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1. Introductory overview

In 1993, a university in Illinois published one of the first web browsers called
“Mosaic”. This browser contributed to the world wide web being adopted by
a broad user base. As a result, ten million people were already using the internet
in 1994 (Handelsblatt 2014, 2).

A lot has changed since then because digital technologies such as the internet
are completely integrated into people’s everyday lives. According to a recent study,
around 67 million people in Germany used the internet in 2022 on a regular basis
(Statista 2022, 4). Today, digitization encompasses many modern technologies, such
as cloud computing, big data, artificial intelligence, the internet of things, and many
others. It is therefore not surprising that these trends are being closely monitored
by businesses to generate competitive advantages by using these technologies or at
least to keep up with their competitors. The integration of new digital technologies
is leading to fundamental changes in the corporate world. The associated effects on
individuals and businesses are difficult to assess, diverse and subject to constant
change due to an elevated level of innovation (Dorow et al. 2023, 5).

If we focus on the operational function of controlling, drastic changes can be
observed in relation to digitization. In this context, technologies play a decisive
role as they transform the environment in which controllers operate and in which
their processes work. Thus, controllers will require a different skillset in the future
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and their role within a company will change. Consequently, they must accept the
adjustment of their tasks, business processes, and competences.

In this paper, the megatrend of digitization and the effects of selected tech-
nologies on controlling are examined. An overview of current controlling pro-
cesses, the role of controllers and selected technology trends of digitization will be
given. Finally, various parts of digitization and controlling are linked to present
the current effects on the core processes of controlling and the role of controllers.

2. Corporate controlling and trends in digitization -
an overview

2.1. Controlling processes

Controlling is one of the key operating functions in a business. Planning,
management, and control are some of the core tasks of controlling. Since con-
trolling - like the activities, processes, and tasks of companies - can be complex
and diverse, it should be regarded as a process. To illustrate this process, the
International Group of Controlling (IGC) developed a hierarchical structure of
controlling (see Figure 1) in which they differentiate business processes, core
processes, sub-processes, and activities (Schulze 2019, 33). For example, the busi-
ness processes include controlling, whereas the core processes include underlying
disciplines, such as capital expenditure controlling. The sub-processes and activi-
ties are subordinate to the core processes. The sub-processes include, amongst
others, the implementation of the set-up (= a sub-process of capital expenditure
controlling) and an associated activity could be, for example, the definition of the
applied investment calculation methods.

bk controlling
pusiness
processes

;apital expenditure controlling
core processes capital expenditure controlling

definition of the investment

activity appraisal method

Figure 1. Hierarchical structure of the controlling process
(International Group of Controlling 2017, 19)
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Based on the IGC Process Model 2.0, controlling consists of ten core pro-

cesses. At the sub-process level, these are described in detail by the objective,
the content, the input, and output as well as by the process interfaces. The ten
core processes can be differentiated into five essential and five additional core
processes. The essential core processes of controlling that are analysed in this
paper are (see Figure 2):

the interrelated process of planning, budgeting, and forecasting,
capital expenditure controlling,

cost, performance, and profit accounting,

management reporting,

business partnering.

In addition, the IGC model includes strategic planning, project controlling,

risk controlling and data management. These four core processes are usually
conducted in cooperation with other organisational units. The last core process
“further development” focuses on the organisation, the processes, and instru-
ments as well as the systems and assures quality and is therefore differentiated
from the other core processes (International Group of Controlling 2017, 18-20).

p

controlling

control system setting goals

strategic planning

planning/budgeting/forecast

capital expenditure controlling

cost, performance and profit
accounting

management reporting

business partnering

project controlling

functional controlling

risk controlling

data management

further development

] 1cS
essential core processes aﬁa\\-’“

further core processes
quality assurance
planning

Figure 2. The IGC controlling process 2.0 (International Group of Controlling 2017, 20)
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2.2. The traditional role and tasks of controllers

To examine the influence of digitization on the role and tasks of controllers,
we must first look at the traditional role of controllers. The role and thus the tasks
of controllers have evolved continuously over the years. Mdder, for example,
divides the development of controlling into five stages:

- development stage (1500-1930),

- build-up stage (1930-1950),

- internationalisation and foundation stage (1950-1980),
- boom stage (1980-2010),

- consolidation and reflection stage (since 2010).

The last phase is characterized by the critical questioning of the current
state of research in controlling (Mader 2018, 103-107). According to this clas-
sification, controlling is currently in the consolidation and reflection phase,
which analyses the current requirements due to changes in digital technologies
and its effects on the role and tasks of controllers. In this context, the mission
statement for controllers of the International Group of Controlling is important
(see Figure 3).

controllers shape and accompany goal setting, planning and management control
so that everyone can act in a goal-oriented manner

goal orientation

controllers deal with the future and enable opportunities to be seized and risks to

future orientation be dealt with

controllers integrate the goals and plans of all stakeholders into a coherent

integration function pichire

controllers develop and maintain systems, ensure data quality and provide

information function .. . ;
decision-relevant information

holistic thinking controllers are committed to the welfare of the whole organisation

Figure 3. The controller’s mission statement
(Internationaler Controller Verein, International Group of Controlling 2013)

Based on this model, it becomes clear that the tasks of controlling are diverse.
If one now tries to link this mission statement and the previously identified core
processes of controlling, the result is a hierarchical model in which the skills of
a higher level are important for all subordinate levels. The controllers are therefore
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so-called “knowledge workers” and must always fulfil all requirements that are
related to this. These skills are then aggregated into cross-process controlling
skills that are relevant for most of the core controlling processes. In contrast, the
process-specific controlling skills are only critical for individual core processes
(International Group of Controlling 2015, 39-42). Firstly, the skills from controlling
activities are identified at the sub-process level and then aggregated at the core
process level to be able to select the relevant cross-process skills (International
Group of Controlling 2015, 43). Based on this, the skills can be divided into (Heyse,
Erpenbeck 2011, XIII):

|

personal skills,

activity and implementation skills,
social-communicative skills,
technical and media skills.

|

|

Figure 4 shows the aggregated controlling skills based on the previously
identified main processes. These are the traditional skills controllers needed
in the past.

knowledge work level

personal skills activity and implementation skills

* creative will
* giving impulses
* decision-making skills

holistic thinking

* openness to change
+ creative skills

* delegating

social-communicative skills technical and media skills

* advisory skills « organisational skills

* communication skills project-specific expertise
* cooperation skills judgement

» conflict-solving skills market understanding

* understanding conceptual strength

* articulation process-specific expertise
k * integration skills }

e 8 & &

aggregation of essential core processes

O

Figure 4. Traditional controlling skills map
(International Group of Controlling 2015, 38-101)
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Now that the core processes of controlling and the essential skills of controllers
were discussed, selected digitization trends will be presented before digitization
and controlling are linked to analyse the influence digital technologies have on
controlling and on the role and tasks of controllers.

2.3. Internet of things, big data and co. —
key components of digitization

2.3.1. Introductory overview

Digitization includes the digital transformation and representation or im-
plementation of information and communication or the digital modification of
instruments, devices, and vehicles as well as the digital revolution (Bendel 2021b).
Whereas IT was used in the 20th century primarily to automate, optimise, and
modernise private households and workplaces, to create computer networks
and to introduce software products (e.g., MS Office and ERP systems), since
the beginning of the 21st century the focus has been on disruptive technolo-
gies and innovative business models as well as autonomation, flexibilization,
and individualisation (Bendel 2021b). The technologies used and continuously
developed in this context are diverse. In the context of controlling, mostly the
following technologies are important as they generate or process data that is
important for the previously identified core processes of controlling (Dorow
et al. 2023, 10):

internet of things,
big data,

cloud computing,
artificial intelligence.

2.3.2. Internet of things

To put it simply, the internet of things is the networking of objects with the
internet so that these objects can communicate independently via the internet
and thus perform various tasks. The scope of application ranges from general
information supply and automatic ordering to warning and emergency functions
(Lackes, Siepermann 2018). It is a dynamic network that consists of identifiable
physical and virtual objects that include technological properties to communicate,
perceive or interact internally or externally (Borgmeier et al. 2021, 13). The internet
of things uses a model which, according to Kaufmann and Servatius, consists of
eight distinct levels, which are presented below (see Table 1).
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Table 1

IoT reference model (Kaufmann, Servatius 2020, 6)

Level

Explanation

Technologies

1. perception

objects and data acquisition

sensors, actuators

2. connectivity

connectivity of devices and

network technologies

5. data abstraction

communication
3. edge local data storage and processing edge computing
4. data storage storage of large amounts of data computing

data processing, stream aggregation, | big data, artificial

aggregation and pre-processing

intelligence, cloud

6. application

mobile and stationary applications,
evaluations and reporting, control
applications

app technologies

7. collaboration &
processes

human interaction and integration of
IoT data into business processes

API technologies

8. business model

building blocks of an IoT business
model

IoT plattforms

Regarding controlling, it is important to understand why companies are
integrating these complex and dynamic systems and what the main advantages
and disadvantages are. Therefore, the general main advantages and disadvantages
of the internet of things are summarized in Table 2.

Table 2

Advantages and disadvantages of the internet of things (Mattern, Florkemeier 2010, 109;
Kaufmann, Servatius 2020, 76 and 151; Ziegler 2020, 97; Soldatos 2021, 17 and 140)

Main advantages

Main disadvantages

increasing customer centricity

linking data-driven services with production,
making it possible to offer digital services in
addition to the actual product

data protection-oriented measures
esp. device security, network and
communication security, database
security, application protection

increased addressability of objects

as each object can be influenced via
electrical signals, productivity and work
safety increase, while operating costs can
be controlled better

demand development

if demand does not increase at the same
rate as efficiency, productivity and the
degree of automation, there is a risk of

a mismatch between supply and demand,
which in turn can lead to a reduction in
the required human labour
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Table 2 cont.

