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This study presents a comparative analysis of survey data collected from 124
companies in the German chemical and pharmaceutical industry in 2020 and
2025. The findings reveal a clear upward trend in digitalization: in 2025, 91%
of companies rated digitalization as “relevant” or “very relevant”, up from
75% in 2020. Over this period, digital initiatives shifted from a focus on basic
IT infrastructure and communication tools to a more consistent integration of
artificial intelligence (AI). The adoption of Al grew substantially, with active
use expanding from 34% of companies in 2020 to 76% in 2025. Generative
Al tools, such as ChatGPT and customized enterprise assistants, are
increasingly embedded in daily operations, particularly in large firms and a
rising number of SMEs. Al's relevance is highest in research & development
and customer service, likely reflecting new generative AI capabilities.
Main obstacles to Al shifted from organizational and budget issues in 2020
to technical and regulatory challenges, particularly IT security, in 2025.
Mid-sized companies (50-999 employees) report the greatest difficulties in
keeping pace with digital transformation. Overall, the sector is transitioning
from isolated pilot projects to broad, multi-functional use of Al technologies.

Introduction

The chemical and pharmaceutical industries are undergoing  Vora, 2023; Maharjan, 2023), production (Womack, 2020;
Kulkov, 2021; Chiang, 2022; Laska, 2023; Maharjan, 2023;
Konrad, 2024), supply chain management (Womack, 2020;
Kulkov, 2021; Chiang, 2022; Laska, 2023; Konrad, 2024),

rapid digital transformation, driven

data

by advances in

automation, analytics, and increasingly, artificial

intelligence (Al). Al applications have moved beyond niche

uses in process optimization and forecasting to become
integral tools in day-to-day business operations. The broad
potential of Al in these sectors is well established (Henstock,
2019; Baum, 2021; Mowbray, 2022; Womack, 2022; Laska,
2023; Toniato, 2023; Konrad, 2024; Ananikov, 2024). Key
areas of application include research and development
(Ulbrich, 2021; Womack, 2020; Laska, 2023; Konrad, 2024),
drug development (Mak, 2018; Kulkov, 2021; Patel, 2022;

sales and customer service (Womack, 2020; Kulkov, 2021;
Konrad, 2024), regulatory affairs (Walsh, 2021), sustainable
chemistry (Toniato, 2023), quality assurance (Kulkov, 2021;
Laska, 2023), and innovation in start-ups (Dreiling, 2025).
of Als
comprehensive research on its actual implementation and

Despite extensive documentation relevance,

changing significance over time remains limited. Existing
studies include a global survey of 400 executives in the

* Hochschule Fresenius University of Applied Sciences, School of Chemistry, Biology & Pharmacy, Limburger Str. 2, D-65510 Idstein,

thorsten.daubenfeld@hs-fresenius.de

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

vadis School of International Management and Technology)

139|203



JOURNAL OF
BUSINESS CHEMISTRY

chemical industry (Womack, 2020), qualitative interviews
with executives in pharmaceutical firms (Kulkov, 2021),
and sector-specific reviews (Chiang, 2022; Patel, 2022).
However, there is no systematic analysis focusing on the
German chemical and pharmaceutical industry.

This study addresses this gap by presenting and comparing
survey results from German chemical and pharmaceutical
companies in 2020 and 2025. The analysis covers company
demographics, digitalization strategies, adopted measures,
Al uptake and understanding, and perceived barriers to
implementation. By examining changes over time, the study
offers new insights into evolving trends and challenges in
digitalization and Al adoption within these sectors.

2 Methods

This study wuses a mixed-methods design, combining
quantitative and qualitative survey approaches to assess
the development of digitalization and artificial intelligence
(Al) in the German chemical and pharmaceutical industry.
Data were collected via standardized online questionnaires,
distributed to industry professionals in two survey waves, in

2020 and 2025.
2.1 Survey Design

The questionnaires covered three core areas: (1) company
and respondent demographics (industry sector, role, and
employee count), (2) digitalization practices and obstacles,
and (3) Al understanding, usage, and obstacles. Both closed-
ended
questions were used to ensure data depth and comparability.

(single-choice and Likert-scale) and open-ended

Closed questions assessed topic relevance and obstacles,
while open questions captured detailed experiences and
perspectives on digitalization and Al. Company size was
benchmarked against the categories defined by the German
Chemical

Industry Association (VCl) to assess sample

representativeness.

2.2 Sampling and Data Collection

Respondents included employees from companies of
various sizes, roles, and functions within the chemical and
pharmaceutical sectors. Recruitment took place through
professional and alumni networks, email invitations,
and LinkedIn outreach, targeting both SMEs and large
enterprises. Participation was voluntary and all responses

were anonymized.
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2.3 Data Processing and Analysis

Closed-ended responses were analyzed quantitatively using
descriptive statistics and visualized with bar charts. Open-
ended answers were grouped into thematic categories.
Results from the two survey waves were compared side
by side to identify trends and changes over time. This
comparative approach enabled analysis of key developments
and ongoing challenges in digitalization and Al within the
industry.

3 Results

3.1 Sample Characteristics

In the 2020 survey, 68 questionnaires were returned, with
66 completed and included in the analysis. In 2025, 81
questionnaires were returned, 57 of which were complete
and analyzed. The total number of companies in the sector
was 4,013 in 2020 (VCl 2022) and is currently (latest data
refer to 2023) around 2,000 (VCI 2024). Given the small
survey sample compared to the industry total, results should
be viewed as exploratory rather than representative.

We compared the distribution of survey respondents to
VCl employee size classes (Fig. 1). Both surveys included
companies of varying sizes. In 2020, respondents from the
50-249 and 1000+ employee segments were proportionally
similar to the sector average, but those from <50 employees
were overrepresented and those from 250-999 employees
underrepresented, potentially biasing results toward smaller
and larger companies.
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1000+
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Share 2023 (VCI)

7,0%

Share 2025 (Survey)

Figure 1 Comparison of the distribution of survey respondents by company size (number of employees) in 2020 (left, N=66) and 2025

(right, N=57) with the overall industry distribution according to VClI classification.

In the 2025 survey, respondents from companies with 1000+
employees were overrepresented compared to the industry
average, while the share from <50 employees was closer to
industry proportions. Respondents from the 50-249 and 250-
999 employee categories were underrepresented, though still
sufficient for analysis. This distribution (see Fig. 1) should be
considered when interpreting results, as it may introduce bias.

