specifically, the wood
domain). Section 4.2 captures the second case study describing the procedure of using the proposed
approach when measuring the digital maturity level of the natural fiber-based value chain of SMEs.

The analysis is based on the data collected through the survey and companies’ websites.
The identities of the companies remain undisclosed and, therefore, are presented descriptively
according to their business activity.

4.1. CS1: Measuring the Digital Level of Wood SMEs

A wood carpentry SME decided to assess their digital level using the proposed approach
(see Figure 3). The first step (1 Background) envisages a contextualization that focuses on the
characteristics of SMEs, their business domain, as well as the characteristics of the region in which the
SME operates. This involves answering questions such as: How many employees does the company
have? In which business domain does the company operate? Which business activities does the
company perform? How many inhabitants does the region have? What are the region’s transportation
characteristics?

The next step (2 Dimensions) provides the selection of the digital dimensions that the company
will address while measuring its digitalization level. The example presented in Figure 3 shows that the
wood carpentry SME decided to address the first, second, and seventh dimension, since it is in their
interest to increase market share by improving their online presence.

The third step (3 Indicators) includes selecting the dimensions’ indicators that are appropriate
and relevant considering the prepared contextualization and the pursued goal of the SME. The
following step (4 Questionnaire) consists of creating a questionnaire that includes existing measurement
instruments. The prepared and filled out questionnaire is presented in Figure 3. Based on the selected
indicators, the questionnaire consists of 16 questions, which reveal the digitalization aspects that
require the SME’s attention. Addressing those aspects will facilitate the optimization of business
processes and reaching the digital transformation objectives. As observed in Figure 3, the SME has a
dearth of online sales (Indicator 2.1.2), which is important for reaching their goal to increase market
share by using their online presence. This objective is directly related to the fixed-line broadband
dimension (Indicators 1.1.1-1.1.4), as well as the human resources dimension (especially Indicator
7.0.2). Therefore, it needs better connectivity to the Internet and more ICT specialists employed in
order to successfully implement online sales. Nevertheless, this process is highly anticipated since
already 60% of all communication with customers is done online (Indicator 2.1.5).

4.2. CS2: Measuring the Digitalization Level of the Wood Value Chain of SMEs

SME:s in the eco-construction value chain (see Figure 1) perceived the need for the assessment of
the entire value chain digitalization level (see Figure 4). By following the proposed approach, the first
step (1 Background) resulted in preparing a contextual background of the selected value chain and
corresponding SMEs. This involves answering questions such as: What are the sizes (in terms of the
number of employees) of SMEs? Which domain does the value chain cover? Which business activities
do SMEs within the value chain perform? Which region and municipalities are covered by the value
chain? What are the region’s transportation characteristics?
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BACKGROUND 2 DIMENSIONS 3 INDICATORS

¥4 1 CONNECTIVITY ¥ 1.1.1 Phone line connection ¥4 2.1.3 Cross-border e-commerce
4 2 ONLINE PRESENCE ¥4 1.1.2 Fixed BB / NGA connection ¥4 2.1.4 Digital/electronic catalogue
3 ONLINE ACTIVITY 4 1.1.3 Fast BB connection % 2.1.5 Online communication with customers
4 ICT INFRASTRUCTURE % 1.1.4 Ultra fast BB connection 4 2.1.6 Customer engagement in product customization
5ICT POLICY 4G connection ¥4 7.0.11CT department
6 ICT USAGE 5G connection Employment of STEM graduates
4 7 HUMAN RESOURCES Proprietary website 7.0.3 Employment of business specialists
8 R&D INFRASTRUCTURE E-marketing activity Telework
Social media presence ICT training
Online sales .1.2 Self-learning
.2 E-commerce turnover 1.3 Expertise reuse

mployees
> own production production unit) and sales
(shop)
Municipality
approx. 5000 inhabitants
> difficult to access (no motorways) and poorly
ted with state capital
bord
less developed region

4 QUESTIONNAIRE

What percentage of the company’s communication with customers is
done online?

Does the company use digital tools for customer engagement in product
customization or design?

How often does the company de opportunity to improve its
employees’ skills through online self-learning? very arn not supported

Figure 3. Case-study: digitalization assessment of a wood carpentry SME.

In the second step (2 Dimensions), selecting the proposed digital dimensions that the value chain
will address when measuring the digitalization level is provided. The example presented in Figure 4
depicts the dimensions (the first, the fourth, and the sixth) that will be assessed by the SMEs involved
in this value chain, since they perceived a shortage in digital communication and digital business
processes between members of the value chain. The following step (3 Indicators) includes selecting
the indicators that are relevant considering the prepared contextualization and the pursued goal
of the value chain. Finally, in the fourth step (4 Questionnaire), a questionnaire with the proposed
measurement instruments is created.

