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ABSTRACT

Technological innovation and digitalization are transforming industries and organizations worldwide. Digital Maturity Models often serve as a reference point to
monitor the digitalization progression through prescribed stages. Yet, little is still understood about (i) how a digital maturity model should be designed and deployed
in a specific industry setting and (ii) the association between digital maturity and technology adoption. Building on extant literature and extensive interviews with
industry experts, we first develop a digital maturity model in the context of the conformity assessment industry (a globally regulated industry responsible for
assessing compliance of organizations with standards and regulations). Second, we implement the model and conduct a survey across 1447 organizations in 15
countries. Our findings reveal that the digital transformation journey of the industry progresses along five stages of maturity (with most organizations in the early/
intermediate stages of digital maturity) with distinctive patterns of technical and managerial practices across all stages. Adoption of technologies is (unsurprisingly)
associated with higher digital maturity levels - albeit that association does not hold for complex technologies (such as Blockchain) and is impacted by country
specifics (measured by the Digital Skills Gap Index). Our study provides insights into digital maturity and the adoption of technologies in an institutional environment
that is highly regulated and conservative, in which high integrity of service provision is primary, and digitalization is a secondary focus of organizations.

1. Introduction

While the adoption of emerging digital technologies offers new op-
portunities for creating value in organizations [1], it also creates dis-
ruptions requiring organizations to adopt and develop new technical
and managerial capabilities [2-4]. Digital Maturity Models (DMMs) are
often used as a reference point to conceptualize digitalization ‘path-
ways’ [5,6]. DMMs typically include several dimensions and define key
stages in digitalization [7,8]. However, digitalization is unique to any
given organization — depending on its industry setting (i.e., practices of
dominant actors) and its country setting (i.e., availability of staff with
adequate skills) [9].

The conformity assessment industry is a good example. It is
responsible for assessing the compliance of organizations with standards
and regulations [10]. The industry is globally regulated, and the adop-
tion of any new managerial practices (such as the use of new technol-
ogies) needs to adhere to specific international regulations and
standards. On the one hand, such global governance enforces consistent
operational practices of the entire sector across the globe. On the other
hand, it also constrains the digitalization and adoption of technologies

[11,12]. The conformity assessment industry also has a conservative
approach toward digitalization and the adoption of technologies. Driven
by the primary purpose of delivering high-integrity services, the need to
digitalize was historically seen as secondary, and the industry was
described as predominantly ’analog’ [13]. The COVID-19 pandemic,
however, significantly accelerated technology adoption, including
advanced technologies like remote sensing, Blockchain, and AI [14,15].
Even though the sector could be considered global, individual organi-
zations tend to employ local staff and also rely on local quality infra-
structure. The unique organizational, industry, and country settings
(such as those observed in the conformity assessment industry) bring to
the forefront an important question: How can DMMs be developed and
deployed in a specific setting to explore the link between digital matu-
rity and technology adoption? Existing DMMs often show substantial
shortcomings. For example, the existing literature portrays DMMs as not
empirically grounded [3] or lacking theoretical underpinnings [16]. At
the same time, DMMs play an important role in assessing the progression
towards digitalization. Such incongruence between the need for DMMs
and their development is intriguing. To address this problem, we
investigate two research questions.
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First, how should a DMM be designed and deployed in a specific industry
setting? We address this question by developing a DMM that is specific to
the conformity assessment industry, grounded in previous empirical
findings (from various sectors) and underpinned by management the-
ories (resource-based view and dynamic capability perspective) [17,18].
Our model is based on an extensive literature review (a total of 140
DMMs were reviewed) and validated by industry and academic experts
(13 considered industry experts were involved in the design). The model
provides a platform for empirical investigation in the industry and al-
lows us to describe the maturity levels of the organizations and the
countries in which they operate. Second, we address the relationship
between digital maturity and technology adoption, which necessitates
further exploration. To address these gaps, we have conducted a survey
of 1447 organizations from the conformity assessment industry across
15 countries - allowing us to gain insights into typical paths toward
digital maturity [7,19,20] and draw conclusions about the association
between digital maturity and technology adoption.

In addressing these two research questions, we make a threefold
contribution. First, by developing and empirically implementing a
tailored digital maturity model, we contribute to the body of both
conceptual and empirical research in the digitalization domain by
providing the pathway to the development of a digital maturity model
and its deployment in the industry. Previous studies have developed
generic DMMs without considering the context [6,19]. Second, we
determine patterns of technical and managerial practices associated
with the five stages of digital maturity. The findings empirically describe
the pathways of digitalization — highlighting the effects of organiza-
tional goals/expectations, barriers, and benefits. A cross-country com-
parison shows that each country’s Digital Skills Gap Index (DSGI score)
affects digitalization. These findings enhance the literature by providing
further insights into the role of organizational practices and country
effects on digitalization. Third, we confirm a link between digital
maturity and the adoption of technologies and identify key explanatory
variables. In line with the literature [6], we demonstrate that the
adoption of technologies is (unsurprisingly) associated with higher
digital maturity levels in organizations - albeit that association does not
hold for complex technologies (such as Blockchain).

In practical terms, our study is the first to comprehensively explore
the status of digital transformation in the conformity assessment sector,
specifically exploring the development and deployment of a DMM and
exploring the link between technology adoption and digital maturity.
The remainder of this article proceeds as follows: First, we present the
theoretical background of digital transformation and maturity models.
We then introduce the methods and data collection for developing and
implementing our maturity model. Consequently, we present and
discuss our DMM and the results of our comparative and regression
analyses. Finally, our findings are summarized, and conclusions are
drawn.

2. Literature review
2.1. Digital maturity and digital maturity models

Digital transformation is driven by the rapid emergence and adop-
tion of digital technologies such as artificial intelligence, cloud
computing, Blockchain, and the Internet of Things, allowing organiza-
tions to transform business models and generate competitive advantage
[2,20]. However, to exploit the opportunities associated with technol-
ogy adoption and to meet the digital expectations of customers, em-
ployees, and partners, an “ongoing process of adoption to a significantly
changing digital landscape” [21] is needed. The status of a company’s
digital transformation - defined as digital maturity - comprises both
technical and managerial aspects [22]. To account for the increasingly
rapid and continuous changes in the digital and business environment
and achieve digital maturity [23], “an evolutionary progress in the
demonstration of a specific ability or in the accomplishment of a target
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from an initial to a desired or normally occurring end stage” [24] is
needed, demanding for an actively executed digital transformation
process and continuous adaptations [25]. In that sense, the process of
digital transformation may never end, and digital maturity can never be
achieved completely [2,26].