Survey 2020

Regarding industry sectors, both surveys showed similar
distributions (Fig. 2). Most respondents work in chemical
and pharmaceutical companies, including sectors such as
distribution and biotechnology/diagnostics. Other mentioned
sectors include plant engineering, consumer goods, coatings,

contract research, manufacturers/suppliers of additives/
auxiliaries, analytical service providers, and consulting.
Other

Diagnostics &
Biotechnology

Chemical distribution

®m Pharmaceutical
industry

m Chemical industry

Survey 2025

Figure 2 Distribution of survey respondents by industry sector in 2020 (N=66) and 2025 (N=57).
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Since most respondents work in the targeted industry
the this
considered valid for addressing the research question.

sectors, survey results for category are

A similar pattern is seen in the organizational positions
(Fig. 3).
in R&D, reflecting its importance in the chemical and

of respondents in both surveys Most work
pharmaceutical industry. Around 14-15% are in Marketing

and Sales, often covering technical sales and service in B2B.

9%

Survey 2020

7%
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Other relevant functions represented include management,
Quality Management (QM), and Production, covering key
stages of the value chain. The “Other” category includes roles
such as Procurement/Purchasing, Business Development,

Supply  Chain, Digitalization, Project Management,
Product Stewardship, and Application Engineering.
The respondents’ positions in both surveys are both
comparable and relevant to our research question.
Other
Production

Quality Management

Managing Director / Founder

m Marketing / Sales

B Research and Development

Survey 2025

Figure 3 Distribution of survey respondents by organizational position in 2020 (N=66) and 2025 (N=57).

3.2 Digitalization in the Chemical and Pharmaceutical
Industry

Digitalization is a prerequisite for Al. Therefore, we first
surveyed the status of digitalization in the chemical and
pharmaceutical industries. Figure 4 shows responses to the
question: ,How relevant is digitalization in your company?”

Relevance of digitalization in the company

Hvery relevant  mrelevant less relevant M not relevant

Total 2025 40% | 51% N =47

Total 2020 31% 44% N =64

1000+ (2025) N=31

1000+ (2020) 38% 50% F N=34
250 - 999 (2025) N=5
250 - 999 (2020) N=8
50 - 249 (2025) N=7
50 - 249 (2020) N=9
<50 (2025) 50% \ 50% N=4

<50 (2020) 8% | 38% N=13

Figure 4 Relevance of digitalization in the 2020 and 2025 surveys. Total numbers and breakdown by company size.
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The results show that digitalization was already highly
relevant in 2020, and its relevance has increased since then.
This reflects a clear awareness of digitalization’s importance
and suggests that the digital competence of companies
has grown. This trend may have been accelerated by the
Covid-19 pandemic - the 2020 survey (February-June
2020) took place during the first lockdown — as well as the
introduction of large language models (LLMs) since 2022.
Breaking down these findings by company size provides
further detail (Fig. 4, lower part). The increased importance
of digitalization was observed across all size categories, with
the exception of companies with 250-999 employees, where
there was a slight decrease. In the 2025 survey, digitalization
was not rated as ,not relevant” by any respondent, which
highlights its growing significance.

The relevance of digitalization has especially increased in
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small companies (<50 employees) and large corporations
(1000+ employees). For companies with 50-999 employees,
digitalization is somewhat less prominent but remains

important. While digitalization’s importance decreased
with smaller company size in 2020, the results from 2025
present a more nuanced picture. Nonetheless, it aligns with
studies showing that SMEs are generally less advanced in
digitalization than larger companies (Fraunhofer ISI and IW
Consult, 2024), although those studies were not focused
specifically on the chemical and pharmaceutical industry.

to ,What concrete

Analysis of open-ended responses

measures related to digitalization have already been
implemented in your company?” provided further insight
(Tab. 1). The data in Table 1

carefully, since categorizing open-ended responses relies

should be interpreted

on subjective judgment. However, this overview offers an

indication of the relevance of individual topics.

Table 1 Classification of open-ended responses to the question “What concrete measures related to digitalization have

already been implemented in your company?”.

Number of

answers
Category in Survey

2020

,Establishment of a

digitalization group
Organization &
1(0.9%) in production with a
Strategy

strategic budget and

harmonization mandate”

JIntroducing Office 365

IT Systems &
18 (17.0%)
Infrastructure

Lmplementation of SAP”

“Establishment of a

central data warehouse”

“Introduction of a data
Data Management
14 (13.2%) lake for individual
& Analytics

departments”
“Key Word search in

laboratory journals”

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-
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Exemplary Answers

from Survey 2020

and working with Teams

Number of
Answers Exemplary Answers from Survey
in Survey 2025

2025

“The position of Chief Digitalisation
Officer was established”

7 (8.0%)
“Integration of digitalization goals into

"

the target agreements of each employee

“Own IT team with extensive
programming skills, programming
own programs to meet individual
requirements”
12 (13.8%) “SAP S4/Hana as a central ERP with
connection/integration of all processes
in the company”
“Introduction of MES”

“Consolidation of digital tools”

“Database completely in the cloud”

“Consolidation of the many Excel digital

laboratory journals worldwide”
9(10.3%)

“Access to current and historical

information on production data, quality

data and their visualization”
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Number

of
Category answers
in Survey

2020

Process
Digitization & 20 (18.9%)
Automation
Communication &
19 (17.9%)

Collaboration

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

Number
of
Exemplary Answers
Answers
from Survey 2020 .
in Survey

2025

“Paperless office
(partially)”
“Automation of simple
processes”
“Conversion from
19 (21.8%)
,manual’ processes,
e.g.in accounting or
in production/quality
management, to digital

processes”

“Introducing Office 365
and working with Teams”
“Elimination of
telephones, purchase of
tablets (also for use in the
laboratory), most training
courses are conducted
via an online training
portal, etc” 9(10.3%)
“Digital communication

platform for all

employees (even

those without an email

address)”

“All employees can work

from home independently

of other infrastructure”

vadis School of International Management and Technology)
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Exemplary Answers from Survey 2025

“Digitization of signatures and document
filing, administrative processes for invoice
processing and contract management”
“Digitization of all documents relevant to the
employee (e.g. digital proof of earnings)”
“Digitalization has been completely
implemented”