Main advantages

Main disadvantages

basic sensor technology

different types of sensors can digitally
map the real world and machines can
communicate directly with each other via
databases or sensors, which can lead to
time savings, faster reaction speed and
increased data storage

changes lead to additional work for the
management of the company

numerous changes in a company require,
for example, a reorientation of employees,
a secure handling of complex IoT
solutions and innovative business models,
as well as different and sometimes more
intensive control mechanisms

generation of so-called digital twins
through logics and networking

virtual images of real systems, high
individuality and generation of knowledge
through the creation of (new) data sources

2.3.3. Big data

One of the core tasks of controlling is to collect, process and interpret data
and to make it available to the decision-makers of a business. This is no longer
simple data, but often big data. Big data refers to large, partly unstructured data
volumes from different data sources (lafrate 2014, 26), which are stored, processed,
and evaluated by special data science solutions (Bendel 2021a).

There are various definitions for big data in the literature. What most defi-
nitions have in common, however, is that they focus on a different number of
characteristics (“Vs”) and a five-dimensional construct (“5Vs”) (see Figure 5).

big data

data generation, collection and

retention

volume velocity

variety

data quality and utility

value veracity

Figure 5. 5V of big data (Luengo et al. 2020, 1-2; Hastenteufel et al. 2021, 6)

Volume describes the huge amount of data. This data is generated at an ex-
tremely high speed (velocity) and should be processed in real time if possible. It
comes in different forms (variety) and can be either structured, semi-structured
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or unstructured, which is why data must first be cleansed to ensure its accuracy
and credibility (veracity). In addition, data must provide added value (value)
for a business. While the first three dimensions (volume/velocity/variety) refer
to the acquisition, collection and storage of data, value and veracity focus on the
quality and usefulness of data (Luengo et al. 2020, 1; Hastenteufel et al. 2021, 6).

Even though the collection of data is not new, it is the amount of data that
is often overwhelming. This results primarily from the fact that

- countless devices and applications, such as sensors or social media, are con-
tinuously collecting information,

- storage capacities and technologies have increased enormously in recent
years and at the same time the associated costs have dropped,

- the approaches and procedures in the areas of data science, artificial intel-
ligence and machine learning have improved so much in the recent past
that the knowledge gained from the data has also increased enormously
(Hastenteufel et al. 2021, 7).

In addition, the increasing networking of already existing data opens new
possibilities for companies to use data (Bloching et al. 2012, 73; Bendel 2021a;
Hastenteufel et al. 2021, 7). However, for businesses to be able to use this data in
a targeted manner, suitable procedures and tools are necessary. This is because
the benefit of big data is usually not the amount of data or the data itself, but the
possibility of recognizing previously unrecognized patterns and gaining insights
by using data science and artificial intelligence (Luengo et al. 2020, 3; Hastenteufel
et al. 2021, 7).

2.3.4. Cloud computing

Cloud computing comprises various technologies and business models for
making IT resources available and charging for their use according to flexible
payment models (Fehling, Leymann 2018). Here, IT resources (e.g., servers or
applications) are not operated in a company’s own data centre but are available
on demand via the internet as a service-based business model. This leads to
an industrialisation of IT resources and companies can reduce their long-term
investments in IT by implementing cloud computing, as cloud solutions are usu-
ally much more cost-effective than classic IT solutions (Fehling, Leymann 2018).

Cloud computing is thus a model that allows a business to access a pool of
configurable computing resources (e.g., networks, servers, storage systems) on
demand, anytime and anywhere, conveniently via a network, whereby these can
be made available quickly and with a minimum of effort (Mell, Grance 2011, 2).

The essential characteristics, organisational forms and levels of cloud com-
puting are shown schematically in Figure 6.
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private
cloud

on-demand self-service
: public cloud
broad network access software as a service (SaaS)
resource pooling/virtualization platform as a service (PaaS)
rapid elasticity community infrastructure as a service (IaaS)
cloud

hybrid cloud

essential charateristics | levels forms of organisation

Figure 6. Principles of cloud computing (Hentschel, Leyh 2016, 569)

Cloud computing is characterized, among other things, by on-demand self-
service, which means that server capacities can be rented and used by the user
without human interaction. The access of a broad mass of devices via the internet
is secured by broad network access. Since, depending on the requirements of the
users, there is a need to scale these provided resources, resource pooling (concen-
trated form of virtual and physical resources with which they can serve several
consumers) and rapid elasticity (scalability of resources) are important. Measured
services serve to increase transparency for service providers and recipients by
monitoring and automating the optimization of the use and availability of cloud
computing services (Mell, Grance 2011, 2).

According to their organisational form, cloud solutions can be either pri-
vate, public, community or hybrid. In a public cloud, services can be offered to
the public and these services can be booked by several users, whereas access to
a private cloud is only granted to a limited group of users (Bundesamt fiir Sicher-
heit in der Informationstechnik 2022). Based on this, a community cloud can be
understood as an extension of a private cloud, in which not a single company
but, for example, a group of connected companies wants to implement a private
cloud, whereby not a single company but an entire group gains access to it (Mell,
Grance 2011, 3). However, since the requirements for a cloud cannot always be
categorised into the three cloud solutions described, hybrid solutions are often
state of the art, which optimise the advantages and disadvantages of different
cloud types (Zawaideh et al. 2022, 794).

Furthermore, cloud computing has various levels. IaaS represents the low-
est layer of the model and comprises the provision of the basic physical IT
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infrastructure (Hentschel, Leyh 2018, 9), whereby fundamental digital resources are
available to the users, but the applications or operating systems can be managed
and used independently (Mell, Grance 2011, 3). PaaS extends laaS by providing
additional content (Hentschel, Leyh 2016, 570-571). This can be, for example, com-
plete development and deployment environments, operating systems required for
this, any business intelligence services or database management systems (Microsoft
2022). SaaS extends PaaS and thus has the highest level of abstraction (Hentschel,
Leyh 2018, 11). The goal is to provide the user with a required software as a cloud-
based application, whereby the user is not given any configuration options about
the underlying services such as operating systems, server structures, or network
components (Mell, Grance 2011, 2).

2.3.5. Artificial intelligence

Among the numerous definitions available, artificial intelligence encompasses
all procedures that are used to imitate or reproduce human thought processes with
the help of a computer (Buxmann, Schmidt 2021, 6-7). Currently, the research field
of Al is characterized by the attempt to replicate on machines the processes of
human experience which determine human decisions and actions (Zhou 2021, 2).
This is also referred to as machine learning, i.e., the learning of machines based
on empirical values by means of algorithms. The concept of robotic process au-
tomation (RPA), which is based on this, goes one step further and carries out the
learned activities in an automated and high-volume manner within software, so
that a versatile process automation is achieved (Lawton 2021). Today, there are
already different forms and possibilities of how Al can be used in companies in
general and in controlling in particular.

3. The effects of digitization on the core processes of
corporate controlling and the role and tasks of
controllers

3.1. Impact on selected controlling processes

3.1.1. Planning, budgeting, and forecast

With the internet of things, data from intelligent objects are made available,
which can contribute to an increase in flexibility and planning reliability within
the planning process due to their granularity. On the one hand, this leads to
real-time evaluation in forecasting. On the other hand, a clear demarcation be-
tween operational and analytical data management will no longer be relevant for
the future, as both data sources can increasingly be considered simultaneously
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(Gleich et al. 2017, 117). The large volumes of data are analysed and incorporated
by using data science. If a business pushes this integration and includes exter-
nally generated data, this can be used within the planning process to uncover,
for example, previously hidden market trends and relationships within existing
data sets (Georgopoulos, Georg 2021, 55).

In-memory technologies ensure that the increased computing capacity of big
data is processed within the planning process. Accordingly, the data relevant to
planning is becoming more flexible via increasing computing capacities of cloud
computing and more efficient main memory processing (Schmitz 2019). These
newly created, structured, granulated data sets can then be integrated into the
planning activities of a controlling department by filtering, e.g., through machine
learning algorithms, and thus lead to relevant information within a brief time
(Portal 2020, 70-72). In this context, cloud solutions that map the entire planning
process of controlling and integrate various subsystems, e.g., sub-technologies,
are a favourable and flexible way to optimise this core process (Wagner, Wer-
nitz 2022, 17).

The main advantages resulting from integrative planning can also be identified
in a comprehensive perspective, which enables the management to recognise devia-
tions from the original plan within the various planning aspects considered and
to react accordingly in a dynamic and risk-adjusted manner (FondsKonzept 2022).
Different options for action can be calculated by risk-adjusted planning and
a driver-based planning model in a volatile corporate environment. Examples
are the so-called frontloading approach or the Monte Carlo simulation. Concepts
such as the Monte Carlo simulation have been known for a long time, but they
can only be used in the practical corporate environment due to the increasing
availability of powerful IT infrastructures, since e.g., the calculation times are
becoming increasingly shorter due to cloud computing or in-memory technology
(Grund et al. 2020, 17).

Standardisation of the processes and the associated adaptation of technologies
to the planning processes also mean that increasing automation and digitization
in daily work release large capacities that can be used elsewhere (Schrader et al.
2022, 22). Likewise, medium-sized companies could increasingly access these tech-
nologies due to the increasing scalability of cloud technology. If, in the case of full
integration, sovereignty over the planning logic is then transferred to the system,
the company can positively influence both the planning output, the planning qual-
ity and the increasing dovetailing of the results of the strategic and operational
planning elements (Horvath et al. 2019, 480; Langmann 2019, 23-25). For example,
at this point it would be conceivable to have automatic evaluations of strategies
according to a certain environment or business information from practice and,
in conjunction with this, a digital recording, evaluation, and recommendation of
controlling. In the case of automated forwarding, this would lead to operational
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and strategic planning forming a control loop and the boundaries continuing to
merge, so that information from both levels can lead to plan adjustments at the
other level (Abée et al. 2020, 19-30).

However, planning is not considered by itself, as budgeting is created based
on the determined information. Therefore, the operational individual plans must be
integrated into a coordinated overall plan, which subsequently influences or is in-
fluenced by the strategic orientation of a company. The entire coordination and con-
solidation process, including the subsequent budgeting, thus benefits from a flexi-
bilization of data and an increase in the exchange of information (Gtiler 2021, 116).

Advanced analytical methods are also relevant for planning, budgeting, and
forecasting, as they use historical data to predict future events by using algorithms
(Mayr 2022, 116). While one thinks primarily of forecasting here, the technological
instruments also have positive effects on budgeting. For example, predictive ana-
lytics in budgeting can primarily contribute to deriving realistic, comprehensible
objectives from the planning data and thus lead to a more positive and motivated
attitude among employees (Koch et al. 2020, 56-59). Digitization thus necessar-
ily increases the flexibility in this area of controlling, whereby rigid observation
periods, e.g., of one year, could lose importance and an adjustment during the
year is simplified (Hastenteufel et al. 2022, 4). If this core idea is expanded with
visual support, such as an embedded real-time dashboard, the decision-makers
of a business can consult an actual comparison at any time and from any location
via the flexible ad-hoc budgeting of controlling (Horvath et al. 2019, 491).