Figure 4 illustrates a subset of responses to three questions obtained from five SMEs. The full
questionnaire consists of 11 questions that are answered by all SMEs pertaining to the eco-construction
value chain (21 SMEs in total). Significant differences in responses can be observed. For example,
SME, uses email and Instant Messaging (IM) on an everyday basis (Indicator 6.0.3), while SME3 has
no mobile Internet access at all. First, it is fundamental to evaluate fixed-line broadband connections
(Indicators 1.1.1-1.1.4). However, since the majority of SMEs are located in remote areas with less
developed infrastructure, mobile Internet access (Indicators 1.2.1-1.2.2) might play an important role.
Therefore, it is important to measure those indicators. In order to achieve digital communications and
digital business process improvements at the level of the entire value chain, it is required to enhance
the digitalization level of individual SMEs within the given value chain. The proposed approach leads
to the detection of digitalization challenges and issues.
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1 BACKGROUND 2 DIMENSIONS 3 INDICATORS
Value chain
eco-construction domain
7 fully functional segments

"4 1 CONNECTIVITY 4 1.1.1 Phone line connection 4.1 Advanced technologies
2 ONLINE PRESENCE 4 1.1.2 Fixed BB / NGA connection 4.2 Production technologies
3 ONLINE ACTIVITY 4 1.1.3 Fast BB connection Y4 6.0.1 Computer or mobile device use
% 4 ICT INFRASTRUCTURE 4 1.1.4 Ultra fast BB connection "4 6.0.2 Internet use
5ICT POLICY ¥ 1.2.1 4G connection ¥4 6.0.3 E-mail or IM use
4 6 ICT USAGE 4 1.2.25G connection 4 6.0.4 Standard application or office software usage}
7 HUMAN RESOURCES 4 4.0.1 Intranet 4 6.0.5 Video calls or conferences
8 R&D INFRASTRUCTURE 4 4.0.2 Electronic records
¥4 4.0.3 Automatically generated invoices
¥4 4.0.4 Electronic information sharing

4 QUESTIONNAIRE

o you have in the company?
s do you have in the compat
ss do you have in the company?
s do you have in the company?
s do you have in the company?
Does the company automa generate invoices?
Does the company automal

Does the company automal roic Y

e
Does the company automal generate i % Yes - No
Does the company auton y es? VREEN S

s - 4 No
How often do employees u v

Figure 4. Case-study: digitalization assessment of the wood value chain of SMEs.
5. Discussion

In order to answer RQ1, we performed a comprehensive review of existing scientific and
professional literature related to measuring the digitalization level of SMEs. We analyzed the available
indexes, corresponding dimensions, and indicators. The analysis revealed significant variations in the
understanding of the dimensions within available indexes. Therefore, we concluded that there is no
standardized set of dimensions and indicators that can be used for measuring the digitalization level
of SMEs.

Furthermore, there is no unified set of dimensions and indicators for SMEs in the natural
fiber-based domain. In order to answer RQ2, we extracted the indicators from the available indexes
and combined them into meaningful dimensions. Table 2 presents the provided set of indicators,
obtained through adjustments, combinations, derivations, and revisions of existing indicators that are
presented within the established indexes, as well as within the literature on assessing the digitalization
level of SMEs. The proposed set of indicators is combined into eight dimensions, as well as grouped
within sub-dimensions where appropriate. For each indicator, a measurement instrument is formed
consisting of a question and a corresponding scale. While basic digitalization aspects (e.g., connectivity,
using email, employee skills, etc.) are assessed using a frequency scale, only the existence of more
advanced facets is assessed (e.g., Big Data, decision support tool, 3D printing, etc.). The complete list
of measurement instruments is available in Appendix A.

We tackled RQ3 by proposing several steps (Section 4) that constitute a comprehensive approach
for assessing the digitalization level of a particular SME or value chain. The approach is demonstrated
by case studies presented in Sections 4.1 and 4.2. The suitability of the proposed approach for measuring
the digitalization level of an individual SME is presented with Case Study 1 (CS1) (Section 4.1).
According to the selected digitalization aspects, the appropriate dimensions and corresponding
indicators were combined into a questionnaire. Since the usage of a complete list of indicators cannot
be foreseen, the questionnaires can be adapted according to the needs of a particular SME. Therefore,
this results in a manageable questionnaire that is not time consuming. The case study CS2 (Section 4.2)
demonstrates the use of the approach for measuring the digitalization level of a natural fiber-based
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value chain. Following the proposed steps, the questionnaire is designed according to the existing
goals of the value chain. In order to obtain the valuable content, all value chain segments should
be represented.