“The company is completely digital.
Docusign, cloud storage, all MS tools, and
proprietary Al solutions. Everything is in

place’

“Conversion of employee working methods
to Office365"

“Use of online meetings and thus mobile
working”

“Investment in high-quality home office

equipment for employees to work remotely”
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Number of
answers

Category

in Survey

2020

Number of
Exemplary Answers from Answers
Survey 2020 in Survey

2025
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Exemplary Answers from
Survey 2025

Customer
Management, Sales 14 (13.2%)

& Marketing

Production

Digitization & Smart 11 (10.4%)

Manufacturing

Al, Innovation &
3(2.8%)
Research

Other/
6 (5.7%)
No Measures

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

“Data integration in the supply
chain from ordering through
production and storage to
delivery to the customer and
the payment process”
“Introduction of CRM system”
“Standardization of the
ordering and sales system” 5(5.7%)
“Introduction of a large-

scale customer relationship
management system to

better manage the large
number of customers and
obtain data from customer

behavior”

“(Higher) automation

of production facilities,
e.g.,augmented reality’,
predictive maintenance’
“Partial digitalization of

1

production facilities
6 (6.9%)

“Smart production facilities”

“Introduction of augmented

reality in production”

“Direct interface between

CRM and production

planning”

,Use of Al to analyze complex
17 (19.5%)
data sets (texts, numbers)”

,When it comes to
digitalization, we are still at 3 (3.4%)

the very beginning”

vadis School of International Management and Technology)

“Digital sales team, digitalization
of order management through
appropriate tools in the customer
service area”

“Big Commerce Webshop, Digital
Marketing and Augmented Reality

based Service support”

“Use of autonomous vehicles for
freight transport”
“Machine connection, MES

deployment”

"

“Implementation of an in-house Al
chatbot”

“Use of Al in the research and
development of new drugs”
“Development of your own Al

tool or modification for various
applications (sales, research,
operations, etc.)”

“Development and implementation

of own Al solutions”

JVirtually none. The digitization of
reports is not well thought out, and

Alis used as a toy."
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In 2020, most digitalization measures taken by companies
focused on establishing IT infrastructure, improving internal
and external communication, process and production
automation, and data analytics. This is not surprising, given
the chemical and pharmaceutical industries’ traditional
focus on process optimization, which makes digitalization
in production and automation a logical step. The emphasis
on communication can also be attributed to the timing of the
survey, conducted during the first Covid-19 lockdown, when
virtual communication - both internally (among employees)
and externally (with suppliers and customers) - became

essential.
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The 2025.
While IT systems and infrastructure, data management and

landscape changed in

analytics, and process digitization/automation remained
important, communication was mentioned less frequently
than in 2020. This likely reflects the normalization of virtual
communication and reduced necessity compared to the
lockdown period. Notably, “Al, Innovation & Research”
emerged as one of the most prominent topics in 2025,
whereas it was only sporadically mentioned in 2020. This
is particularly striking because the questionnaire did not
explicitly prompt respondents to discuss Al.

When respondents rated predefined digitalization topics, an
increase was observed across all areas (Fig. 5).

Relevance of digitalization topics in the company

W very relevant  ® relevant less relevant MW not relevant
IT security and data protection (2025) N=43
IT security and data protection (2020) 71% 23% N =66
Creation and maintenance of databases (2025) N=43
Creation and maintenance of databases (2020) 65% 22% EN=65
Analysis of large amounts of data (2025) 60% 35% 2 N=43
Analysis of large amounts of data (2020) 51% 31% T N=65
Harmonization of IT systems (2025) EN=42
Harmonization of IT systems (2020) 45% 36% EAN=66
Cloud Computing (2025) 38% 48% T N=42
Cloud Computing (2020) 25% 41% N =56
Use of machine and deep learning (2025) 42% \ 42% EA N=43
Use of machine and deep learning (2020) 21% 29% N=63
Simulation and Modeling (2025) 37% | 40% N =43
Simulation and Modeling (2020) 26% 36% BT N =61

Augmented and Virtual Reality (2025) BEZ 40% N =43
Augmented and Virtual Reality (2020) N =59

Figure 5 Assessment of relevance of digitalization topics in the 2020 and 2025 surveys.
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All specified topics were rated at least moderately relevant —
at least 40% of respondents assessed them as “very relevant”
or “relevant” - and most topics reached high relevance, with
over 70% of respondents giving these ratings in the chemical
and pharmaceutical industries. Importantly, all topics have
become more relevant since 2020 (dark green and green
bars in Fig. 6). IT security and data protection ranked
highest in relevance, likely reflecting the impact of European
legislation such as the GDPR (DSGVO), in effect since 2018.

Topics directly or indirectly related to analytical Al also
increased substantially in relevance. This is most notable
in the rising importance of machine and deep learning
between 2020 and 2025. These technologies require large
data volumes stored in databases — on local servers or in
the cloud - which is reflected in the growing relevance of
these topics. The increased relevance of harmonizing IT
systems, a prerequisite for efficiently creating company-
wide data lakes, is consistent with these trends.

Augmented and virtual reality were rated least relevant
overall but held greater importance in large companies
(1,000+ employees), with about 60% rating them as “very
relevant” or “relevant” in 2020 and 80% in 2025; however,
SMEs saw these topics as less important. Further research
is needed to better understand this observation.

The
pharmaceutical companies are similar in both 2020 and 2025

obstacles to digitalization in chemical and
(data not shown; details are provided in the supplementary
materials). The main challenge continues to be the complex
change process associated with digitalization. This includes
(a) a lack of mindset, where employees may not recognize the
necessity for change, (b) a lack of strategy and coordination,
suggesting that management does not always provide clear
direction, and (c) a complex change process, even once
the need for change is acknowledged by both employees
and management. Additional obstacles identified include
limited budgets and resources, as well as insufficient skills
to facilitate and support the change process.