When it comes to forecasting, evaluations of past periods are becoming in-
creasingly less important, especially in highly volatile corporate environments,
which means that proactive forecasting is becoming more important (Kieninger
et al. 2017, 5). This highlights structure-discovering analytics, such as predictive
or prescriptive analytics (QUNIS 2022). By using artificial intelligence, it is pos-
sible, for example, to apply complex mathematical analysis methods to increase
the validity of forecasts (Horvath et al. 2019, 480). In this respect, cloud-based
solutions not only ensure data processing and the creation of forecasts, but also
make data available, provide cross-location benchmarks or, for example, allow
information from accounting to flow into the calculations in a high-performance
manner, which is not possible or only possible to a limited extent with conventional
ERP systems (Heinzelmann 2022, 175). If the examples mentioned are carried out
interactively, fully automated real-time simulations, driver-based forecast models
and adaptable scenario models can be implemented. These are characterized by
a creation that can be carried out more frequently, faster, more comprehensively
and based on previously unconsidered data sources (also non-monetary data).
By reducing interfaces, these integrative systems act automatically based on the
underlying algorithms and initiate independent countermeasures (Gronke et al.
2017, 37-38). Thus, forecasts can also be created ad-hoc.

119



Jessica Hastenteufel, Max Dorow, Susanne Weber

Looking at the influencing factors listed, it can be stated that they are dedicated
to the overarching goal of achieving a more agile form of organisation. Table 3
structures and summarises these points.

Table 3

Current effects of digitization on planning, budgeting, and forecasting
(Dorow et al. 2023, 17)

Effects on planning, budgeting and forecast through

the internet of things

increase in direct data generation
through the value-added process
increase in planning reliability through
an increase in the population

— real-time data generation and the
possibility of feedback to the systems

— reactions to changes in the shortest
time possible

big

data

integrating large amounts of data,
including external data, within the
entire core process

increasing the heterogeneous exchange
of information within planning,
budgeting and forecast

— increasing efficiency, especially in the
coordination and consolidation process
of data

— advanced analytics support budgeting
and forecast by referring to the future

cloud co

mputing

flexible planning intervals/adaptation
to planning workloads

possibility to integrate sub-
technologies within the core process
flexible implementation of complex
forecast simulations (also for SMEs)
integration of further technologies to
increase transparency

— minimizing the technology interfaces
of planning, budgeting and forecast for
the end users

— agile cross-company planning is
enabled

artificial intelligence

discovery of hidden market trends
and relationships for integration in
planning

evaluating complex planning models
in a short period of time

discovering hidden market trends
and relationships for integration in
planning

evaluating complex planning models
in a short period of time
implementing new planning models,
such as the frontloading approach

releasing previously tied-up
capacities through the automation of
standardized processes

increasing planning output and
planning quality

increasing linkage of strategic and
operational data

automated initiation of
countermeasures in the event of
deviations from the plan

enabling a control loop of integrative
planning

120




The impact of digitization on corporate controlling and the role of controllers

3.1.2. Capital expenditure controlling

The core process of capital expenditure controlling consists of various
input-based sub-processes that result in investment plans, investment reports or
recalculations (International Group of Controlling 2017, 40).

In general, capital expenditure controlling consists of the assessment, selec-
tion, and control of significant investments (Rieg 2022, 899). It starts with the
investment idea since capital expenditure controlling is influenced by imple-
mented digital technologies. The investment requirement arises mathematically
from the planning results already described, which can be circumscribed by
a mathematical-analytical activity (Behringer 2021, 98). In the case of agile plan-
ning, there is already an intensified exchange of information here, which must
be considered within the investment calculation. Especially cloud-based software
such as SAPS/4 HANA can already facilitate communication and data access for
investment controllers (SAP 2022). The improvement of communication leads to
the emergence of discussions within various parts of a business, the discovery of
bottlenecks by using IoT technologies and the identification of new investment
needs, which can lead to a long-term improvement of the process start of capital
expenditure controlling (Behringer 2021, 78).

After an initial exchange of information took place, investment controllers
accompany the investment project by determining the investment amount, the
profitability, and the underlying risks of a project (International Group of Control-
ling 2017, 40). This is the investment planning sub-process. Regardless of whether
static or dynamic investment appraisal methods are used, the values must be
analysed as precisely as possible and included in calculations to be able to carry
out a targeted investment assessment. If the net present value method is used
to calculate the discounted cash flows based on a fixed purchasing behaviour of
customers over five years, a sharp rise in inflation, for example, can lead to this
calculation no longer being applicable. Market data, pricing data, production data,
research and development data, design data, tool data or process information and
other data can be used as influencing factors in investment calculation (Miihl-
bock, Kronawettleitner 2022, 448). This example shows that capital expenditure
controlling is strongly future-oriented and risky. It should be mentioned that not
only a business itself bears this risk, but also the stakeholders (Wagner 2022, 239).
Therefore, it is an essential task of capital expenditure controlling to deal with
uncertain forecast data, for which small and agile control loops should be devel-
oped to be able to initiate any investment changes regarding the agile environ-
ment (Lamla 2017, 135). These control loops should in turn be used with big data.
In practice, predictive analytics can help to forecast probable future values from
historical data, which can then be included in the investment calculation (Schrader
et al. 2022, 8). Integrated sensitivity analyses inform about the corresponding
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risk (Langmann 2019, 11), which can reduce the uncertainty factor and increase
the quality of the instructional content. If the diversity of data is combined with the
learning mechanisms of artificial intelligence and the computational speed of
cloud computing, coherent investment models can be developed that are already
being used in practice, e.g., in asset management. They can automatically collect
data from recent decades on financial investments, process them for investors or
check and correct the decisions of investors themselves (EY 2023). The individual,
clearly definable solutions in capital expenditure controlling are becoming com-
prehensive overall services due to multi-layered data (Horvéth et al. 2019, 486).

If an investment has been planned using modern technologies, it is possible
to combine this planning with other investment plans within a programme or to
weigh up individual investments (International Group of Controlling 2017, 40). In
practice, the number of courses of action poses a particular problem in this regard
because, on the one hand, many alternatives lead to confusing content and, on the
other hand, timing plays a key role. Investment options may arise, while others
may expire and thus no longer be available (Schneider 2022, 38). Overall, control-
lers need to use digitization approaches to cope with ever-shrinking investment
cycles (Abée et al. 2020, 20). If one wants to evaluate partial solutions, one can
refer to the overall services above. However, to gain a comprehensive overview,
the individual measures can also be evaluated coherently by using artificial
intelligence and thus form a new integrative level of consideration. Al can then
in turn complement this new layer of data so that new, up-to-date information
is integrated into investment programmes (Foy 2021). It is also conceivable to
integrate the growth business perspective, in which effects are operationalised
that occur after the investment has been made (Kappes, Schentler 2017, 167).
Standardized investment portfolios can be used to visualise the benefits of vari-
ous programmes and present aggregated information on a dashboard via cloud
computing (Vanini 2022, 284). The role of controllers is to monitor this process
and incorporate their own experience into the selection of an optimized invest-
ment programme. An embedded reinforcement learning structure improves the
future decisions of Al, which can successively increase the quality of statements
about learning intervals (Foy 2021).

If the need for investment is confirmed through communication, if it is planned
and an investment programme is decided, capital expenditure controlling must,
among other things, observe investment decisions, create recommendations for
action and recalculate investments.

The increased performance orientation described above must always be
considered from a cost-benefit perspective, since businesses are subject to great
uncertainties regarding the success potential of investments. Although it is possible
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to scale evaluations, including cost-related ones, via cloud computing, excessive
costs are associated with implementations or process changes in capital expendi-
ture controlling (Gtiler 2021, 109). Partial integrations, such as the information
networking of forecasts and capital expenditure controlling to take early coun-
termeasures, will therefore predominate in practice (Mtller 2021, 46). In contrast,
far-reaching digital environment assessments must be subjected to an intensive
individual cost-benefit analysis and are therefore likely to be found less frequently
in SMEs than in large companies (Abée et al. 2020, 28). Finally, Table 4 summa-
rises the influence of digitization technologies on capital expenditure controlling.

Table 4

Current effects of digitization on capital expenditure controlling (Dorow et al. 2023, 19)

Effects on capital expenditure controlling through

the internet of things

— bottlenecks and investment needs are | — provides versatile industry data that
uncovered helps in investment appraisal
- agile adjustment due to new data — provides the internal basis to carry
within fast control loops in capital out capital expenditure controlling on
expenditure controlling a real-time data basis
big data
— provides influencing factors (multi-
layered data) for inclusion in — reduces the risk of the organization
investment calculations and the stakeholders by enhancing
— increases the quality of the content of metrics
the report

cloud computing

— increased information transparency in
finding an investment idea

— faster evaluation of related investment
models

— easier access to data by capital
expenditure controllers

— more flexible information for relevant
stakeholders of investments, e.g. by
means of dashboards

artificial intelligence

— learning mechanisms help to achieve — sensitivity analyses become applicable
accurate investment recommendations and independently extended

— versatile data use and complex — new level of consideration: entire
algorithms are applicable in capital investment program decisions become
expenditure controlling comparable
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3.1.3. Cost, performance, and profit accounting

Society is changing continuously due to digitization, which means that
product life cycles are becoming shorter, and customers are demanding flexible
products and services that are adapted as precisely as possible to their individual
needs (Mayr 2022, 107-109). Businesses need to address these changing needs to
maintain their position in the market. To guarantee a profitable operating pro-
cess, controllers must evaluate this change within cost, performance, and profit
accounting and collect relevant information.

Due to the permanently changing conditions in production, the number of
employees in indirect areas such as marketing or IT is increasing (Mayr 2022, 104).
Automation, high-tech and increasing digitization of business systems and processes
lead to product-independent resources being increasingly tied up and costs rising
as a result. At the same time, more intense competitive pressure can be observed
due to digitization and the globalization of markets, resulting in increased cost
pressure on companies (Giinther 2018, 545). A central challenge for companies
today is therefore to counter increasing cost pressure and changes in cost structure.