The obtained results give SMEs an insight into their digitalization level, which helps
optimize their operations quickly and efficiently by knowing which segments require additional
attention. Achieving the appropriate digitalization level facilitates low-digitalized SMEs by the
successful inclusion into digitalized value chains pursuing technological advancements and digital
transformation. By raising the digitalization level of an individual SME, also the digitalization level of
the respective natural fiber-based value chain increases. Addressing the obtained results will facilitate
the transformation into competitive and sustainable SMEs and corresponding value chains, which will,
consequently, boost the circular economy significantly.

In addition to the mentioned direct positive effect on individual SMEs and/or value
chains, the proposed approach also benefits by providing valuable insights to other stakeholders.
Policy makers receive relevant information on digital maturity, which reveals challenges and issues
that should be addressed. This can help develop adequate policies and adjust the mechanisms, which
will reduce the gap between policy makers and SMEs, as well as facilitate the successful digital
transformation. On the other hand, the obtained results open unaddressed research opportunities
whereby findings can bring an added value in the digitalization process of SMEs, as well as useful
information for decision makers.

In addition to the highlighted contributions of the proposed approach, special attention should be
given to several aspects that could lead to biased assessments. Since the questionnaire is designed
and filled in directly by SMEs, a certain level of subjectivity might be expected. For example,
inadequate indicators could be selected that would lead to the misinterpretation of the results.
When assessing the digitalization level of the value chain of SMEs, the questionnaire has to be answered
by all value chain members in order to identify all digitalization bottlenecks accurately. Additionally,
the collected results should be processed adequately and interpreted to avoid incorrect conclusions.

6. Conclusions

The paper offers a novel comprehensive approach for assessing the digitalization level of
natural fiber-based value chains and the respective SMEs. Following the research methodology,
we provided the answers to the defined research questions. Our research findings significantly
improve the state-of-the-art in the field of assessing the digitalization level of natural fiber-based
SMEs. The proposed approach brings benefits to various stakeholders (SMEs, policy makers, research
institutions) and reduces the information gap among them.

Since the digitalization level of an SME is linked strongly to the usage of tools digitalizing the
business processes, our future work will provide the preparation of a knowledge base for tools that
can be used within different business sectors. The knowledge base will be offered in the form of a web
portal, which will facilitate SMEs to find the appropriate tools needed for their digital transformation.
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Appendix A
Table Al. Proposed Measurement Instruments.
Indicator Question Scale
1.1.1  Phone line connection What kind of fix-line broadband do you have in the
1.1.2  Fixed BB/NGA connection company? Fixed No Internet
1.1.3  Fast BB connection Ultrafast BB Fast BB BB/NGA access
1.14  Ultra fast BB connection
121 4G connection What kind of mobile broadband do you have in the No mobile
. 5G 4G 3G
122 5G connection company? Internet access
. . . . .
2.0.1 Proprietary website How often does the company update its website? Every month Every three Every six Every year or No web page
months months less
2.0.2  E-marketing activity What percentage of the company’s yearly investments Percentage
goes to e-marketing?
2.0.3  Social media presence How often is the company active on (add social media)? Every three Every six Inactive on (insert
Every week Every month ) .
months months or less  social media)
2.1.1  Online sales Does the company sell products to individual customers
online (B2C)?
Does the company sell products to other companies
. Yes No
online (B2B)?
Does the company sell products to state or local
government agencies online (B2G)?
2.1.2  E-commerce turnover What percentage of the company’s yearly turnover comes Not selling
- Percentage .
from online sales? online
2.1.3  Cross-border e-commerce What percentage of th? company’s yearly turnover comes Percentage Not selling cross-border online
from cross-border online sales?
2.1.4 Digital/electronic catalog Does the company have a digital or electronic catalog? Yes No
2.1.5 Online communication with ~ What percentage of the company’s communication with Not communicating
. - Percentage .
customers customers is done online? online
21.6 Customer engagement in Does the company use digital tools for customer
Lo - o . Yes No
product customization engagement in product customization or design?
3.0.1 B2B e-business activity How often does the company use digital channels to Every day Every week Every month Every three Not having

communicate and collaborate with other companies?