The complexity of the IT landscape is also frequently
mentioned as a major obstacle. Harmonizing IT systems
proves difficult, especially when companies use a variety of
incompatible systems for functions such as accounting, HR,
and CRM.
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When comparing the survey results from 2020 and 2025, it
appears that implementation-oriented obstacles — such as
lack of skills and the complexity of the change process —
have become more significant, while foundational issues
like lack of mindset and limited budgets or resources are
less prominent. This may indicate that companies in the
chemical and pharmaceutical industries are progressing
towards the practical implementation of digitalization and
are moving beyond preliminary debates.

and

3.3 Atrtificial Intelligence in the Chemical

Pharmaceutical Industry

Before exploring the use of Al in chemical and pharmaceutical
companies, survey participants were asked, “What do you
understand by artificial intelligence (Al)?" This question
aimed to assess whether respondents had a thorough
understanding of the topic or only a superficial view. The
results are presented in Table 2.
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Table 2 Classification of open-ended responses to the question “What do you understand by artificial intelligence (Al)?".

Category

Data analysis,
Pattern
recognition &

prediction

Process
Control &
Decision

Support

Creation of

new content

Replicating
Human

Intelligence

Number of
answers
in Survey

2020

15 (26.3%)

16 (28.1%)

0 (0.0%)

8 (14.0%)

Number of

Exemplary Answers from Survey

“An algorithm that can learn from
known data and use it to create a
forecast for the future”

“A method for evaluating large 9 (25.0%)
amounts of data (analytics)”

“Predicting product quality using

process parameters”

“Software learns the behavior of the
person operating it and automates
processes in the future without the
intervention of an operator”

“That a system with unpredictable
situations, without intervention of a
third party, independently assesses 3(8.3%)
a situation and adapts its approach
so that the task implemented in the
system is completed as specified”
“IT systems that help evaluate

data and support users in making

decisions or make them alone”

4(11.1%)

“Automation and replication of
intelligent behavior”

“The attempt to transfer human
behavior (especially learning, thinking, 7 (19.4%)
reasoning) to,machines’

“Introduction of human-like

machines”

Answers
2020 in Survey
2025

Exemplary Answers from
Survey 2025

“A technology that is capable

of processing large amounts of
information (including graphic
information) from a wide variety
of sources and preparing it
according to human requirements
in order to then use it further itself
or make it usable by humans”
“The ability to use large amounts
of data with the help of models
and large computing capacity to

predict/model new facts”

“Beyond the mere evaluation of
large amounts of data, decisions
can also be formulated”

“Decision support through
machine learning, suggestions for

decision making”

“A very large database that can
independently solve problems and
produce its own content based on
the stored data”

“Independent reaction to a defined

input (text, components, data)”

“Machines that can imitate human
thinking”

“Human-like abilities such

as learning, problem-solving

and decision-making through
algorithms and data processing”
“By Al | understand the ability of
machines (software) to show

human-like intelligence”
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Number of
answers

Category

in Survey
2020

Number of
Exemplary Answers from Answers
Survey 2020 in Survey

2025
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Exemplary Answers from
Survey 2025

Self-learning and

9 (15.8%)
evolving systems
Tool / Software 3(5.3%)
Unclear / Wrong 4 (7.0%)
Other 2 (3.5%)

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

“Programming that can do
more than what it's been
taught. A self-learning
system.

“A computer that has

the ability to expand its
knowledge and skills through 2(6.6%)
learning.”

“Programs that work
independently and learn
and develop from the work

carried out”

,Support of ongoing work
through automatic digital
evaluations and rapid 6 (16.7%)
dissemination of information

to all employees who need it”

“Robot”
“For me, Al is an industry
buzzword used by people
4(11.1%)
who cannot better describe
the nature of the algorithm

they use”

,There is no such thing as
artificial intelligence. There
are algorithms that, through
1(2.8%)
intensive learning’, can
sometimes solve certain

tasks better than a human.”

vadis School of International Management and Technology)

A system that can not only execute
learned processes/tasks, but
can also develop further through

independent learning”

“LLM like ChatGPT”

“Quick help with some topics”

“A very large database that is,fed’
with information by people”
“The automated processing of data

using the knowledge of the WWW*

I usually use the external
definitions rather than coming up

with my own”
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It is evident that most survey participants had a well-
informed and nuanced understanding of Al in both the 2020
and 2025 surveys. The most prominent responses in 2020
related to key areas of Al application, such as “Data analysis,
Pattern recognition & prediction” and “Process Control &
Decision Support” While data analysis remained the leading
answer in 2025, process control and decision support were
mentioned less frequently. Notably, the category “Creation of
new content” appeared only in the 2025 survey, likely due to
the growing presence of generative Al, such as LLM-based
systems. Similarly, a larger proportion of responses in 2025
focused on specific software or tools, reflecting greater
familiarity and hands-on experience with Al, as generative
tools have become more widely used both professionally
and privately.
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The category “Self-learning and evolving systems,” though
not an incorrect definition, is rather vague, and its relative
importance declined from 2020 to 2025 as Al became more
mainstream. However, some unclear or incorrect notions
of Al persist, as indicated by this category in both surveys.
Overall, the answers confirm that survey participants
generally have a sound understanding of Al, which supports

the validity of the study’s results.

When asked whether Al is used in their company, participants
reported a clear shift towards more intensive Al adoption in
2025 compared to 2020 (see Fig. 6).

Use of Al in the company

HYes

Total (2025) 76%

Planned ENo

ol N=41

Total (2020) N =61
1000+ (2025) N=26
1000+ (2020) 48% 35%

250 - 999 (2025) 40%

=z
n

w

—_—

20% N=5

250 - 999 (2020) -
50 - 249 (2025) N=6
50 - 249 (2020) =10
<50 (2025) N=3
<50 (2020) =13

Figure 6 Visualization of results to the question “Is Al used in your company?’, 2020 and 2025. Total numbers and

breakdown by company size.

In 2025, most companies either already use Al or plan to do
so in the future. This marks a stark contrast to 2020, when
only about one third of companies had implemented Al and
more than half of survey participants indicated that Al usage
was not even planned within their organizations. While some
bias cannot be ruled out - such as different awareness
levels among respondents depending on their position (e.g.,
an R&D employee may not know of management-level Al
initiatives) — the significant increase in positive responses
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in 2025 compared to 2020 demonstrates that Al has firmly
established itself in the chemical industry.

This upward trend in Al adoption since 2020 is reflected
across different company sizes, although the situation is
more nuanced. Al uptake is particularly high among large
companies (1,000+ employees) and small companies (<50
employees), while companies in the 50-999 employee range
appear to lag behind in terms of actual implementation.
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Despite their plans to use Al in the future, these mid-sized
companies have not adopted Al to the same extent yet.