Maturity models are conceptual models that outline these paths to-
ward maturity [16], allowing one to assess maturity based on a set of
criteria [27] and to make an organization’s progress toward a target
state tangible [3,24,27]. Predefined dimensions and related criteria
describe fundamental aspects of digital maturity, such as critical success
factors, capabilities, resources, and areas of action [7,21,27]. A maturity
model further consists of maturity stages (or levels) [28], which allows
for characterizing the performance, practices, and evolutionary status
quo of the organization in digital transformation [21]. While most
studies suggest a linear path to digital maturity, many scholars doubt the
validity of such concepts, arguing that digital transformation is
context-specific and can take idiosyncratic paths [3].

Our literature review (see section 3.1) has shown that there is no
universal Digital Maturity Model (DMM) but rather a wide variety and
heterogeneity of models. We have identified 140 different DMMs, which
vastly differ in terms of the industry concerned, the scope, specific topic
areas, and covered dimensions centered around predominantly internal
foci [22], such as an organization’s institutional, organizational, and/or
technical capabilities [29]. Notably, these models feature a variety of
dimensions, differing with respect to the thematic aspects they reflect,
but also regarding the number of those included in the model. Table 1
displays the most frequently used dimensions in the identified DMMs,
illustrating the scope of aspects that are critical for a successful trans-
formation. Also, the number of maturity stages that organizations can
achieve varies greatly. Strikingly, only very few scholarly works exist
that comprise not only a DMM description but also an empirical
implementation of it (see e.g. Ref. [7]).

Only little documentation is available on how to develop such a
model “theoretically sound, rigorously tested and widely accepted”
[27]. Many available models are used in practice-oriented literature and
consultancies to support managerial decision-making, providing defi-
nitions of archetypes along defined scales of maturity, mostly linear
paths [3] from the lowest to the highest maturity level [29].

However, the economic and management literature provides many
theories that have helped to improve our understanding of innovation,
technology adoption, and digital transformation, allowing us to capture
determinants for digital maturity. Helpful theoretical frameworks range,
e.g., from path-dependency to evolutionary theory, organizational
learning, disruptive innovation theory, or the technology-organization-
environment (TOE) framework [16]. Such theories and frameworks can
inform and guide the design of maturity models [30]. Since maturity
models are designed to assess an organization’s digitalization capabil-
ities, dynamic capabilities theory and the resource-based view provide a
rich theoretical foundation. Considering that digitalization goes beyond
a mere technological perspective, a maturity assessment needs to
consider strategic, organizational, managerial, and cultural stakes as
well, including processes, resources, capabilities, and skills [22,31]. In a
holistic approach, this means reflecting both the internal and external
perspectives of the organization [21]. Introducing digital technologies
alone does not make an organization digital [2,25]. The value of tech-
nology comes from the exploitation of business opportunities and doing

Table 1
Most frequently used dimensions in the 140 DMMs from our literature review.

Dimension Number of DMM Dimension Number of DMMs
1. Strategy 46 6. Process 28
2. Technology 42 7. People 26
3. Customers 34 8. Products 24
4. Culture 33 9. Operations 19
5. Organization 30 10. Information 18
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Table 2
Composition of the sample.

Type of CA activity provided Organization size

Testing laboratory 56 % <10 employees 35%
Certification body 26 % 10-49 employees 40 %
Calibration laboratory 21% 50-249 employees 16 %
Inspection body 20 % Over 250 employees, 8%
Medical laboratory 6 % I do not know 1%
All other 6%

Table 3

Regression Analysis: Correlations of the use of digital technologies and Overall Digital
Maturity.

Variables (e8] 2)
MaturityScore MaturityScore
All techn. -

0.423*** (0.0273)

Mobile tech. 0.0889***(0.0172)
Big Data -
Al 0.0474**(0.0238) -

Cloud c. techn. 0.0587***(0.0148) -
Digit. Twins 0.0380%*(0.0171) -
RFID —0.0432%*(0.0194) -

Remote Sen. 0.0739***(0.0178) -

Blockch. techn. —0.0184(0.0248) -

Drones —0.0175(0.0210) -

IoT 0.0683***(0.0210) -

Enhanc. A./R. 0.00423(0.0180) -

Embed. IT sys. 0.0747***(0.0151) -

Vir. Reality 0.00347(0.0225) -

Constant 2.322%*%(0.0549) 2.600%**(0.0341)
Observations 1104 1193

R-squared 0.287 0.205

business differently enabled by technology [32]. Building on accordant
capabilities, digitally mature organizations feature, e.g., a dedicated
strategy and common understanding of leveraging technologies to
change the way they do business [31]. They adopt “structures, practices,
values, and beliefs that help organizations to thrive in an increasingly
digital environment” [2].

2.2. Digital transformation and the conformity assessment industry

Digital transformation is a key topic for conformity assessment (CA).
On the one hand, the market success of new digital products and services
requires trust in them. Based on standards, conformity with specified
requirements can be demonstrated by CA services, such as certification
(i.e., labels) or testing [33]. This specifically concerns cybersecurity:
certification based on standards, e.g., management system standards
such as ISO/IEC 27001, has been identified and supported by policy-
makers to tackle privacy and cybersecurity risks associated with digi-
talization [34]. Furthermore, internationally accepted standards and
accordant CA services can contribute to transparency and trustworthi-
ness regarding the safety, security, and provenance of new digital
technologies and applications, e.g., based on Al, thus supporting market
acceptance [35]. On the other hand, CABs also need to adopt digital
technologies for their own processes and organization. This is not only
important to achieve efficiency gains or exploit new business opportu-
nities but, as previous research has shown, also in order to be resilient in
times of crises — an important feature especially for the CA industry.
Previous research has revealed increased digital technology adoption
triggered by the COVID-19 pandemic: Castka et al. [36], e.g., found
certification bodies in the context of voluntary sustainability standards
to increasingly use remote auditing and ICT with the start of the
COVID-19 pandemic. However, a previous (practice-oriented) study on
digital maturity in various sectors found that organizations in CA still
need to catch up compared to other industries [37] — including their own
customers’ industries.

Technology in Society 77 (2024) 102564

3. Methods and data

This section elaborates on the steps followed to design and empiri-
cally implement a model to assess the digital maturity of the conformity
assessment (CA) industry (Fig. 1). In the first place, the scope of the
model i.e. the addressed domain, needs to be determined. In our study
we addressed the conformity assessment industry at large, covering
organizations with commercial, academic, and public backgrounds
performing diverse types of CA. The design follows the St. Gallen model
of digital maturity proposed by Berghaus and Back [7] and Friedel and
Back [28]. To collect the data, we designed an online questionnaire for
the CA industry, distributing it with the support of national accredita-
tion bodies. The data analysis encompasses both the calculation of the
digital maturity scores following the St. Gallen model [28,38] and
regression analysis to identify the relationships between digital maturity
and technology adoption, as well as other digitalization variables from
our survey.