In this regard, in cost management a variety of instruments have been de-
veloped which can be applied in a solution-oriented manner depending on the
area of application. These include, for example, flexible standard costing which
serves resource-oriented cost planning as well as activity-based costing, with
which transparency is created within increasingly complex business processes.
In addition, product life cycle costing, in which the cost perspective is considered
and managed over a product’s life cycle, is also used (Mayr 2022, 106).

All these instruments are based on data and are applied depending on the
problem. Data quality can be identified as a particularly critical point. Therefore,
the necessity to identify cost drivers along the value chain and to include them
realistically in calculations is high. Cross-company information systems, such as
a cloud-based integrative business intelligence system, are effective ways to meet
these quality-assuring requirements (Georgopoulos, Georg 2021, 11). However,
Monte Carlo simulation, for example, also benefits from increased data quality in
cost and performance accounting. Data can be incorporated into business scenarios
determined in real time and, through big data combined with external data, lead
to better results (Grund et al. 2020, 17). These models can then be optimized by
enhancing data with actual prices and observation of competitive prices, for ex-
ample with machine learning, to create the highest possible transparency within
this core process (Georgopoulos, Georg 2021, 48).

Looking at the approaches of digitization within cost accounting, we can see
a higher agility, an innovation orientation, and a smarter use of data. An attempt
is made to create a certain proactivity to successfully lead a business through
constantly changing environmental conditions and to use diverse opportunities
in this process (Becker et al. 2022, 1013). Initiative-taking cost management is
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characterized by enforcing a consistent market orientation while considering the
entire product life cycle. As rising fixed costs and overheads can be challenging
for businesses, IaaS, PaaS, SaaS services can be implemented to modify or reduce
fixed costs (Mell, Grance 2011, 2). Reactive cost reductions due to deficient perfor-
mance indicators are thus a problem of the past and are replaced by an intra-year
and ongoing cost analysis. This aims to secure sustainable competitive advantages
and long-term corporate success. In contrast to hierarchical top-down planning,
employees are actively involved in cost planning. Initiative-taking planning is
thus characterized by communication and interdisciplinarity. Information systems
that use the entire data of the digitally influenced cost, performance, and profit
accounting create a centralised data model (Giiler 2021, 130; Mayr 2022, 107-122).

It should be mentioned that the drivers of digitization can lead to structural
changes along the entire core process of cost, performance, and profit accounting.
This is especially true for material management, personnel policy, investment
structures, process levels and product characteristics. The main effects of digi-
tization on cost, performance and profit accounting are summarised in Table 5.

Table 5

Current effects of digitization on cost, performance, and profit accounting
(Dorow et al. 2023, 21)

Effects on cost, performance and profit accounting through

the internet of things

— allows the inclusion of detailed data,
e.g. machine data

— allows individuality and feedback
through controllable elements

big data

— increasing asset intensities and
reduction of process costs
— changing cost structure (rising costs)

— increasing cost pressure on companies
through comparability

— enables the inclusion of versatile
data in cost, performance and profit
accounting

— benchmark analyses in line with the
market are enabled
— aholistic approach is achieved

cloud computing

— changing the cost structure (more
flexible, dynamically adaptable)

— enables individuality to be derived
from holism

— central database of cost, performance -

and profit accounting can be accessed
by many organizations and controlling
departments

real-time data relationship for
production adjustment

stand-alone solutions are consolidated
into a unified system

— employees and different valuation
approaches can be better integrated
into cost, performance and profit
accounting
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Table 5 cont.

Effects on cost, performance and profit accounting through

artificial intelligence

— new models of cost, performance and
profit accounting, which, for example,
consider the entire product life cycle

— automated execution of
computationally intensive processes

— comprehensive scenario models for
adapting offers

— evaluating of complex planning
models in a short period of time

— feedback and adjustment based on
international data in real time

— proactivity within cost, performance
and profit accounting is developed

3.1.4. Management reporting

Standard reports, ad-hoc evaluations, or the creation of a dashboard are all
based on data that is processed and prepared in management reporting. In the
following, we will analyse the effects of digitization trends on the core process
of management reporting, which includes data collection and preparation, report
creation, plausibility checks, analysis, and commenting on and discussing the
reports (Langmann 2019, 14).

If we consider data collection and processing, there are for example changes
related to the internet of things. Current data from sensors within connected
machines ensure that data is generated and available in real time, thus enabling
real-time control of production processes (Georgopoulos, Georg 2021, 53). It
should be mentioned, however, that the systems of agile organisations are
communicating with their environment, which usually creates heterogeneous
networks. The data provision of these networks must first be harmonized and
based on sufficient data quality to enable a uniform and standardized analysis
that is accepted within a business (Ploier, Mayr 2022, 156). Only in this way
will data collected and provided by the controlling department remain the
sole source of truth and thus the basis for all further reporting (Horvath et al.
2019, 488). Al-based bots enable these reporting process steps of data extraction,
harmonisation, and plausibility checks from various sources to be carried out
automatically (Langmann 2019, 17). It is also possible to identify relevant value
drivers within data structure (Giiler 2021, 125). Machine learning algorithms
thus accelerate the approaches in management reporting and lead to quality
improvements from the very first process step, providing more detailed and
flexible access to information in terms of content (Miiller 2021, 32-34). This
also impacts the capacities in controlling, so that controllers must make fewer
manual adjustments, data inconsistencies are avoided, and free capacities can
be used for other tasks (Schrader et al. 2022, 10). To disclose cause-and-effect
relationships and create sufficient transparency, it is important to pay attention
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to the integration of interfaces when selecting the software used so that isolated
solutions are avoided (Eymers et al. 2018, 124).

Big data technologies have a major impact on management reporting, as they
can be used in a number of sub-processes. For example, the cause-effect relation-
ships can be evaluated by using a statistically quantitative database (e.g., via sen-
timent analysis) (Langmann 2019, 15). Data science can significantly increase the
plausibility of a report’s content in terms of topicality and informative value by
integrating external data, e.g., from social media or from the news, into manage-
ment reporting. This also leads to a broader view of value drivers within value
driver analysis, so that a detailed view on data is provided. This is also referred
to as a drill-down (Georgopoulos, Georg 2021, 53-54).

However, data science not only allows for historical analysis. Rather, by
advanced analytics, highly granular data can be analysed in real time, while ex-
ternal data can be related to facts within a business to complement management
reports. Thus, a shift from past-related descriptive reporting to future-oriented
data interpretation and enriched prediction of the impact on an organisation can
be observed (Modritscher, Wall 2022, 46). The indicated mergers of operational
and strategic data levels can therefore be found in this core process. For example,
the technologies described support so-called real-time reporting, in which stand-
ardized reports and dashboards are created automatically and in a customized
manner for the management. Moreover, the agility of a business is guaranteed,
and a competitive advantage can be generated (Langmann 2019, 17). Conceivable
here are, for example, fully automated document postings, report compilations
and automated corporate communication with tax auditors or tax consulting firms
(Ploier, Mayr 2022, 153). Since management reporting includes individual elements
of related core processes and encompasses already established reporting, there
is also the possibility that new reporting formats will emerge (Huber 2017, 68).

Therefore, the role and tasks of controllers in this context must be reconsid-
ered. In literature, reference is made to so-called self-service reporting, in which
a management uses controlling systems, e.g., via apps, without contacting the
controlling department (Georgopoulos, Georg 2021, 53-54). Reports based on voice
control, reports on mobile devices or, for example, production information based
on the current conditions in a factory open up new possibilities for management
reporting and benefit from an increasing performance of consolidated IT systems
(Langmann 2019, 16). However, it is questionable whether self-service reporting,
by bridging the controlling function as a supplier of figures within the manage-
ment reporting process, makes the entire tasks of controllers obsolete. Without the
specialised knowledge of controllers and sufficient training and experience, there
is always a risk of misinterpreting data (Wolf, Heidlmayer 2022, 18). It should
therefore be noted that capacities that are released due to digitization should not
disappear but should be used to focus on other controlling activities.
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Overall, we can state that management reporting in general and financial,
market or functional reporting specifically are affected by the selected digitization
trends. While financial reporting tends to benefit more from increasing automation
and the connectivity of the IoT, market and functional reporting will change in
measures and overall concepts. Digitization is changing the past-related report-
ing requested by management into a future-oriented integrative instrument that
adapts the innovations of the core processes of controlling. In contrast to tradi-
tional push reporting, in which controlling sends out the reports, we can observe
that managers navigate independently through the reports and can thus analyse
this consolidated information in a value-driver-oriented manner by means of
drill-down procedures (Gréf et al. 2017, 61). In this more efficient world of pull
reporting, the tasks of controllers will change. Table 6 summarises the effects of
digitization on management reporting.