Survey participants were then asked, “How exactly is Al used
in your company?” (data not shown; details are provided in
the supplementary materials). In 2020, Al initiatives were
primarily limited to individual pilot projects or focused on
automating repetitive tasks, especially in the areas of data
analysis and forecasting. Some applications in research and
development were also mentioned. By 2025, the landscape
had evolved significantly: generative Al became a major
driver of adoption within chemical and pharmaceutical
companies.

Vol.22, Iss.3, October 2025

URN: urn:nbn:de:hbz:6-91948467421
DOI: 10.17879/91948465351

Solutions such as ChatGPT, Copilot,

GPTs, assistants, and chatbots were either firmly integrated

company-specific

into daily operations or actively tested and implemented.
Alongside its “traditional” role in data analysis, Al is now
increasingly regarded as a tool for supporting work and
expanding communication - for example, in marketing.

We complemented this analysis by asking, “How relevant is
the use of Al along the value chain in your company?” and
specifying individual steps within the corporate value chain.
The results are presented in Figure 7.

Relevance of Al along the value chain

Hvery relevant M relevant less relevant M not relevant
Research & Development (2025) 55% 30% T N=40
Research & Development (2020) 27% | e N=52
Customer Service (2025) 41% 38% T N=39
Customer Service (2020) 28% 23% N=53
Transport & Logistics (2025) 33% 38% N =239
Transport & Logistics (2020) 29% 38% N=56
Marketing & Sales (2025) 35% 33% N =40
Marketing & Sales (2020) 30% 33% N=54
Production (2025) 25% 40% N =40
Production (2020) 31% | 31% N=55
Value-enhancing transformation (2025) 18% 46% T N=39
Value-enhancing transformation (2020) N =47
Procurement of raw materials (2025) N=39
Procurement of raw materials (2020) N=53

Figure 7 Visualization of results to the question “How relevant is the use of Al along the value chain in your company?’,

2020 and 2025.

It is evident that Al is relevant to all the mentioned steps
in the value chain, with at least 50% of survey participants
in both 2020 and 2025 rating all steps as “very relevant” or
“relevant” The greatest increase in relevance was observed
in Research & Development (+25 percentage points for
“very relevant” or “relevant”) and Customer Service (+29
percentage points). These two areas are where generative
Al is expected to have the highest impact, which also aligns
well with the results shown in Table 4. For all other value
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chain steps, there is a slight overall increase in the importance
of Al, although the 2025 results are similar to those from
2020. This may be explained by the fact that most of these
steps are related to the direct material flow within the
company and are thus more closely tied to the production
process. In these areas, analytical Al is expected to play a
larger role than generative Al. It is likely that analytical Al was
already widely adopted in the chemical and pharmaceutical
industry by 2020, which could explain the lack of major
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developments in these areas over the last five years. In the survey, “future” referred to the year 2025 for the 2020

survey and the year 2030 for the 2025 survey, which enabled
We then asked survey participants, based on the current use  us to compare the 2020 forecast with the actual results from
of Al, “How relevant are the Al topics listed below for your  the 2025 survey. The results are shown in Figure 8.
company now compared to the future?” The topics included
a range of Al-related areas such as “predictive analytics,
“intelligent automation,”and “knowledge management.”

Quality control Intelligent Automation Voice assistants/chathots
90% 8% 9% 100% 91% 100% --_?li?-‘:_-_
80% S 90% B i 90% :
] i
0% E 80% ""‘""': 80% 74% E
0% | % 70% % 1% 70% e i
60% 60%
50% ATH pemmmmen i
50% 50% &
40% [}
40% 40% i
30% . 0 26% E
20% 20% 20% L
i
10% 10% 10% t
1
0% e ——— 0% Lommeed celnonm. oy WE— @ L
2020 2025() 2025 2030 (P) 2020 2025(p) 2025 2030(P) 2020 2025(p) 2025 2030 (P}
Knowledge management Optimized resource management Intelligent assistance systems
100% 4% 100% 100%
. oL 8% 2k
90% ) 90% 0%
1
0% 1o 0% e 80% 4%
0% 70% % 0% T g 67%
60% —53% 0% 5% 0%
50% 50% 50%
40% 20% i 38%
30% 30% 30%
20% 20% 20%
10% 10% 10%
o — A— 0% Tm— r—— 0% — A—
2020 2025(p) 2025 2030(P) 2020 2025(p) 2025 2030 (P) 2020 2025(P) 2025 2030 (P)
Predictive Analytics
%% ) 85%
80% "
70% | 66%
% 5%
50%
40%
30%
20%
10%
o T SSSLSE o e
2020 2025(p) 2025 2030(P)

Figure 8 Visualization of results to the “How relevant are the Al topics listed below for your company now compared to
the future?’, 2020 and 2025. The dark green bars correspond to current values in 2020 (bar on the left) and 2025 (bar on
the right). The light green bars with the dashed line correspond to the forecast of the 2020 survey (bar on the left) and the
forecast of the 2025 survey (bar on the right).
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The relevance of all Al-related topics listed in the questionnaire
increased between 2020 and 2025. The largest increases
were observed for topics related to or influenced by
generative Al, such as voice assistants/chatbots, intelligent
assistance systems, and knowledge management. For
voice assistants and chatbots specifically, participants in
the 2020 survey underestimated the actual relevance of this
topic by 18 percentage points. However, participants in the
2020 survey generally overestimated the relevance of Al for
most other topics, particularly those related to material flow,
production, or analytical Al with a focus on well-structured
data (including intelligent automation, optimized resource
management, predictive analytics, and quality control). This
may reflect the inherent challenges in further optimizing
production processes, where Al can certainly assist, but is
often just one tool among several.

We further observe that participants in the 2025 survey
expect the importance of most of these topics to increase
markedly by 2030. The estimated increases for most topics
are similar in magnitude to those predicted for the period
2020-2025. Based on the comparison between the 2025
forecast and actual data, we speculate that the actual

increase by 2030 may not fully match these expectations.