3.1. Design

To build an adequate Digital Maturity Model (DMM), we first con-
ducted an extensive literature review of DMMs. Using search strings
centered around digital maturity and readiness in relevant databases (i.
e., Scopus, Web of Science), we identified relevant articles and addi-
tional literature through forward and backward referencing [39] and
citations in these studies. In total, we reviewed 140 DMMs from different
domains, which we assessed regarding their scope, extent, and structure,
including the most commonly represented dimensions (see Table 1).
However, a thorough description and explanation of how the di-
mensions have been derived and selected is rare in the literature. Only a
few studies provide insights into their theoretical foundation. Based on
the first insights from our literature review, we built on and consulted
innovation, technology adoption, and transformation management
literature to capture the most relevant success factors, barriers, and
determinants of digital maturity. As outlined by De Bruin et al. [27],
such an approach helps to identify what needs to be measured and how.

Furthermore, we considered the distinctive characteristics of context
to capture determinants and preconditions of digital technology adop-
tion in the Conformity Assessment industry and the accordant maturity.
Many dimensions identified in our DMM review might be understood as
dynamic capabilities [40-42] despite scarce research on their relation-
ship with digital transformation [23]. However, representing abilities
and skills to generate, identify, and analyze new knowledge in an or-
ganization to stay competitive and innovative [23,25], dynamic capa-
bilities can be deemed critical for transformation. These capabilities
encompass various aspects such as cross-functional collaboration,
innovation capacity, or market/customer orientation [23,25]. Addi-
tionally, aspects such as cultivating an open risk culture [23,25,43]
have been identified as specifically important in digital transformation
contexts [44]. Building on the theoretical literature as well as on pre-
vious studies, dynamic capabilities for digital transformation readiness
have been included in our DMM, encompassing dimensions such as
Customers, Culture, Innovation and Cooperation. In that way, it ac-
counts for the importance of an organization’s ability to adapt and
innovate in dynamic environments, incorporating capabilities that are
expected to facilitate the adoption of digital technologies [23]. The role
of dynamic capabilities is also ascertained by the disruptive innovation
theory that helps understand why companies succeed or fail in light of
disruptive innovation, such as digital technologies, considering

g Desi Data Data
cope esign collection analysis

Fig. 1. Digital maturity model development phases based on De Bruin
et al. (2005).
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adequate resource allocation, skills, customer competence, and net-
works [45].

Dynamic capabilities theory can help explain why and how organi-
zations adjust resources to sustain competitive advantage in changing
contexts. Creating capabilities depends on adequate configuration and
reconfiguration of resources [42,45]. Thus, resources - including phys-
ical, financial, human, and organizational - play an important role in a
successful digital transformation. We draw from the resource-based
view (RBV) [46], recognizing the relevant contribution of these re-
sources to organizational success and their facilitation of digital trans-
formation through innovation. Thus, we integrate the resource
perspective across various dimensions, such as Organization and Infor-
mation Technology. These capabilities and resources allow organiza-
tions not only to recognize but also to adapt to change through
innovation [47]. The lack of some resources or dynamic capabilities may
impede an organization from adopting or developing digital technolo-
gies and digitally transforming [48].

The design of the DMM was also informed by business and man-
agement literature that heavily supports the role of business strategy in
an organization’s ability to digitally transform [44]. Accordingly, the
development and implementation of a clear digital strategy and leaders
who foster a culture of change and risk-taking are found crucial [44].

To expand the perspective beyond the internal view of the organi-
zation, the Technology-Organization-Environment (TOE) Framework
provides additional contextual determinants of transformation decisions
to be considered [7,49]. Besides the characteristics and resources of the
organization, it also covers external drivers and environmental context,
including e.g. relevant digital and information technologies (IT) [50].
Though often neglected in analyses, technologies play a crucial enabling
role in responding to disruptive innovations, fundamentally trans-
forming business processes, products, services, and relationships [45].
Building IT capability requires combining IT infrastructure, human IT
skills, intangibles, and other organization-specific resources [51]. This
illustrates the interaction of different theoretical concepts along relevant
dimensions of digital maturity.

We used the analysis of existing DMMs, as well as the further liter-
ature and theoretical frameworks on innovation and transformation, as a
solid foundation to deduct items that reflect the necessary capabilities,
resources, external factors, and barriers to drive digital transformation
successfully.

Accordingly, our DMM comprises seven key dimensions that repre-
sent critical success factors, barriers, resources, and capabilities that
help grasp the digital maturity of organizations (see Fig. 2): (1) Strategy,
(2) Information Technology & Process Digitalization, (3) Customers, (4)
Culture and Expertise, (5) Organization and Change Management, (6)
Innovation, and (7) Cooperation. Each dimension consists of four to six
items (in total, 37 items - included in Appendix) describing various as-
pects of the respective dimension, with different degrees of difficulty of

IT & Process Digitalization

Strateg
ey Customers

Digital Maturity
Model

7 Dimensions

(37 criteria)

N : ' . .
','C Organization &

Innovation Change Management

Cooperation
P Culture &

Expertise

Fig. 2. Digital maturity model dimensions.
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attainment.

Following the design of our DMM based on the thorough review of
the theoretical and management literature and existing DMMs, we
tested its suitability and further enhanced it with the help of expert in-
terviews (see section 3.2).

3.2. Data collection

The basis for assessing the digital maturity of the CA industry was a
broader online survey with 40 questions covering multiple facets of
digital transformation in the conformity assessment industry. The
questions covered the following aspects: 1) the current status of digi-
talization and digital maturity of the CA industry (based on the DMM
introduced in Section 3.1); 2) the drivers, benefits, and barriers related
to digital transformation, and 3) the digital technologies currently in use
in the surveyed organizations.

During and after drafting the survey, we conducted semi-structured
interviews with 13 CA experts from the industry and academia to
identify and verify the most relevant factors of digitalization in the CA
industry. The survey questions were designed as multiple-choice, yes/
no, or 5-point Likert scale questions, e.g., 1 for "not important" and 5 for
"very important." To ensure the validity and reliability of the question-
naire, we conducted an additional pre-test with seven representatives
from CABs and industry associations, using the cognitive technique of
the "Think-Aloud Method" [52]. Following the experts’ comments and
reactions, we adapted the survey questions accordingly. To gather the
data and ask the organizations to participate, we partnered with na-
tional or regional accreditation bodies," which disseminated the online
survey among their member CABs. In each country, the survey was
administered for an average of 6 weeks, from December 2021 to
November 2022.