months or less

e-business activity
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Indicator Question Scale
3.0.2 B2G e-business activity How  often does the company use Every six Not using
. Every three
e-government services? Every week Every month months months or e-government
less services
3 ; E 0 )
3.0.3 E-banking How often does the company use e-banking? Every day Every week  Every month Every three ~ Not using
months or e-banking
) Ss_ . ;
3.04 Online purchases HOV\.I often does the company b1'1y products or Every week  Every month Every three f’very six NoF buying
services from other enterprises online? months months or online
4.0.1 Intranet Does the company have/use intranet? Yes No fess
4.0.2  Electronic records Does the company keep electronic records? Yes No
4.0.3 Automatically generated Does the company automatically Yes No
invoices generate invoices?
404 Electronic information Does the company have electronic
. . . . Yes No
sharing information sharing?
41.1 Bigdata Does the company collect and use big data? Yes No
412 Cloud services Does the company use cloud computing services
(e.g., The use of servers, storage, databases, Yes No
software, analytic, etc., over the Internet)?
41.3 Integrated or specialized Does the company use integrated or specialized
systems or tools information systems or tools (such as ERP, SCM, Yes No
CRM, MES, andon, CAD, etc.)?
In which departments does the company use
. .. . R Department
integrated or specialized information systems?
414 Business intelligence or Does the company use business intelligence Yes No
knowledge base software or knowledge base (e.g., QLIK)?
4.1.5 Decision support tool Does the company use any decision support tool?  Yes No
42.1 Robots and 3D printing Does the company use robots or 3D printing? Yes No
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422 Automation Does the company use automation? Yes No
423 Product identification Does the company use unique and automated
throughout the product identification throughout the supply chain  Yes No
supply chain (unique, (e.g., RFID technology)?
automated)
424 Digital supply chain Does the company have digital supply
. . . 7 Yes No
management and chain management or supplier relationship
supplier relationships management?
5.0.1 Security policy Does the company have an ICT security policy? Yes No
5.0.2 Data protection policy Does the company have data protection policy? Yes No
5.0.3 Regulatory quality Does the company have a regulatory Yes No
quality policy?
5.04 Assessment effectiveness Does the company have a policy for assessing
. Yes No
effectiveness?
5.0.5 Software or hardware How often does the company upgrade or update Every three = Every six Every two Not
Every year .
upgrades software and hardware? months months years or less  updating
What share of yearly investments does the Not
company invest in improving or upgrading the Percentage investin
ICT infrastructure? &
6.0.1 Computer or a mobile What share of employees in the company uses a Not using computer or
. . . ) Percentage - .
device use computer or a mobile device for their work? mobile devices
6.0.2 Internet use What share of employees in the company uses .
Internet for their work? Percentage Not using Internet
6.0.3 E-mail or IM use How o'ften do employees use e-mail or instant Every day Every week  Every month Every three ~ Not using
messaging to communicate? months e-mail or IM
6.04 Standard application or What share of employees in the company Percentage Not using standard

office software usage

use a standard application or office software
(e.g., Microsoft Office)?

application or office software
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6.0.5 Video calls or conferences How ofte.n do employees in the company use video Every day Every week  Every month Every three Not using
calls or video conferences to communicate? months video calls
7.0.1 ICT department Does the company have an IT department? Yes No
7.0.2 Employment of STEM What share of employees in the company are ICT No ICT specialists and
graduates specialists and experts, programmers, or STEM  Percentage experts, programmers, or
graduates? STEM graduates employed
7.0.3 Employment of business What share of employees in the company are No business specialists
. . 1 Percentage
specialists business specialists? employed
7.04 Telework How often does the company provide the option = Three days One day per  Few days Few days Telework not
of telework? per week .
week per month per year possible
or more
711 ICT training HOW often does the company provide ICT training Every month Every three  Every six Every year Traln.mg not
for its employees? months months provided
7.1.2  Self-learning qu often df)es the company Prov1de opportur}lty Every three  Every six Self-learning
to improve its employees’ skills through online Every month Every year not
. months months
self-learning? supported
. . N . .
7.1.3  Expertise reuse How often do you reuse expertise and knowledge? Every month Every three  Every six Every year Not reusing
months months expertise
8.0.1 Ré&D department Does the company have a research &
Yes No
development department?
8.0.2 ICT investment in R&D What percentage of the company’s yearly Not
. . Percentage . .
investment is reserved for R&D? investing
8.0.3 Patents or trademarks Does the company apply for patents or Yes No
trademarks?
8.0.4 In—hogse innovation How would you rate the innovation capacity of the Very good Good Average Bad Very bad
capacity company?
8.0.5 Innovative collaboration —Does the company’s cooperation with other Yes No

enterprises result in innovative

and services?

products
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