To gain a better understanding of the obstacles to further Al
implementation in companies, we asked survey participants
the open-ended question, “What obstacles do you see for
the use of Al in your company?” (data not shown; details are
provided in the supplementary materials).
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Analysis of the open-ended responses indicates that all
categories previously identified as obstacles to digitalization
were also considered barriers to Al adoption. Six additional
categories specific to Al were mentioned: (1) IT security/
data protection, (2) lack of trust/control, (3) insufficient
digitalization, (4) lack of data, (5) missing knowledge about
applications, and (6) not in line with company philosophy.
Interestingly, the latter two categories were absent from
the 2025 survey results, which may be attributed to the
rise of generative Al since 2022. This shift appears to
have prompted more intensive engagement with Al within
companies, leading to sufficient knowledge regarding its use
(at least for generative Al) and a changing perception — Al is
no longer seen as an “impurity”, to use a chemical term, in
company philosophy, though it has certainly not yet become
a core part of every company’s identity.

The
participants in 2025 was IT security and data protection.

most prominent obstacle reported by survey
This points to an increased sensitivity around balancing the
need to protect confidential information with the large data
requirements of Al applications. This heightened awareness
is further reflected in the emergence of the category ,lack

of trust/control” in 2025, which was not mentioned in 2020.

We complemented this analysis by asking the question,
,How relevant are the following obstacles for the use of
Al in your company?” and specifying different topics we
anticipated would be relevant in this context. The results are
presented in Figure 9.

Relevance of obstacles for the use of Al in the company

W very relevant relevant

IT security/data protection (2025)
IT security/data protection (2020)

Lack of know-how (2025)
Lack of know-how (2020)

Lack of skilled workers (2025)
Lack of skilled workers (2020)

Lack of data basis (2025)
Lack of data basis (2020)

Insufficient quality of the data (2025)
Insufficient quality of the data (2020)

Lack of digital maturity in the company (2025)
Lack of digital maturity in the company (2020)

Limited financial resources (2025)
Limited financial resources (2020)

Lack of acceptance (2025)
Lack of acceptance (2020)

less relevant ® not relevant

A N =39
| 2a% | T N =58
EA N =40

37% EAN=62
A N =40
I N=62
| 2s% | BEET N = 40
| 20% | EZ N =59
| 20% | B N =38
&2 N =58
[ 5% EEECTE N = 40
N =62
BT N = 38
EA N =58
| 23% | IEE N =39
T T2 N =58

Figure 9 Visualization of results to the question “How relevant are the following obstacles for the use of Al in your

company?”,2020 and 2025.
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According to survey participants, all of the specified
topics are obstacles for the further expansion of Al within
companies. IT security and data protection was identified
as the most significant obstacle, with 88% of respondents
stating it was very relevant or relevant. Notably, the
importance of this obstacle has increased by 28 percentage
points since 2020. Other categories, while still important,
have generally remained at a similar level or decreased
slightly when considering the combined “very relevant” and
“relevant” responses. Most interestingly, there was a modest
decrease in the obstacles “lack of acceptance” (from 77%
in 2020 to 64% in 2025) and “lack of digital maturity in the
company” (from 84% in 2020 to 65% in 2025).

Companies with <50 employees

Lack of acceptance

IT security/data
protection

Limited financial
resources

N Lack of digital
¢ maturity in the

7 =-==2020
Lack of know-how [}

\ — 7025
\ ,' company
‘.
Lack of skilled o\ A1 Insufficient quality
workers of the data
Lack of data basis
Companies with 250 - 999 employees
Lack of acceptance
IT security/data Limited financial
protection resources
Lack of digital - 2020
Lack of know-how ) maturity in the
company —2025

Lack of skilled
workers

Insufficient quality
of the data

Lack of data basis
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This aligns well with the results shown in Table 1 and

the observation that companies have increased their
digitalization efforts since 2020, likely influenced by the
Covid-19 pandemic as well as the gradual adoption of

generative Al.

When examining the obstacles by company size (see
Fig. 10), we observe that companies with fewer than 50
employees considered most obstacles less significant in
2025 compared to 2020. For companies with more than
1,000 employees, the average assessment of individual
obstacles remained largely unchanged between 2020 and
2025, with a slight increase reported for “IT security/data
protection” and a slight decrease for “lack of digital maturity
in the company.”

Companies with 50 - 249 employees

Lack of acceptance

Limited financial
resources

IT security/data ~

. N
protection

S
. Lackof digital - 2020
Lack of know-how ) maturity in the
P company —2025
’
Lack of skilled Insufficient quality
workers of the data
Lack of data basis
Companies with 1000+ employees
Lack of acceptance
IT security/data Limited financial
protection resources
N\ Lack of digital - 2020
Lack of know-how ) maturity in the
— 2025

4 compan
/] pany

Lack of skilled
workers

Insufficient quality
of the data

Lack of data basis

Figure 10 Share of answers with “very relevant” and “relevant” of total number of answers to the question “How relevant are
the following obstacles for the use of Al in your company?” for different company sizes, 2020 (dashed line) and 2025 (solid

line).
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Companies with 50-999 employees considered most
obstacles to be more important in 2025 compared to 2020,
particularly regarding financial resources, lack of skilled
workers/know-how, and a lack of sufficiently high-quality
data. They also reported that IT security/data protection had
increased in importance. Conversely, lack of acceptance
was less of an obstacle in 2025 than in 2020.

Comparing the results between company sizes shows that
the pattern in 2020 was quite similar across all companies

(see Fig. 11).
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Although there are some deviations from the average, the

overall pattern remains comparable between different
company sizes. We believe this may be due to the fact that,
in 2020, Al applications were primarily focused on process
optimization, process automation, and data analysis -
activities that are central to chemical and pharmaceutical
companies. It is therefore not surprising to see a similar
assessment across companies of different sizes during that

period.

2020

Lack of acceptance

IT security/data protection

Lack of know-how

Lack of skilled workers

Lack of data basis

Limited financial resources

Average 2020

—<50
Lack of digital maturity in the
company

s 50 - 249
— 250 - 999
s 1000+

Insufficient quality of the data

2025

Lack of acceptance

IT security/data protection

Lack of know-how

Lack of skilled workers

Lack of data basis

Limited financial resources

Average 2020

—50
Lack of digital maturity in the
company

w50 - 249
em— 250 - 999
e 1000+

Insufficient quality of the data

Figure 11 Comparison of “obstacle pattern” between different company sizes from survey 2020 and 2025.