3.3. Data analysis

3.3.1. Calculation of digital maturity scores

To identify the different stages of digital maturity within the CA
industry, we adopted the methodological approach proposed by Ber-
ghaus and Back [7] and Friedel and Back [28]. As shown in Fig. 3, this
approach included a self-assessment of digital maturity by the CABs and,
consequently, the calculation of the digital maturity scores. More spe-
cifically, by answering the survey questions related to the seven di-
mensions, the items were populated through a self-assessment by the
participants on a 5-point Likert scale, indicating whether the specific
items were fulfilled by their organization.

Based on the self-assessment, the digital maturity scores of the
participating CABs were calculated following the St. Gallen model of
digital maturity [7,28]. The overall digital maturity score represents the
mean average of an organization’s point maturity and cluster maturity
score. First, we calculated the point maturity scores for each organiza-
tion. This was done by first calculating the difficulty of attainment for
each item (also called metric) in the seven maturity model dimensions
based on the Rasch Algorithm, using the statistical software Winsteps
Rasch (A metric score of “0” represents the mean difficulty). A negative
metric indicates that the item is easy to achieve, while a positive metric
indicates that the item is difficult to achieve. Subsequently, we calcu-
lated the point maturity scores as the sum of the individual difficulty
levels multiplied by the actual scores achieved by each organization (on
a scale from "1: I do not agree at all" to "5: I fully agree"). However, the
point maturity score adds up the overall fulfillment of items out of the
total points achievable regardless of their difficulty levels. For instance,
an organization can attain the highest points possible in a difficult item
but a low score in a relatively easy item. Yet, more difficult items are

1 An accreditation body (AB) is a formal, third party that recognizes the
technical competence of CABs to deliver conformity assessment services.
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Calculation of
Self-assessment of each item's
digital maturity by difficulty level
CABs (Rasch algorithm)
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maturity scores (cluster
analysis)

()

Classification
of CABs into
maturity stages

()

Data Calculation Calculation
collection and of point of overall
cleansing maturity maturity

scores

scores

Fig. 3. Methodological steps.

more weighted; thus, their fulfillment generates higher point maturity
scores.

In contrast, the cluster maturity score systematically structures the
fulfilments according to the difficulty levels for each item. The more
organizations have fulfilled a particular item, the easier it is rated.
Accordingly, the easiest items are clustered in maturity cluster 1
(beginner level), and the most difficult items form the highest maturity
cluster 5 (expert level) (Fig. 4) [22]. Thus, the cluster maturity score
refers to the sequential fulfillment of items across different maturity
clusters. An organization may reach a higher cluster maturity score only
when a specific threshold value is achieved in the previous, easier
cluster.

Ultimately, we calculated the overall maturity score as the point
maturity and cluster maturity score average. Due to the metrics, the
values are approximately normally distributed. Finally, following the
approach of Berghaus and Back [7] and Friedel and Back [28], we
classified the surveyed CABs into the five distinctive identified maturity
stages.

3.3.2. Regression analysis

Besides the descriptive analysis, we analyzed the effects of general
organization-specific characteristics — including their general assess-
ment, motives, impacts, and barriers to digitalization — on digital
maturity using regression models (Table 4). To this end, we conducted a
standard multiple Ordinary Least Squares (OLS) regression analysis and
an additional fixed-effects regression analysis to account for the unob-
served heterogeneity in our data by including country-fixed effects
(Table 5). As a statistical software, we used Stata 16 [53]. Although all
variables are ordinally scaled, we treated them as metric variables [54].
In a separate OLS model, we calculated whether organizations’ use of
specific digital technologies is, on average, associated with higher dig-
ital maturity levels (Table 3). Due to the presence of heteroscedasticity
in the data, we used robust standard errors in all regressions.

4. Results
4.1. Sample description
In total, we collected valid responses from 1447 organizations from

15 countries (dark blue) and one region (dark grey) (Fig. 5) that
participated in the survey (=15 % average response rate).

Maturity Stages

Beginner - 1

Fig. 4. Digital maturity model: Stages.

82 % of the participating organizations were private companies, 12
% were public bodies, and the remaining 6 % were research institutions.
Most (56 %) operate as testing laboratories, and 75 % are small-sized
organizations (Table 2).

The survey reveals that many organizations in the CA industry have
just started to address digitalization (37 %), and only 18 % have already
integrated it across the entire organization. By far, the main focus area is
the optimization of internal processes (81 % of all organizations), fol-
lowed by internal and external communication. The least in focus is the
adaptation of the business model through digital technologies (14 % on
average, yet with considerable country differences). In the following
sections, we will present the findings on digital maturity and technology
use in more detail.

4.2. Digital maturity of the CA industry

Drawing from the survey data and our methodology (Section 3.3.1),
we calculated the digital maturity scores (DMS) of the surveyed orga-
nizations in each participating country and region. Analyzing the items
fulfilled in each stage by most participating organizations indicates their
difficulty, prioritization, and possible sequence of digital transformation
activities [7]. Accordingly, items fulfilled in lower stages (thus by many
organizations) are basic groundwork, while items in higher stages
indicate a higher degree of difficulty, with advanced activities that build
on previous ones. As shown in Fig. 6, the resulting maturity scores are
ranked from 2.55 (West Africa) to 3.30 (United Kingdom), with an in-
ternational average DMS of 3.03.

Based on this self-assessment, we calculated the achievements across
the seven digital maturity dimensions (Fig. 7, left side).

The two most advanced dimensions are “Culture & Expertise” and
“Information Technology & Process Digitalization,” with the latter
dimension being attributed the highest relevance by participants. Here,
the organizations state, e.g., that important, relevant technologies and
their impact are known, and IT investments are made. Furthermore,
their IT department can ensure the use of digital technologies and em-
ployees are aware of IT security issues.

In contrast, the dimension “Organization & Change Management”
has the lowest average fulfilment — despite a rather high attributed
importance. Based on these individual assessments along the seven di-
mensions, we calculated the individual maturity scores for all partici-
pants (see 3.3), as well as the final digital maturity levels. As shown in
Fig. 7 (right side), most organizations across all countries have reached
the intermediate level (stage 3, 46 %), while only 16 % are already in
stage 4 and 2 % in stage 5. However, more organizations are still at
lower levels (5 % at beginner level 1 and 31 % at level 2).