Table 6

Current effects of digitization on management reporting (Dorow et al. 2023, 24)

Effects on management reporting through

the internet of things

— detailed data of value-added process
can be linked in reports

— increase in transparency through an
expansion of the amount of data within
reports

big data

— real-time reporting is made possible
through CPS

— heterogeneous networks become
evaluable for reporting purposes

— reports are improved by highly
granular data in real time

— future orientation and traceability
within reports is increased

- allow for sentiment analysis as
a quantitative data basis
— extensive drill-downs are possible

cloud computing

— cause-effect relationships are disclosed | — self-service reports can be accessed by
by avoiding isolated solutions managers

— increases transparency within reports | — reports are created based on
through individual presentation consolidated IT systems

artificial intelligence

— single point of truth is ensured by Al
systems

— data extraction, harmonization and
plausibility checks can be automated
within the process

— releases capacities for controllers

— relevant value drivers can be identified
and a more detailed and flexible access
to content is provided

— automated reporting can be adapted in
an agile manner
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3.1.5. Business partnering

In contrast to the essential core processes explained above, the elements of
business partnering are not limited. Rather, the sub-processes are designed indi-
vidually and according to individual needs (International Group of Controlling
2017, 50). The core process of business partnering, and the sub-processes cannot
be clearly defined, so that an extensive mapping of different company-specific
competences is necessary (Meier 2022). In the following analysis, two selected sub-
processes of business partnering are selected as examples, which are particularly
relevant. On the one hand, decision-making is considered since management
must always make decisions and the decision-support function of controlling
can influence the organisation of a company significantly. On the other hand, the
promotion and transfer of special knowledge in a business are dealt with, as this
aspect serves to secure the future. Both forms of business partnering in focus are
therefore highly relevant to the effects of digitization trends on core processes
described so far and have a considerable influence on a company’s success. To
include big data in decision-making, for example, analytical procedures such as
aspirational, experienced, or transformed processes can be used. In this context, as-
pirational includes the confirmation of decisions already made and the explanation
of wrong decisions. In contrast, experienced methods evaluate different decision
alternatives by using data science. In transformed decision-making, cause-and-
effect relationships are revealed based on decision alternatives and dependencies
of different data (e.g., market data). Moreover, decision alternatives are modified
to find the best solution (Modritscher, Wall 2022, 45). If controlling deals with
these technologies and uses new instruments in adjacent core processes, a more
extensive knowledge leads to the fact that a stronger decision-making participation
can be observed, in which, however, the managers should always be included in
decision-making and evaluation (Schneider 2022, 86-87). Extensive automation
technologies, highly volatile business environments and increasing competi-
tive pressure serve as drivers in this regard, so that controlling is increasingly
involved as a sparring partner of the management within the decision-making
processes (Wolf, Heidlmayer 2022, 6-15). Al systems can be used, for example,
to check decisions based on big data by means of so-called A/B tests, to uncover
correlations using data mining and thus to create hypotheses for decisions, or to
generate new models via machine learning and complex algorithms in order to
be able to interpret alternatives more easily, which ultimately leads to a qualita-
tively better decision (Wolf, Heidlmayer 2022, 20-27). Optimized starting points
of a data landscape as well as data preparation thus lead to the active decision-
making process becoming more efficient, while ensuring a high effectiveness of
the measures (Kieninger et al. 2017, 6-7). Data science enables the management to
make decisions faster, proactively and on a specified information basis. Ensuring
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data quality is also relevant, as the large quantity and variety of data may lead to
incorrect decisions (Miiller 2021, 14-84). Information based on big data can also be
used in the guidance process. For example, the actions of individuals are based on
information they easily remember. New forms of visualization, such as treemaps
or Sankey diagrams, contribute to simplifying this guidance process and can be
displayed or communicated to the management via a cloud computing-based
system (Modritscher, Wall 2022, 53). However, it is also conceivable to integrate
the data obtained into traditional instruments, such as a balanced scorecard,
and thus enable managers to routinely deal with new information. In any case,
information systems based on cloud computing ensure that decision-making has
a clear basis and that various levels of reporting can be flexibly addressed to make
the best decision possible (Linsner 2017, 73-74). An openness of the management
to new forms of technology is essential in this context.

To be able to make the best possible decisions, companies highly rely on
expert knowledge and on modern technologies. This makes knowledge transfer
within an organisation indispensable. Controlling can take an expert position
in this process since the existing system landscapes can be transferred to the
knowledge process. For example, there are platform solutions based on cloud
computing that distribute specific knowledge within a company (Horvath et al.
2019, 474). Moreover, they can be used to

- facilitate collaboration with experts via interfaces,
- enforce data governance,
- ultimately integrate AL

This includes the possibility of including cyber-physical systems (CPS)
and thus accessing the data of the IoT within a knowledge database as well as
retrieving the data of the knowledge database via CPS (Tridion 2022). There, the
entries maintained can then be checked and corrected automatically, e.g., by us-
ing innovative, Al-based methods, to ensure they are up to date. In addition to
the sustainable development of internal company knowledge, there is also the
possibility of implementing external knowledge networks or renting knowledge
services to expand a business” expertise (Elste, Binckebanck 2017, 923). Further-
more, the idea of a centre of knowledge is becoming more popular due to better
networking. The tasks of reporting, the processes or even the technical specific
knowledge are pooled in one department, so that the advantages of standardisation
such as bundling effects, efficiency increases or completely new organisational
units are the result (Eymers et al. 2018, 123). If new centres of expertise are created
in businesses, they can in turn provide consulting services for other divisions,
with controlling acting as a data-specialised consultant for example (Langmann
2019, 41). Finally, digital competences built up by controlling can be further con-
centrated by digitization trends in a business and thus lead to increased knowledge
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(Abée et al. 2020, 45). Like other main processes, the best level of integration of
digitization within knowledge transfer must always be determined individually.

Table 7 summarises the influences of digitization on the decision-making
process and the promotion of business expertise through controlling.

Table 7
Current effects of digitization on business partnering (Dorow et al. 2023, 26)

Effects on management reporting through

decision-making process | promoting expertise

the internet of things

— allows for a larger data base for
decisions to be evaluated

— real-time reporting based on the IoT
leads to ad-hoc decisions

— increases data quality of decisions

— knowledge is made accessible and
explained with the help of CPS data

— data updates of the CPS are automated
by means of a knowledge database

big data
— decisions become more transparent
and easier to analyze — knowledge base is significantly
— new methods (aspirational, experienced expanded and verifiable
or transformed) are included in the — misinterpretations are avoided due to
decision-making process an increased data basis

— proactivity is enforced within decisions

cloud computing

— company-wide solutions such as portal

— can lead to a higher level of decision- solutions serve as a central source of
making participation by the controlling information
department — enable the use of data governance or
— present simple graphics to simplify other IT connections
decision-making — access to third-party knowledge
— connect different reporting levels of services is enabled
an organization to simplify decision- — new organizational units (e.g. data
making labs) and roles can be created

— collaboration with experts is facilitated

artificial intelligence

— decision alternatives can be calculated,
and intelligent decision models are

created
- complexity promotes the need for - new forms within the knowledge
controlling as a sparring partner databases, such as an automated
— decision alternatives can be interpreted correction database, are enabled

more easily
— feedback of the effects of decisions on
the decision alternative itself is possible
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3.2. Impact on the role and tasks of controllers

The results of the effects of digitization trends on the essential core processes
of controlling show a clear expansion and shift in controlling activities. Thus, IT
systems will increasingly take over and fulfil tasks that are traditionally primarily
assigned to data collection, processing, and distribution in the respective areas
of controlling. Furthermore, the degree to how controlling functions and which
controlling competencies will become more relevant, is influenced by the degree
of integration and the use of these IT systems. In addition to a shift in roles, the
literature also discusses whether future scenarios exist in which controllers become
redundant within a business that uses digital technologies (Losblicher, Ablinger
2018, 66). It is assumed here that there will not be a substitution of controllers, but
rather an expansion of their role and a modification of their tasks. This is justified,
among other things, by a higher digital demand, a stronger competitive situation,
greater complexity in general, expanded areas of responsibility for controllers,
and the need to balance the limits of automation and AI (Losblicher, Ablinger
2018, 55). This assumption is the basis for considering established role models, as
otherwise controlling could be classified as obsolete. However, to develop a start-
ing point that also relates to the influence of digitization trends on controlling,
the following roles of controllers will be considered:

service provider,
business partner,
functional leader,
pathfinder.

If controllers are described as service providers, their focus is on creating
reports and providing data (Langmann 2019, 42). This role is the basis for all other
controlling roles and is linked to the role model of the traditional controller. Thus,
the core tasks of the service provider are (Langmann 2019, 43; Seefried 2017, 60):

- standardized cost accounting,

- consolidation in the annual financial statement,
- planning,

- reporting,

- commenting,

- further calculations,

- the execution of other standardized processes.

This role is linked to the implementation of the digitization technologies
described, so that the goal is to further consolidate the data provided by IT sys-
tems and to pass on relevant information to the management. However, if the
scope of services of digitization trends within an organization is broadened, this
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outdated form of controlling becomes obsolete, so that in a flexible and agile
corporate environment only little or even no added value can be generated by
service providers (Hastenteufel et al. 2022, 7).

In addition to traditionally oriented service providers, the role of business
partners is already established in many businesses. In this role, controllers func-
tion as idea providers and drivers for the management and increasingly take on
a role between traditional controlling and management. Proactivity, ensuring
organisational control and the architecture of the control system are their main
tasks (Seefried 2017, 60). Controllers act on an equal footing with managers, so that
independence and self-initiative are highly relevant regarding the implementa-
tion and coordination of strategic and operational measures (Hastenteufel et al.
2022, 6). Through the continuous use of new digital technologies and the auto-
mation pursued with them, controllers are enabled to use released capacities for
management consulting related tasks. The aim is to optimise the decision-making
process and thus establish long-term financial success for a company (Langmann
2019, 42). Through authenticity and storytelling, business partners ensure that
information is interpreted and used correctly by the management (Haufe 2020).
Controllers are thus to be integrated as sparring partners for management (Schon-
ing, Mendel 2021, 47).

If controllers act as functional leaders, their main tasks are to manage and es-
tablish business-wide guidelines and standards for handling data. For this purpose,
controllers develop, publish and document these and monitor their implementa-
tion (Langmann 2019, 43). Digitization is driving the importance of this role, as
the number of IT systems is increasing and with it the amount of data. However,
there are also problems associated with advancing digitization that functional
leaders are supposed to avoid. On the one hand, they are used to avoid the situa-
tion of information chaos in which inconsistent or contradictory data arise. On the
other hand, incompatibilities between information systems, information overload
and data uncertainty, especially of personal and competition-relevant data, are
to be counteracted (Heimel, Miiller 2019, 413-414). The increasing availability of
data, the diversity of data landscapes and the higher sensitivity regarding data
protection are thus the main drivers of this role. However, the increased volume
of structured and unstructured data within big data in combination with cloud
computing pose challenges for controllers (Langmann 2019, 44).

In contrast, pathfinders focus on future trends in digitization and various
analytical topics and try to examine which selected methods can be meaningfully
implemented within a business so that controlling systems and methods always
remain up to date (Schéffer 2017, 29). They can also be identified as drivers of
change processes within controlling, which links them to data scientists in terms
of their proximity to analytical topics (Langmann 2019, 43). Data scientists, in turn,
work operationally with data evaluations and structures. For example, they know
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various database models, how to access them, transform data, programme que-
ries, visualise them and link them to a task (Aunkofer 2022). It is conceivable that
controllers, as pathfinders, transfer innovations of digitization to business models
and hand them over to data scientists for an operational evaluation to implement
the respective questions. To do this, controllers need extensive technological skills,
the will to continuously expand their knowledge, to act with foresight and statis-
tical knowledge (Hastenteufel et al. 2022, 9). This example illustrates the effects
of digitization on controlling, whereby the pathfinder has the highest degree of
digitization and presents itself as a connection between business controlling and
data-driven technology (Langmann, 2019, 45).