When looking at the results of the 2025 survey, we observe
a greater variation in the assessment of obstacles between
companies of different sizes. Companies with fewer than
50 employees and those with more than 1,000 employees
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reported a comparable or even lower relevance for most
obstacles. In contrast, companies with 50-999 employees
appear to face greater challenges in adopting Al.
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4 Discussion
4.1 Evolution of Digitalization and Al Adoption

Results show a steady rise in the use and importance of
digital technologies. By 2025, 91% of companies rated
digitalization as “relevant” or “very relevant’, up from 75%
in 2020. This reflects broader industry trends catalyzed by
the Covid-19 pandemic and improved digital infrastructure.
Al adoption also increased markedly, from 34% to 76%,
indicating a shift from pilot projects in analytics and
automation to broad integration of generative Al tools. Al is
now seen not only as a tool for data analysis, but increasingly
as a facilitator of everyday tasks and communication. These
findings match previous reports of widespread Al use in the
sector (Chiang, 2022; Patel, 2022).

4.2 Trajectory and Momentum: Short-term Overestimation
and Long-term Potential

The survey reveals that respondents in 2020 overestimated
the short-term operational impact of several Al topics for
2025. This pattern is consistent with Amara’s Law: “We tend
to overestimate the effect of a technology in the short run
and underestimate the effect in the long run” (Amara, 2007).
The underlying tendency for experts to misjudge technology
adoption rates is well documented (Rahal et al., 2021; Naudé,
2021; Bonaccorsi et al, 2020) and highlights persistent
cognitive biases in technology foresight. Early predictions
about Al
automation, resource, and knowledge management were

relevance in areas like predictive analytics,
only partially realized; meanwhile, disruptive generative Al
applications, barely considered in 2020, have become central
by 2025. These findings suggest that current forecasts for
2030 may also be overestimated, underscoring the need for

ongoing, data-driven monitoring of technological trends.

4.3 Sectoral Differences and the “Mittelstand Challenge”

A key finding is the heterogeneity of digital and Al adoption
by company size. Large enterprises and some small firms
(<50 employees) show advanced digitalization and Al use,
(“Mittelstand”,  50-999
employees) lag behind and face more obstacles, including

while medium-sized companies
limited financial resources, lack of qualified staff, data quality
issues, and technical challenges like IT security and system
integration. This aligns with previous research (Fraunhofer

ISl and IW Consult, 2024).
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The persistence - and in some cases intensification - of
these challenges suggests that the “Mittelstand’, a key part
of Germany’s industrial base, risks structural disadvantages
in digital transformation. Without action, this divergence
may reduce overall sector competitiveness and innovation.
Possible causes include budget constraints, shortage
of skilled workers, and lower strategic prioritization of
digital initiatives compared to larger corporations. If these
hypotheses hold, our findings highlight the need for targeted
support measures, best-practice sharing, and further
research to develop tailored solutions for medium-sized
companies.

4.4 Barriers to Further Implementation:

Organizational, and Cultural Factors

Technical,

The landscape of obstacles has shifted: while earlier barriers
focused on mindset, budgets, and digital literacy, by 2025
technical and organizational issues predominate. IT security
and data protection are now the leading concerns (cited by
88% of respondents), reflecting both the complexity and
data demands of advanced Al, and evolving regulations
such as DSGVO. Reluctance caused by lack of acceptance
or digital maturity is decreasing. Organizations seem to be
more ready to embrace digital change.

4.5 Implications and Future Directions

The sector is in transition: digitalization and Al have shifted
from isolated experiments to integrated, business-critical
roles, with generative Al — especially large language models
and assistants - acting as a major catalyst from 2020 to
2025, notably in R&D and customer engagement. Despite
progress, major barriers persist, particularly for medium-
sized enterprises, and expert forecasts remain vulnerable to

short-term overoptimism.

Ongoing empirical research is needed to track these trends
and challenges. Enhanced collaboration among industry,
academia, and policymakers is crucial to drive inclusive
digital
in the sector, we hope our results will prompt targeted

transformation. Given the importance of SMEs
support, upskilling, and practical solutions for overcoming
obstacles. Future studies - including a potential follow-up
in 2030 - will be important to validate forecasts and deepen

understanding of the ongoing technological change.
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Supplementary Material

This section contains detailed information about three open-
ended questions from the 2020 and 2025 surveys that are
not included in the main article:

1. “What major obstacles do you see in your company
with regard to digitalization?”

2. “How exactly is Al used in your company?”

3. “What obstacles do you see for the use of Al in your
company?”

This information complements the data in the main article
and the interested reader can find additional information on
the mentioned subjects.

Table S1 Classification of open-ended responses to the question “What major obstacles do you see in your company with
regard to digitalization?"

Number of Number of

answers Exemplary Answers from Survey Answers Exemplary Answers from

Obstacle : .
in Survey 2020 in Survey Survey 2025

2020 2025

~Acceptance in middel

management is a big issue” »Average age of the company
»Management level too old” is quite high, resulting
JThere is a lack of innovative in inflexible employees/

Lack of and open-minded people in colleagues and little

22 (22.0%) 6 (11.1%)

mindset the important positions in the willingness to embrace new
company” technology/digitalisation”
.The acceptance of the new ,Some older employees who
opportunities is very reluctant find it difficult to change.”

amony many older employees”

~Recruiting IT specialists”
»Acquisition of the

. required specialists for the
“Too few skilled workers”

Lack of skills 15 (15.0%) ,Lack of employee skills” 12 (22.2%)
~Shortage of skilled workers”

development of digitalization
tools”

JThere is hardly any staff
available to deal with
digitization issues”

“Keeping pace with dynamic

. “Distribution across multiple development is difficult for
Complexity . . . . .
locations leads to challenges in medium-sized businesses.”
of change 10 (10.0%) T 11 (20.4%) .
global structural digitalization.” “Transformation of work
rocess
g “Employee training (time, costs)” processes for employees over
the age of 50"
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Number of
answers
Obstacle :
in Survey

2020

Complexity
of IT
landscape

12 (12.0%)

Lack of
budget /
resources

20 (20.0%)

Lack of
strategy / 5 (5.0%)

coordination

External

13 (13.0%)
factors
Other 3 (3.0%)

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

Number of
Answers

Exemplary Answers from Survey

2020 in Survey

2025

“Very heterogeneous landscape
of IT tools”
“Avoid over-digitization (multiple
7 (13.0%)
programs for same task).”
“Harmonization of software

solutions.”

“Too high costs.”
“Diverting capital from ongoing
business.”
i 6(11.1%)
“Excessive costs for
implementation, maintenance,

repair, data backup.”