Following the clustering results, we observe distinct patterns of
digital maturity along the five maturity stages. Organizations in stage 1
(“Beginners”) already assign digitalization a central role in their overall
strategy and are open to digital transformation, considering it as a new
source of value creation. Furthermore, they are aware of IT security and
work on it. To evolve into stage 2 of digital maturity, we observe a
strong focus on information technology and process digitalization: organi-
zations invest in digital technologies and have networked processes and
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Table 4
Descriptive statistics.
N Mean Sd p50 Min Max Description
MaturityScore 1286 3.01 0.86 3 1 5 Overall Maturity Score (from 1 to 5)
Mobile tech. 1320 2.74 1.57 4 -1 4 Mobile technologies, devices, and services
Big Data 1308 1.12 1.72 1 -1 4 Big Data and Big Data Analytics
Al 1307 0.58 1.31 0 -1 4 Artificial Intelligence (AI) and machine
Cloudc. techn. 1311 2.19 1.77 2 -1 4 Cloud computing technologies
Digit. Twins 1304 0.21 1.47 0 -1 4 Digital twins
RFID 1308 0.33 1.35 0 -1 4 Radio Frequency Identification (RFID)
Remote Sen. 1309 0.61 1.53 0 -1 4 Remote Sensing
Blockch. techn. 1303 0.1 1.16 0 -1 4 Blockchain Technology
Drones 1307 0.36 1.21 0 -1 4 Drones
IoT 1297 0.51 1.4 0 -1 4 Overarching Internet of Things (IoT)
Enhanc. A./R. 1296 0.9 1.56 0 -1 4 Enhanced Automation/Robotics
Embed. IT sys. 1296 1.7 1.82 2 -1 4 Embedded IT systems
Vir. Reality 1305 0.35 1.21 0 -1 4 Virtual/Augmented Reality
All techn. 1325 0.92 0.93 0.85 -1 4 All technologies
Intl. CAB 1437 0.19 0.39 0 0 1 International CABs (dummy variable)
Empl. Age 1365 44.25 4.05 47.5 40 55 Employees’ average age (from <40 to >55)
Perc. digit. 1387 1.29 0.8 1 -2 2 Perception of digit. for CA industry (—2 to +2)
Digit. agenda 1265 4.56 3.13 3.5 1 10 Time dealing with digit. (<2 to >10 years)
Expect 1214 -0.19 0.9 0 -2 2 Fulfillment of digit. expectations (—2 to +2)
Seaml. 1268 1.32 0.83 1 -2 2 Achieve seamless data flow (motive)
CA cust. 1271 1.1 1.01 1 -2 2 Provide better CA services to customers (—2 +2)
Compl. 1376 0.47 1.18 1 -2 2 Complexity of digit. processes (from —2 to +2)
Time constr. 1373 0.5 1.21 1 -2 2 Time constraints (from —2 to +2)
Internal proc. 1357 1.15 0.99 1 -2 2 Faster internal processes (from —2 to +2)
Cust. satisfc. 1344 0.82 1.05 1 -2 2 Improved customer satisfaction (—2 to +2)
COVID-19 1300 0.76 0.43 1 0 1 Digitalization driven by COVID-19 (dummy v.)
Manuf. 1447 0.38 0.48 0 0 1 Manufacturing industry served (dummy var.)
DSGI 1405 5.9 1.37 5.9 3.9 7.8 Digital Skills Gap Index 2021
digital innovation. Organizations in this stage have adequate staff,
Table 5, . collaboration across departments, and skills to transform digitally. At
Regression Analysis (3 models). . . . . R o
the intermediate digital maturity level (stage 3), organizations have a
Variables @ @ ® well-documented digital strategy and exploit the latest digital oppor-
DMS DMS with DSGI DMS with fixed tunities to automatize routine processes. The development of digital
effects

General information about the organizations

Intl. 0.0760(0.0462) 0.0512(0.0464) 0.0465(0.0464)
Empl. Age —0.00297 —0.00559 —0.00590
(0.00493) (0.00514) (0.00514)

Assessment of digitalization in the organization

All 0.238**%(0.0263) 0.233***(0.0264) 0.242*%**(0.0269)
Technologies
Perc. digit. 0.0825%*** 0.0865*** 0.0772***(0.0259)
(0.0264) (0.0265)
Digit. Agenda 0.0183*** 0.0155** 0.0129%(0.00665)
(0.00630) (0.00624)

Goals and Expectations

Digit. expect.
Seaml.

0.301**%(0.0272)
0.0695***
(0.0264)

0.288***(0.0279)
0.0703***
(0.0267)

0.0845***(0.0278)

CA cust. 0.101***(0.0219) 0.111***(0.0221) 0.0856***(0.0224)

Barriers

Compl. —0.0388%* —0.0435%* —0.0375**(0.0182)
(0.0185) (0.0187)

Time constr. —0.0497%** —0.0564%** —0.0476%**
(0.0179) (0.0181) (0.0182)

Impacts
Internal proc.
Cust. satisfc.

0.109***(0.0250)
0.0749%**
(0.0249)

0.104***(0.0258)
0.0851*
(0.0256)

0.109***(0.0247)

COVID-19 —0.0287(0.0464) —0.0600(0.0518) —0.0801(0.0539)
Manuf. —0.0540(0.0393) —0.0579(0.0394) —0.0464(0.0392)
DSGI - 0.0385**(0.0179) -

Constant 2.480%**(0.236) 2.400%%*(0.242) 2.626%**%(0.256)
Observations 926 907 926

R-squared 0.536 0.535 0.560

IT departments (or external service providers) while the risk of failure is
accepted. Most customer interactions occur via digital channels, and
changes in customer behavior are analyzed to identify the potential for

expertise is promoted through targeted training, and digitalization
generates competitive advantages for organizations. Digital innovation
is driven systematically, and exchanges with external experts create
additional digital knowledge.

Stage 4 is centered around Organization and Change Management,
where organizations have sufficient dedicated resources at their disposal
in their day-to-day business to drive digital innovation as well as defined
roles, responsibilities, and decision-making processes. Further, they
have defined measurable goals for digitalization based on a digital
roadmap. The organizations systematically analyze customer needs to
develop appropriate digital solutions. To reach the final maturity stage
5 (i.e., the digital “expert” status), organizations have a digital roadmap
and use metrics to monitor its implementation. An “early alert” process
is in place to identify relevant digital technologies or business models,
and customers are involved in developing new digital innovations. To
that end, organizations have a clearly defined innovation process for
implementing new ideas for customers and employees. They collaborate
effectively with external stakeholders on digital initiatives and maintain
an accordant partner network.