If we look at the distinct roles of controllers, we see that they make sense
depending on the degree of digitization in a business. However, the roles de-
scribed should not be seen as static or fixed. For example, pathfinders can also
take on tasks of functional leaders if this is necessary in the respective situation.
It always depends on a company and its individual circumstances. It seems logi-
cal to continue to observe developments in practice and thus to uncover possible
sub-roles or further development stages of their role. However, a multitude of
other roles already exist today, but they do not always overlap. For example,
there are scorekeepers, data scientists, data engineers and decision scientists, to
name but a few (Schiffer, Briickner 2019, 21). Whether a controller takes on all
these roles, specialises, or how exactly the roles exist in a business can only be
answered individually.

If we now combine the role descriptions presented here with the previously
considered traditional role of controllers, various skills can be highlighted. If
we build on the role of the service provider, the required competencies of the
business partner, the functional leader and the pathfinder can be derived from
this. Since the development of the various roles in controlling is ongoing, the fol-
lowing ideas are based on a Delphi study conducted by WHU in 2019, in which
448 participants with controlling expertise from various hierarchical levels took
part and which can therefore be regarded as a starting point (Schéffer, Briickner
2019, 20). The aim is to transfer these research results to the skills map presented in
figure 4 and to link them. For this purpose, the Delphi study looks at the required
skills of selected roles in controlling. These are then assigned to the originally
developed skills map, which refers to the core processes of controlling (Schiffer,
Briickner 2019, 27). More frequently occurring required skills of the study are
then aggregated under the originally selected characteristics of the map, while
skills that could not be assigned were added in italics. A colour coding indicates
the intensity of the required competence level. Finally, Figure 7 shows which of
the traditional skills are becoming more important and which new skills will be
relevant in the controlling of the future.
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new skills (italics)

knowledge work level

highly relevant
still relevant

less relevant

*  holistic thinking *  creative will
* openness to change *  giving impulses
* creative skills * decision-making skills

* delegating

*  critical thinking, reflection
* analytical thinking technical and media skills

* personal integrity, backbone v
e organisational skills

social-communicative skills *  project-specific expertise
* judgement
* advisory skills *  market understanding
*  communication skills = conceptual strength
*  cooperation skills * process-specific expertise
* conflict-solving skills/problem-solving skills *  success factors of digital & traditional business
* understanding models
*  articulation * agile methods
\ * integration skill *  fnowledge. technologies and trends }

aggregation of essential core processes

Figure 7. Modified controlling skills map
(International Group of Controlling 2015, 38-101, Schéffer, Briickner 2019, 27;
Dorow et al. 2023, 30)

4. Concluding remarks

This paper investigated the extent to which the megatrend of digitization
impacts the processes of controlling and how this is reflected in the role and tasks
of controllers. In doing so, the competences required for controllers to master the
processes were analysed. Based on this, a skills map was developed that refers to
the traditionally required competences in controlling from 2015.

To value the technical orientation of this paper, selected key trends in digi-
tization - the internet of things, big data, cloud computing and artificial intel-
ligence - were examined. It was shown that these technologies differ from each
other, are in various stages of development and therefore offer individual use
cases for controlling departments or have different effects on them.

Subsequently, these technologies and controlling topics were linked and in this
context the effects of digitization trends on controlling tasks were analysed. The
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focus was on the core processes of planning, budgeting, and forecasting, capital
expenditure controlling, cost, performance and profit accounting, management
reporting and business partnering. It became clear that the individual controlling
core processes are all affected by these technologies in diverse ways. In addition
to general changes in the processes, risks, but also opportunities, can be identified
through the targeted use of these technologies, depending on the design of the
respective process. Numerous effects of selected technological trends on these
controlling-specific core processes were described and analysed accordingly.

Based on this, the traditional skills map of controlling could be modified,
new skills for emerging roles in controlling could be evaluated and related to
the already elaborated information. It could be pointed out that some skills are
increasingly important, while others become less relevant. In addition, new skills
were also identified which modern controllers should focus on.

What do the technologically influenced future of controlling and the future
role of controllers look like? This paper has shown that the environment of con-
trollers is subject to constant change. Digitization affects the environment, people,
and businesses. Therefore, new types of technologies also influence the described
controlling processes in different intensities, characteristics, and diversity. This
means that controlling experiences a change in tasks and responsibilities. Terms
such as increased agility, proactivity and increasing automation have come up
repeatedly in this paper and will continue to force controllers to develop new
skills in the future.

References

[1] Abée, S., Andrae, S. and Schlemminger, R.B. (2020) Strategisches Controlling
4.0 - Wie der digitale Wandel gelingt, Wiesbaden: Springer Gabler.

[2] Aunkofer, B. (2022) Jobprofil und Aufgaben - Was ein Data Scientist wirklich
konnen muss, [Online], Available: https://www.cio.de/a/was-ein-data-
scientist-wirklich-koennen-muss,3577657 [5 Jan 2024].

[3] Becker, W., Plofler, M. and Schuhknecht, F. (2022) ‘Kostenmanagement in
der digitalen Welt: Chancen und Herausforderungen’, in Becker, W. and Ul-
rich, P. (ed.) Handbuch Controlling, 2nd edition, Wiesbaden: Springer Gabler.

[4] Behringer, S. (2021) Controlling, 2nd edition, Wiesbaden: Springer Gabler.

[5] Bendel, O. (2021a) Big Data - Gabler Wirtschaftslexikon, [Online], Availa-
ble: https://wirtschaftslexikon.gabler.de/ definition/big-data-54101/ver-
sion-384381 [5 Jan 2024].

[6] Bendel, O. (2021b) Digitalisierung - Gabler Wirtschaftslexikon, [Online], Avail-
able: https:/ / wirtschaftslexikon.gabler.de/ definition/ digitalisierung-54195/
version-384620 [5 Jan 2024].

136



The impact of digitization on corporate controlling and the role of controllers

[7] Bloching, B., Luck, L. and Ramge, T. (2012) Data Unser - Wie Kundendaten
die Wirtschaft revolutionieren, Miinchen: Redline Verlag.

[8] Bundesamt fiir Sicherheit in der Informationstechnik (2022) Cloud Com-
puting Grundlagen, [Online], Available: https://www.bsi.bund.de/DE/
Themen/Unternehmen-und-Organisationen/Informationen-und-Empfehlun-
gen/Empfehlungen-nach-Angriffszielen/Cloud-Computing/Grundlagen/
grundlagen_node.html [5 Jan 2024].

[9] Buxmann, P. and Schmidt, H. (2021) ‘Grundlagen der Kiinstlichen Intelli-
genz und des Maschinellen Lernens’, in Buxmann, P. and Schmidt, H. (ed.)
Kiinstliche Intelligenz. Mit Algorithmen zum wirtschaftlichen Erfolg, Ber-
lin-Heidelberg: Springer.

[10] Dorow, M., Hastenteufel, J. and Weber, S. (2023) Auswirkungen der Digita-
lisierung auf das Controlling und die Rolle der Controller:innen, [Online],
Available: https:/ /res.cloudinary.com/iubh/image/upload/v1687362200/
Presse %20und %20Forschung/Discussion %20Papers/Business %20and %20
Management/DP_Business_2023_Hastenteufel Auswirkungen_der_Digi-
talisierung.pdf [5 Jan 2024].

[11] Elste, R. and Binckebanck, L. (2017) “Wandel im Vertrieb durch Digita-
lisierung - Worauf es morgen ankommt’, in Hildebrandt, A. and Land-
h&dufler, W. (ed.) CSR und Digitalisierung, Berlin-Heidelberg: Springer.

[12] EY (2023) Mit kiinstlicher Intelligenz (KI) zu besseren Investitionsentschei-
dungen, [Online], Available: https://www.ey.com/de_de/wealth-asset-
management/harnessing-the-power-of-ai-to-augment-human-investment-
decision-making [5 Jan 2024].

[13] Eymers, N., Clausen, K. and Ficher, P. (2018) “Verdnderung von Prozessen
und Rollenbildern im Controlling am Beispiel der MAN Truck & Bus AG’,
in Gleich, R. and Tschandl, M. (ed.) Digitalisierung & Controlling - Techno-
logien, Instrumente, Praxisbeispiele, Freiburg: Haufe Lexware.

[14] FondsKonzept (2022) smartMSC: ...einfach clever!, [Online], Available:
https:/ /www.fondskonzept.ag/smartmsc [5 Jan 2024].

[15] Foy, P. (2021) 8 Applications of Al & Machine Learning for Trading and
Investing, [Online], Available: https:/ /www.mlq.ai/applications-ai-machi-
ne-learning-trading-investing/ [5 Jan 2024].

[16] Georgopoulos, A. and Georg, S. (2021) Anforderungen an das Controlling -
Auswirkungen von Big Data und Digitalisierung auf das zukiinftige Kom-
petenzprofil des Controllers, Wiesbaden: Springer Gabler.

[17] Gleich, R., Schwarz, M., Munck, J.C. and Deyle, N. (2017) ‘Industrie 4.0 -
zwischen Evolution und Revolution’, in Horvath, P. and Michel, U. (ed.)
Controlling im digitalen Zeitalter - Herausforderungen und Best-Practice-
Losungen, Stuttgart: Schéffer-Poeschel.

[18] Grétf, J., Isensee, ]. and Schulmeister, A. (2017) ‘Reporting 4.0: Management
Reporting im digitalen Kontext’, Controller Magazin, vol. 42, pp. 60-62.

137



Jessica Hastenteufel, Max Dorow, Susanne Weber

[19] Grohmann, A., Borgmeier, A. and Hable, S. (2021) “‘Digitale Transformation,
Digitalisierung, das Internet der Dinge und Geschéftsmodelle’, in Borg-
meier, A., Grohmann, A. and Gross, S.F. (ed.) Smart Services und Internet
der Dinge - Geschiftsmodelle Umsetzung und Best Practices, Miinchen:
Carl Hanser Verlag.