“No strategy for digitalization.”
o 5 (9.3%)
“Lack of coordination.”

“Bandwidth in some regions and
information security.”

. . ) 2(3.7%)
“The infrastructure in Germany is

poorly developed.”

“Non-network-capable analyzers.” 5(9.3%)
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Exemplary Answers from
Survey 2025

“Isolated solutions in the IT
landscape.”

“Complexity, number of
existing systems, many

interfaces”

“Limited own resources
(personnel and investment).”
“Own financial expenditure,
which must be made as an
advance payment.”

“Lack of coordinated process
management.”

“Uncertainty regarding
responsibilities.”

“Lack of leadership, no plan.’

“Many regulatory requirements
must be complied with!”
“Makes it difficult to
implement new ideas.”

“Processing large amounts of
data”

“Fast implementation without
long offline phases.”
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Application

Data analysis /
Forecast

Process
optimization /
Automation

Generative Al

Innovation / R&D

Marketing /
Communication

Other

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

Number of
answers

in Survey
2020

15 (62.5%)

5(20.8%)

0 (0.0%)

3(12.5%)

1(4.2%)

0(0.0%)

Table S2 Classification of open-ended responses to the question “How exactly is Al used in your company?”.

Number of

Exemplary Answers from
Survey 2020
2025

“Provision calculation”

“Analysis of big data

(images, texts, numbers)”

“Pricing, planning/ 0(0.0%)
forecast”

“Prediction of material

properties”

“Use for human
decision-making in raw
material procurement
i 4(11.1%)
based on extensive
data”“Improvement of

production processes.”

= 20 (55.6%)

“Structural analysis of
proteins.”

“Especially in research 4(11.1%)
and early development

(lead structure search).”

“E-mail marketing to
optimize the sending 3(8.3%)

time!”

- 5(13.9%)
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Exemplary Answers from Survey
2025

“Control of machines, systems,
vehicles!”

“Evaluation of defects on
components by a camera-

supported unit”

“ChatGPT for creating/
summarizing documents,
verifying theses.”

“Preparation of plans and
technical concepts.”

“Use of LLMs such as MS

Copilot and ChatGPT in software
development.”

“Company GPT based on
ChatGPT with internal data.”

“In R&D in software
development.”

“Development of predictive
computer models for recipe R&D."
“In the research and development
of new drugs.”

“Customer communication.”
“Generation of images, video
support e.g. for marketing.”
“In marketing when creating
posts, mailings, application
reports.”

“Across wide range of use cases,
all functions all businesses.”

“Al should be used as an assistive
technology!”

“Various activities, but still very
limited.”
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Table S3 Classification of open-ended responses to the question “What obstacles do you see for the use of Al in your

company?”.

Obstacle for Al

adoption

IT security / data
protection

Lack of budget /

resources

Lack of skills

Lack of trust /
control

External factors

Lack of mindset

ISSN 1613-9623 © 2025 Institute of Business Administration (University of Minster) and Center for Industry and Sustainability (Pro-

Number of

answers

in Survey

2020

1(1.8%)

10 (17.5%)

5 (8.8%)

0 (0.0%)

1(1.8%)

9 (15.8%)

Number of

Exemplary Answers from
Survey 2020

Security 9 (22.5%)

“Currently still associated
with high costs, to the
actual measurable
significant added value for
6 (15.0%)
the company”
“Balance sheet must be
correct, i.e. it must be

financially worthwhile”

“IT + Al capabilities are
not yet ‘melted’into the
company’s DNA”
6 (15.0%)
“Competence and
qualification of the

workforce”

- 5(12.5%)

“Regulatory requirements” 3(7.5%)

“The old management
level would have to be
convinced of the benefits
of digitalization”
“Lack of willingness of the
workforce”

3(7.5%)
“Key elements in
management do not
want to implement Al
consequences”
“People prefer to talk and
interact with people”

vadis School of International Management and Technology)

Answers
in Survey
2025

Exemplary Answers from
Survey 2025

-“We maintain very strict
confidentiality between our
clients and ourselves. This
ensures that client information
does not become common
knowledge”

“Protection of sensitive data”

“Lack of finances and human
resources for planning and
implementation”

“Personnel that can implement
Al"

“Digital skills of the workforce”
“Verification of the data and
information provided for their
validity”

“Al'is in the testing phase and
not yet very trustworthy for me”
“Missing control systems for Al”

“Regulatory requirements
require ‘Explainable Al”
“GMP regulations”

“Persistence of the
organization”

“To involve employees over 50
years of age”
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Number of
Obstacle for Al
adoption

answers
in Survey
2020

Complexity of
3(5.3%)
change process
Complexity of IT
ety 3(5.3%)
landscape
Insufficient
oo 2 (3.5%)
digitization
Lack of strategy /
o 9 4 (7.0%)
coordination
Lack of data 3 (5.3%)
Missing
knowledge about 8 (14.0%)
application
Not in line
with company 2 (3.5%)
philosophy
Other 6 (10.5%)
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Number of
Answers

Exemplary Answers from

Survey 2020 in Survey

2025

“It simply takes time to
translate current processes
into algorithms. Everyone 2 (5.0%)
handles tasks differently.

There's no recipe for success.”

“Too many different IT
1(2.5%)
systems”

“The current infrastructure
does not support the use
of Al

“Lack of basic

1(2.5%)

digitalization.”

“Lack of a group-wide
. 1(2.5%)
digital strategy.”

“Reliability of source data”
“Data quality as a basis for 1 (2.5%)

suitable Al models.”

“One hurdle is the lack of a
problem definition.”

“Too little knowledge about 0 (0.0%)
Al itself and its possible

applications”

“Al is not currently reflected
in the essence of the 0 (0.0%)

company'’s purpose.”

“Our products are
customized for each
customer, requiring a high
degree of specialization.” 2 (5.0%)
“Since these are chemicals,

the use of Al would be too

dangerous.”
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Exemplary Answers from
Survey 2025

“It must be constantly trained.”’

“Combining different
IT systems to integrate
information.”

“Missing foundations, e.g.
data classification and partial
lack of written/documented
knowledge’

“Expectations within company
are not aligned.”

“Preparation of the data so
that it can be processed
compliantly.”

“Language barriers within the
company (Korean-English-
German).”
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