4.3. Technology adoption

This section explores the digital technologies and applications that
the surveyed organizations have actually adopted or planned to use. To
this end, participants were presented with major digital technologies
and applications and asked to rate their use or awareness. Fig. 8 displays
the relative distributions, illustrating huge differences: While mobile
technologies, devices, and services are regularly used in 53 % of orga-
nizations (n = 1312) and cloud computing technologies in 40 %, other
advanced technologies such as Big Data Analytics (18 %), Enhanced
Automation/Robotics (12 %) and Artificial Intelligence (AL 5 %) are
used less frequently. Blockchain technology and Virtual/Augmented
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Fig. 5. Overview of countries and regions covered and number of participants.
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Fig. 6. Country rankings of the Average Digital Maturity Scores.

Reality are the least implemented technologies (3 and 4 %, with 21 and
13 % not knowing the technologies at all, respectively).

These findings highlight that the CA industry is still largely based on
traditional (analog) processes. For example, on-site inspections are still
prevalent, even though remote inspections would be technically

possible. Fig. 9 further displays a country ranking of the average ach-
ieved technology use score, operationalized by attributing point values
according to the level of use/awareness (from —1: technology unknown
to 4: technology regularly in use).

4.4. Digital maturity and technology adoption: regressions

This section explores the link between digital maturity and tech-
nology use in more detail. To this end, we ran OLS regressions to analyze
the statistical relationship between digital maturity and technology use
(Table 3). In most cases, our results show evidence that more extensive
use of digital technologies is, on average, associated with higher digital
maturity levels, holding all other variables constant. However, there are
also differences across technologies: Basic digital technologies, such as
mobile technologies, cloud computing, and embedded IT systems, are
positively and significantly associated with digital maturity. In contrast,
we find no evidence of significant statistical relationships between more
complex digital technologies, such as Enhanced Automation/Robotics or
Blockchain technology, and digital maturity.

The significant negative association of Radio Frequency Identifica-
tion (RFID) with digital maturity score initially seems contradictory.
However, in an isolated OLS regression, the regression coefficient shows
the expected positive and significant sign. Therefore, weak multi-
collinearity in the multivariate Model 1 likely explains the issue. In
Model 2, the variable “all technologies” represents the average of all
digital-technology variables from Model 1 (Table 3). All technologies
combined are more strongly and positively associated with higher
maturity scores (regression coefficient = 0.423) than the single tech-
nology variables in Model 1. Therefore, more extensive technology
adoption, e.g., in pilot projects or on a larger scale, is, on average,
associated with higher digital maturity, ceteris paribus. In contrast,
CABs are, on average, less digitally mature when the technologies are
unknown to them or only discussed to be implemented within the next

2 1o I3 1.1 12 12 1.1 12 2 50% 46%
! — 4 4
40%
— | — [ ] — — 3 31%
3.1 33 29 32 3.1 30%
-1 : 2
20% 16%
-2 1
Strategy Information ~ Customers Culture &  Organization Innovation ~ Cooperation
Technology & Expertise & Change 10% 5% 20
) P.rocress. Management %o
Digitalization 0%
mmmmm Self-assessed maturity score Attributed relevance of dimensions 1 2 3 4 5

Fig. 7. Average self-assessed maturity score for the seven dimensions of our Digital Maturity Model and attributed relevance of dimensions (left). Distribution of the
Overall Digital Maturity Scores of the whole sample (right; from 1 “Beginners” to 5 “Experts™).
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Advanced digital technologies in use or planned to be used (n=1320)

Mobile technologies, devices, and services (n=1320)
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Cloud computing technologies (n=1272) | T I I |
Embedded IT systems (n=1201) | N ] I I
. . . B(4) In use as a pilot
Big Data and Big Data analytics (n=1308) | IR I | | ] project
Enhanced Automation/ Robotics (n=1173) | T T 1
Remote Sensing and networks (n=1141) ST I I D(z-) Deploymem plam?ed
within the next 5 years
Digital twins (n=1020) [N T T T ]
Overarching Internet of Things (IoT) Platform (n=1129) I | | T ] Dg2.) Dcplgymcnt
iscusse
Radio Frequency Identification (RFID) (n=1109) [N | T | ]
Artificial Intelligence (Al) and machine learning (n=1308) | IEEIINNNN] I T ] O(1) Deployment not an
issue
Drones (n=1182) IS | |
Virtual / Augmented Reality (n=1283) I T T | ] O(6) I do not know the
Blockchain Technology (n=1079) L I I I ] technology
0% 50% 100%

Fig. 8. Technologies used by the surveyed organizations.
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Fig. 9. Average technology use/awareness scores.

five years.

Beyond the above-analyzed technology-use variables, we ran further
OLS regressions with an additional set of variables to identify drivers of
our dependent variable digital maturity, including: variables capturing
the organizations’ demographic characteristics, their general assess-
ment of digitalization, including the adoption of technologies, and the
motives and barriers to digital transformation. Moreover, we included
the country-specific Digital Skills Gap Index (DSGI) as a further control
variable, which operationalizes digital skills levels in a global country
ranking [55].

Table 5 depicts the results of the regression analysis, showing the
correlations between the explanatory variables (Table 4) and the overall
digital maturity scores. In model 1, all explanatory variables (except for
the employees’ average age, the COVID-19 variable, and
manufacturing) are significantly associated with digital maturity, with
the barriers to digitalization showing negative regression coefficients.

Model 2 also explores the statistical relationship between the DSGI and
digital maturity but covers fewer observations (the West African region
has not been considered since it has no DSGI value). Model 3 includes
the same variables and observations as Model 1 but adds the country-
fixed effects.

Consistent with Table 3, we find, under assessment of digitalization in
the organization, more extensive technology adoption to be positively
and significantly associated with higher digital maturity across all
models (Models 1-3). Furthermore, we observe that respondents who
consider digitalization an opportunity and have addressed it at a stra-
tegic organizational level are, on average, more digitally mature
(Models 1-3).

Regarding the goals and expectations for digitalization, we find that
the general expectations towards digital transformation (“Digit. expect”)
as well as the two leading motives of achieving seamless data flow
(“Seaml.”) and providing better customer service (“CA cust.”) are posi-
tively and significantly associated with digital maturity across Models
1-3.

In contrast to the motives and drivers, the barriers to digitalization
show the expected negative effects on the digital maturity scores in
Models 1-3. The variables “Complexity of digitalization Processes”
(“Compl”) and “Time constraints” (“Time constr.”) are both negatively
and significantly associated with digital maturity.