[20] Gronke, K., Kirchmann, M. and Leyk, ]J. (2017) ‘Big Data - Auswirkungen auf
Instrumente und Organisation der Unternehmenssteuerung’, in Horvath, P.
and Michel, U. (ed.) Controlling im digitalen Zeitalter - Herausforderungen
und Best-Practice-Losungen, Stuttgart: Schéffer-Poeschel.

[21] Grund, T., Schonbohm, A. and Tran, K. (2020) Unternehmensplanung im
Zeitalter der Digitalisierung - Ansédtze und Erfolgsfaktoren in der Praxis,
Wiesbaden: Springer Gabler.

[22] Giiler, H.A. (2021) Digitalisierung Operativer Controlling-Prozesse - Begriffs-
klarung, Anwendungsfélle und Erfolgsbeurteilung, Wiesbaden: Springer
Gabler.

[23] Giinther, T. (2018) ‘Strategisches Kostenmanagement - Stand der Umset-
zung und neue Methoden’, in Velte, P., Miiller, S, Weber, S.C., Sassen, R.
and Mammen, A. (ed.) Rechnungslegung, Steuern, Corporate Governance,
Wirtschaftspriifung und Controlling - Beitrdge aus Wissenschaft und Praxis.
Wiesbaden: Springer Gabler.

[24] Handelsblatt (2014) “Vor 25 Jahren wurde die WWW-Idee geboren’, [Online],
Available: https:/ /www.handelsblatt.com/technik/vernetzt/world-wide-
web-fuer-bill-gates-war-das-www-nur-ein-hype/9600744-2.html [5 Jan 2024].

[25] Hastenteufel, J., Glinther, M. and Rehfeld, K. (2021) ‘From Big to Smart -
Ausgewihlte Einsatzmoglichkeiten von Smart Data in Banken’, IU Discussion
Papers. Business & Management, vol. 4, iss. 8, [Online], Available: https:/ /res.
cloudinary.com/iubh/image/upload/v1629360040/Presse %20und %20For-
schung/Discussion%20Papers/Business %20and %20Management/DP_Busi-
ness_2021_08_Hastenteufel _et_al neu_xdqf9b.pdf [5 Jan 2024].

[26] Hastenteufel, J., Schuster, H. and Kiszka, S. (2022) “‘Controlling 4.0 - Heraus-
forderungen der Digitalisierung fiir das Controlling und daraus resultierende
Veranderungen des Berufsbilds von Controller:innen’, in Hastenteufel, J.,
Weber, S. and R6hm, T. (ed.) Digitale Transformation im Controlling - Pra-
xisorientierte Losungsansitze und Chancen fiir Unternehmen, Wiesbaden:
Springer Gabler.

[27] Hastenteufel, ]., Weber, S. and Rohm, T. (ed.) (2022) Digitale Transformation
im Controlling - Praxisorientierte Losungsansdtze und Chancen fiir Unter-
nehmen, Wiesbaden: Springer Gabler.

[28] Haufe (2020) Controller als Business Partner sind jetzt unersetzlich, [Online],
Available: https:/ /www.haufe.de/controlling/controllerpraxis/integrierte-
analytics-plattform-fuer-cleveres-controlling / controller-als-business-partner-
sind-jetzt-unersetzlich_112_525058.html [5 Jan 2024].

138



The impact of digitization on corporate controlling and the role of controllers

[29] Heimel, J. and Miiller, M. (2019) ‘Controlling 4.0 - Wie verdnderte Datenver-
fiigbarkeit und Analysemoglichkeiten das Controlling erneuern’, in Erner, M.
(ed.) Management 4.0 - Unternehmensfiihrung im digitalen Zeitalter, Wies-
baden: Springer Gabler.

[30] Heinzelmann, R. (2022) ‘Digitalizing Management Accounting’, in Feldbauer-
-Durstmiiller, B. and Mayr, S. (ed.) Controlling - Aktuelle Entwicklungen und
Herausforderungen - Digitalisierung, Nachhaltigkeit und Spezialaspekte,
2nd edition, Wiesbaden: Springer Gabler.

[31] Hentschel, R. and Leyh, C. (2016) ‘Cloud Computing - Gestern, heute, mor-
gen’, HMD Praxis der Wirtschaftsinformatik, vol. 53, pp. 563-579.

[32] Hentschel, R. and Leyh, C. (2018) ‘Cloud Computing - Status quo, aktuelle
Entwicklungen und Herausforderungen’, in Reinheimer, S. (ed.) Cloud Com-
puting - Die Infrastruktur der Digitalisierung. Wiesbaden: Springer Gabler.

[33] Heyse, V. and Erpenbeck, J. (2011) Kompetenztraining Informations- und
Trainingsprogramme, 2nd edition, Stuttgart: Schaffer-Poeschel.

[34] Horvath, P., Gleich, R. and Seiter, M. (2019) Controlling, 14th edition, Miin-
chen: Vahlen.

[35] Huber, H. (2017) “Agiles IT-Controlling’, in Michel, U. and Horvath, P. (ed.)
Controlling im digitalen Zeitalter - Herausforderungen und Best-Practice-
-Losungen, Stuttgart: Schaffer-Poeschel.

[36] Iafrate, F. (2014) “A Journey from Big Data to Smart Data’, in Benghozi, P.,
Krob, D., Lonjon, A. and Panetto, H. (ed.) Digital Enterprise Design & Ma-
nagement - Proceedings of the Second International Conference on Digital
Enterprise Design and Management DED&M 2014, Springer Cham.

[37] International Group of Controlling (2015) Controller-Kompetenzmodell - Ein
Leitfaden fiir die moderne Controller-Entwicklung mit Muster-Kompetenz-
profilen, Freiburg: Haufe-Lexware, [Online], Available: https:/ /www.igc-
controlling.org/fileadmin/downloads/Standards/Controller-Kompetenz-
modell_DD.PDF [5 Jan 2024].

[38] International Group of Controlling (Hrsg.) (2017) Controlling-Prozessmo-
dell 2.0 - Leitfaden fiir die Beschreibung und Gestaltung von Control-
lingprozessen, 2nd edition, Freiburg: Haufe-Lexware, [Online], Available:
https:/ /www.igc-controlling.org/fileadmin/downloads/For_members/
Controlling_Prozessmodell_2.0.pdf [5 Jan 2024].

[39] Internationaler Controller Verein & International Group of Controlling (2013)
Das Controller-Leitbild der IGC, Available: https://www.icv-controlling.
com/fileadmin/ Verein/ Verein_Dateien/Sonstiges/Das_Controller-Leitbild.
pdf [5 Jan 2024].

[40] Kappes, M. and Schentler, P. (2017) ‘Planung und Steuerung auf Basis von
Treibermodellen’, in Horvath, P. and Michel, U. (ed.) Controlling im digi-
talen Zeitalter - Herausforderungen und Best-Practice-Losungen, Stuttgart:
Schiffer-Poeschel.

139



Jessica Hastenteufel, Max Dorow, Susanne Weber

[41] Kaufmann, T. and Servatius, H.G. (2020) Das Internet der Dinge und Kiinst-
liche Intelligenz als Game Changer - Wege zu einem Management 4.0 und
einer digitalen Architektur, Wiesbaden: Springer Nature.

[42] Kieninger, M., Mehanna, W. and Michel, U. (2017) ‘Auswirkungen der Digi-
talisierung auf die Unternehmenssteuerung’, in Horvéath, P. and Michel, U.
(ed.) Controlling im digitalen Zeitalter - Herausforderungen und Best-Prac-
tice-Losungen, Stuttgart: Schaffer-Poeschel.

[43] Koch, R., Form, S. and Priebe, D. (2020) ‘Die Budgetierung im Kontext der
Digitalisierung - Eine wissenschaftliche Untersuchung zu den Potentialen
der Digitalisierung fiir die Budgetierung’, Controlling, vol. 32, pp. 54-60.

[44] Lackes, R. and Siepermann, M. (2018) Internet der Dinge, [Online], Available:
https:/ /wirtschaftslexikon.gabler.de/ definition/internet-der-dinge-53187/
version-276282 [5 Jan 2024].

[45] Lamla, J. (2017) ‘Controlling bei der Porsche Leipzig GmbH’, in Horvath, P.
and Michel, U. (ed.) Controlling im digitalen Zeitalter - Herausforderungen
und Best-Practice-Losungen, Stuttgart: Schéffer-Poeschel.

[46] Langmann, C. (2019) Digitalisierung im Controlling, Wiesbaden: Springer
Gabler.

[47] Lawton, G. (2021) Robotic Process Automation (RPA), [Online], Available:
https:/ /www.computerweekly.com/de/ definition/Robotic-Process-Auto-
mation-RPA [5 Jan 2024].

[48] Fehling, C. and Leymann, F. (2018) Cloud Computing, [Online], Available:
https:/ /wirtschaftslexikon.gabler.de/ definition/cloud-computing-53360/
version-276453 [5 Jan 2024].

[49] Linsner, R. (2017) ‘Operative Unternehmenssteuerung verbessern mit SAP S/ 4
HANA?’, in Horvéath, P. and Michel, U. (ed.) Controlling im digitalen Zeit-
alter - Herausforderungen und Best-Practice-Losungen, Stuttgart: Schéffer-
-Poeschel.

[50] Losblicher, H. and Ablinger, K. (2018) “Digitalisierung und die zukiinftigen
Aufgaben des Controllers’, in Gleich, R. and Tschandl, M. (ed.) Digitalisie-
rung & Controlling - Technologien, Instrumente, Praxisbeispiele, Freiburg;:
Haufe Lexware.

[51] Luengo, J., Garcia-Gil, D., Ramirez-Gallego, S., Garcia, S. and Herrera, F.(2020)
Big Data Preprocessing. Enabling Smart Data, Springer Cham.

[52] Méder, O.B. (2018) Controlling klipp & klar, Wiesbaden: Springer Fachmedien.

[63] Mattern, F. and Florkemeier, C. (2010) “Vom Internet der Computer zum
Internet der Dinge’, Informatik Spektrum, vol. 33, pp. 107-121.

[54] Mayr, A. (2022) “Verdanderungen im Kostenmanagement durch die Digitalisie-
rung’, in Feldbauer-Durstmiiller, B. and Mayr, S. (ed.) Controlling — Aktuelle
Entwicklungen und Herausforderungen - Digitalisierung, Nachhaltigkeit
und Spezialaspekte, 2nd edition, Wiesbaden: Springer Gabler.