Regarding the benefits realized from digitalization, we found that
organizations having achieved accelerated internal processes ("Internal
proc.") and enhanced customer satisfaction ("Cust. satisfc.") are, on
average, more digitally mature.

Finally, the results show evidence of the positive effect of a higher
DSGI score — as an indicator of the available digitally skilled people in
the countries — on organizations’ digital maturity (Model 2), confirming
that higher digitalization at a country level trickles down to the digita-
lization of CABs as economies’ backbone.

Previous literature — and descriptive results from our survey — have
found the COVID-19 pandemic to be a driver for digitalization in orga-
nizations [36,56-58]. However, our regression analysis does not find a
significant relation between the pandemic as a driver for digitalization
and actual digital maturity.

5. Discussion

Our findings shed light on the current state of digital transformation
in the conformity assessment industry (on a global scale) and the asso-
ciation between digital maturity and the adoption of technologies. Our
study reveals that the majority of organizations are at early or inter-
mediate stages of digital maturity, with limited use of advanced digital
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technologies. Furthermore, the results of our comparative analysis of
digital maturity across countries reveal significant variations among
organizations.

Other studies, albeit less focused on particular industries affected by
digitalization, have also explored (comparatively) the status of digital
transformation and its significance. Brodny et al. [59] found that Central
and Eastern European countries lag behind their EU counterparts.
Malkowska et al. [60] further investigated the impact of digital trans-
formation on the economy and society in EU countries, focusing on
technological development and the digitalization gap. Van Kessel et al.
[61] identified cross-country inequalities in Europe regarding internet
access and digital skills, requiring increased investment in digital ca-
pacity. Similarly, our results identified gaps in digitalization across
countries within the conformity assessment industry. This further aligns
with the identified positive correlation between the Digital Skill Gaps
Index (DSGI) and digital maturity, offering insights into how
country-specific factors influence digitalization. This complements the
findings from previous research on the reverse positive relationship
between digital maturity and the DSGI [62,63].

The digital maturity scores across the seven dimensions of our DMM
suggest that digitalization begins with the adoption and use of digital
technologies and then evolves into a holistic transformation of the or-
ganization [21]. Such a resulting digital maturity pattern aligns with
Henriette et al. [31], who characterize digitalization as a disruptive or
incremental change process. More precisely, we observe a particular
Pattern in the distribution of different dimensions along the five
stages of digital maturity. For example, the dimension “IT and process
digitalization” is a baseline issue already fulfilled by many organizations
in the early stages of digital maturity (Stage 2). Nevertheless, the
adoption of digital technologies alone is not enough. The technical as-
pects of digital transformation should be accompanied by complemen-
tary managerial capabilities, such as the development of expertise and
supportive organizational processes [44]. Notably, strategic orientation
towards digital innovations plays a pivotal role in the successful digital
transformation of organizations [64-66], which is already a key
requirement in early digital maturity stages. Our results suggest that in
the intermediate stage of digital maturity, organizations already have a
well-documented digital strategy to systematically progress with digi-
talization [67]. Digital strategy prepares organizations for attaining the
next maturity stage 4, which is characterized by clearly defined re-
sponsibilities for implementing the goals derived from the strategic
consideration of digitalization. This is further specified by a defined
implementation plan or Digital Roadmap, based on monitoring metrics,
in organizations considered as digital experts (final stage 5).

Change management and related activities appear particularly
challenging and are primarily concentrated in the later stages of digi-
talization (stage 4). This means that organizations that can manage
change and overcome organizational challenges tend to be more digi-
tally mature overall. This pattern is in line with previous literature,
finding that a solid digital foundation in technical terms also requires a
good understanding and the appropriate processes to leverage the po-
tential for business advantages [21,68]. Digitally mature organizations
have also been characterized by a collaborative and innovative culture [
[44,68]- accompanied by a growing trend towards networking,
collaboration, and forming partnerships with external stakeholders in
digital initiatives [69,70]. These partnerships allow organizations to
successfully manage digitalization. Our data confirms these findings,
showing a focus on collaboration, in particular at later digital maturity
stages (stage 5). Digitalization is systematically accelerated by knowl-
edge and capabilities deriving from exchanges with external experts
already in the intermediate digital maturity stage (stage 3). This
collaboration and accordant partner networks intensify with higher
digital maturity stages (i.e., stages 4 and 5) [26,71].

Although organizations that are already in the early stages of digi-
talization analyze changes in customer behavior to identify the potential
for digital solutions, a systematic analysis of customer needs is distinct of
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higher digital maturity levels. Our regression analysis confirms that
organizations providing better conformity assessment services to cus-
tomers based on digital technologies and applications are, on average,
more digitally mature. This aligns with Saura et al.’s [72] and Kusa
et al.’s [20] findings, suggesting that analyzing consumer behavior in
the digital era drives organizational digital transformation, including
the development of digital business models. According to institutional
theory, companies’ decisions and actions are driven by the surrounding
institutional ecosystem, i.e., companies may feel coercive pressure from
competitors or customers to upgrade their services [73,74], thus
thriving to become more digitally mature. Especially with the start of the
COVID-19 pandemic, a shift in both internal/external communication
and delivery of services became necessary for organizations [14,15].
Our study confirms that the motivation for digitalization translates into
higher levels of digital maturity. Additionally, taking a resource-based
view (RBV) [75,76], digitally improved internal processes are a valu-
able strategic resource for organizations when providing their services
to customers, thus gaining a sustained competitive advantage [77].
Hence, there are internal and external factors for organizations that
benefit from digitalization. This trend is reinforced by a growing will-
ingness to adopt external knowledge, depending on the organizational
culture’s openness to new technologies, change, and transformation [7]
- a key factor for adopting digital technologies since the early stages of
digital maturity. In the subsequent stages, organizations need to accept
the risk of failure in new digital activities, combined with the
enhancement of internal digital expertise (e.g., with training).

Our results on the association between digital maturity and tech-
nology adoption reveal a complex relationship: while the use of basic
digital technologies is generally linked to higher digital maturity levels
this association does not hold for more complex technologies like
blockchain. Furthermore, it revealed that if technologies are unknown
the industry is less digital mature. As argued by Acar et al. [78], the
adoption of innovations, such as digital technologies, is met with
different types of constraints that prevent innovation from being
implemented. The authors show that time constraints are one of the
primary barriers to adopting innovations, as our findings confirm as
well. Thus, the hesitance and difficulty of organizations to become more
digitally mature can be largely explained by their limited time resources
and the complexity of their tasks. Additionally, the highly institution-
alized (and regulated) nature of the conformity assessment industry
presents unique challenges for the digitalization processes. Contrary to
previous literature [14,15], our findings did not identify the COVID-19
pandemic as a catalyst for digitalization. This might be due to the kind,
scope, and extent of digitalization efforts, which could be limited to the
implementation of basic digital technologies (incl., e.g., remote
methods), or the efforts have not yet been translated into higher digital
maturity.

6. Conclusions

In this study, we conceptualized, developed, and implemented a
digital maturity model tailored to the conformity assessment bodies
(CABs) to better understand the digital transformation of organizations
in this industry. The model is built upon an extensive literature review
and interviews, allowing for the identification of relevant success fac-
tors, capabilities, and resources to manage digital transformation. With
1447 organizations from 15 countries worldwide participating in the
survey, this study provides a broad empirical foundation to validate the
developed digital maturity model that other research on digital maturity
models often lack [3]. Furthermore, the adoption of specific technolo-
gies is linked to the different stages of digital maturity, which was also
not realized in other studies. We thus contribute both to the theoretical
and empirical literature on digital maturity in the CA industry, which
can be the base to be leveraged in other industries.

Our results show that the transformation process is just at the
beginning. Most organizations are still in an early/intermediate stage of
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digital maturity, focusing on digital technologies, not yet embracing
important managerial and strategic advancements, or adapting their
innovation and collaboration approaches. However, these are necessary
steps to advance digital maturity at a higher level. The adoption of
digital technologies is also still at a basic level, centered around mobile
and remote technologies, leaving advanced digital technologies and
applications like Al, Blockchain, or Big Data Analytics largely unex-
ploited. Our analyses highlight and provide evidence for the link be-
tween technology use and digital maturity.

The empirical implementation of the proposed digital maturity
model appears to suggest a linear path toward digital maturity, with
clearly defined stages and a linear path of transformation. This is
oftentimes criticized in digital maturity model literature (e.g., Ref. [3]).
We rather emphasize that it is not meant to represent a static template.
In fact, the stages differ across countries. Not taking into account
context-specific aspects would be an inadequate oversimplification. The
model and insights from it, however, do offer some guidance and may
well serve as an orientation and source of information for managers and
other decision-makers. Driving digital transformation forward is espe-
cially important in the CA sector, given its vital role in the economy and
sustainable development.

Our findings suggest that a higher digital maturity level is indeed
associated with an increased willingness to adopt external knowledge.
Therefore, future research might benefit from insights about approaches
to open innovation, e.g., considering insights and experiences from
technology providers but also integrating customers in the development
of digitalized services [72]. A methodological limitation lies in the single
source bias, e.g., the inherent subjectivity in the assessment by partici-
pants, despite all efforts to keep the items in the dimensions as objective
as possible. Here, further data sources should be considered, e.g., public
data about the implementation of technologies released on company
web pages [79]. A further limitation lies in the small sample sizes in
some countries. In addition, although all accredited CABs in the coun-
tries were invited, a bias toward those participants who are digital or
interested in digitalization can be assumed, while the more digitally
immature participants will remain undetected. Here, a non-response
analysis would have been appropriate, which was unfortunately not
possible because we had no access to the contact details of the targeted
organizations. Since the institutional framework relevant to CABs is

Appendix. Criteria

Technology in Society 77 (2024) 102564

quite different between countries, but also within countries, this factor
has to be considered because the use of specific technologies is regulated
quite differently in the EU compared to other countries. For example, in
countries with a quality level of the regulatory framework, standards
and the accreditation of certification bodies are less relevant than in
emerging economies that have not yet established mature and
well-functioning regulations. As technologies and the digital environ-
ment constantly change, the dynamic monitoring and further develop-
ment of the digital maturity model and assessing the adequacy of the
items and dimensions should be subject to future research.
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I Dimension: Strategy

Digitalization has a central place in our overall strategy.

U WN =

=]

I Dimension: Information Technology & Process Digitalization

We evaluate new technologies as well as changes in customer behavior to identify potential for digital innovation.

Our digital strategy is well documented and communicated.

We use key metrics to measure the implementation status of our digitalization strategy.

We have clearly defined the responsibilities for implementing the goals derived from the strategic consideration on digitalization.
We have defined a step-by-step implementation plan (Digital Roadmap) for achieving the goals.

7 We exploit the latest digital opportunities to automate our routine processes.

8 Our processes are already networked through IT.

9 We know the most important digital technologies and that they can have an impact on CA.

10 We invest in digital technologies throughout the CAB (e.g., for digital customer communication, process automation).

11 Our internal IT department (or our external service provider) can ensure the use of digital technologies relevant to our CAB.
12

Our employees are aware of Important rules of conduct for IT-Security and their compliance is regularly checked (e.g., through audits).

III Dimension: Customers

Most of the Interactions with our customers (e.g., advise, purchase conclusion and customer service) take place via digital channels.

13

14 The provision of services for customers, as well as customer care are digitally integrated, and personalized.
15 We systematically and specifically analyze customer needs in order to develop appropriate digital solutions.
16 Customer data is analyzed, and relevant actions are taken accordingly.

1V Dimension: Culture & Expertise

17 The understanding of the importance of digital transformation is pronounced within our CAB.
18 Our CAB is open to new technologies, change and transformation.

19 We have the right people and skills for a successful digital transformation.

20 We accept the risk of failure in new digital activities.

21

We promote the development of digital expertise through targeted training of our employees at all levels.

(continued on next page)
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(continued)
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I Dimension: Strategy

V Dimension: Organization & Change Management

22 Digital activities are integrated into the core processes of our CAB.
23 The goals of the digitalization within our CAB are defined and measurable.
24 We have an "early warning" process to identify new, relevant digital technologies or business models for us.
25 The digital transformation is managed on the basis of defined roles, responsibilities and decision-making processes.
26 We are able to react quickly to changes in the technological or market environment.
27 We have enough resources in our day-to-day business to drive digital innovation.
VI Dimension: Innovation
28 With digitalization, we open a new source of value creation.
29 We drive digital innovations forward systematically and purposefully.
30 We actively involve customers in the development of new digital innovations.
31 We have a clearly defined innovation process for the development, evaluation, and implementation of new ideas by employees and/or customers.
32 We generate competitive advantages through digitalization.
VII Dimension: Cooperation
33 We work across departments and functions on the topic of digitization.
34 We use exchanges with external experts to build up additional knowledge in the area of digitalization.
35 We collaborate effectively with stakeholders (e.g., customers, suppliers, competitors, scientific institutions) on digital initiatives.
36 In the field of digitalization, we maintain a partner network with external service providers, start-ups, or research institutions.
37 We undertake actions (e.g., workplace concepts) that support employees in collaborating effectively.
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