140



The impact of digitization on corporate controlling and the role of controllers

[55] Meier, S. (2022) Controller zwischen Erbsenzdhlen und Business Partner,
[Online], Available: https://www.springerprofessional.de/controlling/
finanzcontrolling/ controller-suchen-ihre-rolle-zwischen-erbsenzaehler-und-
business /23300716 [5 Jan 2024].

[56] Mell, P. and Grance, T. (2011) SP 800-145 - The NIST Definition of Cloud
Computing - Recommendations of the National Institute of Standards and
Technology, [Online], Available: https:/ /nvlpubs.nist.gov/nistpubs/Legacy/
SP /nistspecialpublication800-145.pdf [5 Jan 2024].

[57] Microsoft (2022) Was ist PaaS? - Platform-as-a-Service, [Online], Available:
https:/ /azure.microsoft.com/de-de/resources/cloud-computing-dictionary/
what-is-paas [5 Jan 2024].

[58] Médritscher, G. and Wall, F. (2022) ‘Controlling und Digitalisierung - An-
derungen im Kompetenzprofil’, in Feldbauer-Durstmiiller, B. and Mayr, S.
(ed.) Controlling - Aktuelle Entwicklungen und Herausforderungen - Di-
gitalisierung, Nachhaltigkeit und Spezialaspekte, 2nd edition, Wiesbaden:
Springer Gabler.

[59] Miihlbock, S. and Kronawettleitner, D. (2022) “Von operativer Projektperfor-
mance zur strategischen Unternehmensperformance - Innovatives Multi-Pro-
jektportfolio-Modell im Anlagen- und Maschinenbau’, in Feldbauer--Durst-
miiller, B. and Mayr, S. (ed.) Controlling - Aktuelle Entwicklungen und
Herausforderungen - Digitalisierung, Nachhaltigkeit und Spezialaspekte,
2nd edition, Wiesbaden: Springer Gabler.

[60] Miiller, F. (2021) Quick Guide Digital Controlling - Wie Sie Digitalisierung
in Controlling-Prozessen umsetzen, Wiesbaden: Springer Gabler.

[61] Ploier, D. and Mayr, S. (2022) ‘Digitalisierung im Rechnungswesen und
Controlling - Praktische Aspekte der Steuer- und Unternehmensberatung/,
in Feldbauer-Durstmiiller, B. and Mayr, S. (ed.) Controlling - Aktuelle Ent-
wicklungen und Herausforderungen - Digitalisierung, Nachhaltigkeit und
Spezialaspekte, 2nd edition, Wiesbaden: Springer Gabler.

[62] Portal, F. (2020) “Wie Automatisierung und maschinelles Lernen die Finanz-
funktion neugestalten’, Controller Magazin, vol. 45, pp. 69-72.

[63] QUNIS (2022) Analytics & Big Data, [Online], Available: https:/ /big-data-
factory.de/big-data-advanced-analytics-technologien-architektur /advanced-
analytics-big-data/ [5 Jan 2024].

[64] Rieg, R. (2022) ‘Outsourcing des Controllings und Selbststandigkeit’, in Be-
cker, W. and Ulrich, P. (ed.) Handbuch Controlling, 2nd edition, Wiesbaden:
Springer Gabler.

[65] SAP (2022) SAP S/4HANA Cloud - Public Edition, [Online]|, Available:
https:/ /www.sap.com/germany/products/erp/s4hana.html [5 Jan 2024].

[66] Schéffer, U. (2017) “‘Man muss die Maschine einfach mal machen lasser’,
Controlling & Management Review, vol. 61, pp. 24-31.

141



Jessica Hastenteufel, Max Dorow, Susanne Weber

[67] Schéffer, U. and Briickner, L. (2019) ‘Rollenspezifische Kompetenzprofile
fur das Controlling der Zukunft’, Controlling & Management Review, vol. 63,
pp- 14-31.

[68] Schmitz, U. (2019) In-Memory-Technologie: Grundlagen, Vorteile und An-
wendungsmoglichkeiten, [Online], Available: https:/ /www.haufe.de/cont-
rolling/ controlling-office/in-memory-technologie-grundlagen-vorteile-und-
anwendungsmoeglichkeiten_idesk_PI914_HI11284746.html [5 Jan 2024].

[69] Schneider, T. (2022) Digitalisierung und Kiinstliche Intelligenz - Einsatz
Durch und im Controlling, Wiesbaden: Springer Gabler.

[70] Schoning, S. and Mendel, V. (2021) Kompetenzentwicklung im Controlling.
Mit systematischer Personalentwicklung in der Digitalisierung und Globali-
sierung zum Erfolg, Wiesbaden: Springer Gabler.

[71] Schrader, H., Holtrup, M. and Littkemann, J. (2022) ‘Digitalisierung im Kran-
kenhauscontrolling’, in Kiimpel, T., Schlenkrich, K. and Heupel, T. (ed.) Cont-
rolling and Innovation 2022 - Gesundheitswesen, Wiesbaden: Springer Gabler.

[72] Schulze, M. (2019) ‘Controlling-Prozessmodell 2.0 - Systematische Weiterent-
wicklung eines Controlling-Standards’, Rethinking Finance, vol. 1, pp. 33-35.

[73] Seefried, J. (2017) Kompetenzsteuerung im Controlling: ein Vorgehensmodell
auf Basis des AHP zur Entwicklung der Finance Business Partner Funktion,
Epubli GmbH, Berlin.

[74] Soldatos, J. (2021) A 360-degree view of IoT technologies, Norwood: Artech
House.

[75] Statista (2022) Digitalisierung - Wo steht Deutschland?, [Online], Availa-
ble: https:/ /de.statista.com/themen/9036/ digitalisierung-in-deutschland /
[5 Jan 2024].

[76] Tridion (2022) Tridion fiir ein unternehmensweites Wissensportal, [Online],
Available: https:/ /www.rws.com/ de/content-management/ tridion/know-
ledge-hub/ [5 Jan 2024].

[77] Von Vanini, U. (2022) Risikocontrolling in der Unternehmenspraxis, in Be-
cker, W. and Ulrich, P. (ed.) Handbuch Controlling, 2nd edition, Wiesbaden:
Springer Gabler.

[78] Wagner, E. (2022) ‘CSR als Risikomanagement-Tool’, in Feldbauer-Durst-
miiller, B. and Mayr, S. (ed.) Controlling - Aktuelle Entwicklungen und
Herausforderungen - Digitalisierung, Nachhaltigkeit und Spezialaspekte,
2nd edition,, Wiesbaden: Springer Gabler.

[79] Wagner, P. and Wernitz, F. (2022) ‘Digitalisierungsschritte im Controlling -
Zum Umgang mit Widerstdnden’, in Hastenteufel, J., Weber, S. and R6hm, T.
(ed.) Digitale Transformation im Controlling - Praxisorientierte Lésungsan-
sdtze und Chancen fiir Unternehmen, Wiesbaden: Springer Gabler.

[80] Wolf, T. and Heidlmayer, M. (2022) ‘Die Auswirkungen der Digitalisierung auf
die Rolle des Controllers’, in Feldbauer-Durstmiiller, B. and Mayr, S. (ed.) Con-
trolling - Aktuelle Entwicklungen und Herausforderungen - Digitalisierung,
Nachhaltigkeit und Spezialaspekte, 2nd edition, Wiesbaden: Springer Gabler.

142



The impact of digitization on corporate controlling and the role of controllers

[81] Zawaideh, F.H., Ghanem, W.A.H.M., Yusoff, M.H., Saany, S.I.A., Jusoh, J.A.
and El-Ebiary, Y.A.B. (2022) ‘The Layers of Cloud Computing Infrastructu-
re and Security Attacking Issues’, Journal of Pharmaceutical Negative Results,
vol. 13, pp. 792-800.

[82] Zhou, Z.H. (2021) Machine learning, Singapore: Springer Nature.

[83] Ziegler, A. (2020) Der Aufstieg des Internets der Dinge - Wie sich Industrie-
unternehmen zu Tech-Unternehmen entwickeln, Frankfurt: Campus Verlag.

Summary

Digitization is a megatrend that strongly influences organisations and is reflected in all business
processes and operational functions. It is therefore not surprising that controlling is also affected
by digitization. This paper first defines and explains the key sub-processes of controlling and
describes the traditional role and tasks of controllers that are derived from this. Next, selected
technologies such as the internet of things, big data, cloud computing and artificial intelligence
are described in detail and their influence on controlling and the role of the controller is ana-
lysed. It is shown that digitization is already having a significant impact on controlling and
still holds considerable potential for the future. This will also lead inevitably to a continuous
refinement of the role and tasks of controllers, whereby they will have to further expand their
knowledge and skills in the future.

JEL codes: G39, M19, M49

Keywords: digitalization, controlling, controlling processes, controller






Managerial Economics
2023, Vol. 24, No. 2, pp. 145-164
https:/ /doi.org/10.7494 /manage.2023.24.2.145
©2023 Authors. Creative Commons CC-BY 4.0

Aneta Kosztowniak*

The impact of markups and wages
on changes in the level of inflation in Poland**

1. Introduction

In order to limit the negative impact of price increases on real economic
processes, many central banks treat the fight against inflation as a key priority of
their economic policy. Anti-inflation policy evolves from a Keynesian (demand)
approach using fiscal policy tools, through a monetarist (supply) approach fo-
cused on regulating the amount of money, to comprehensive monetary policy
instruments, including mainly interest rates, open market operations, reserve
requirements or non-standard instruments of portfolio reduction bonds and others.

Isolating the most effective ways and tools to fight inflation is not easy, tak-
ing into account the unprecedented overlapping of numerous events such as the
aforementioned COVID-19 pandemic and the energy crisis related to Russia’s ag-
gression in Ukraine. These events caused numerous disturbances in the monetary
and fiscal spheres, business activity (in the areas of supply chains or investment
policy in the domestic sector and foreign trade), as well as in the functioning
of households (in the area of employment or income). They were the source of
numerous shocks of an exogenous and endogenous nature, on which financial
policy in the short and medium term often has a limited impact, resulting in the
consolidation of inflation expectations in the economy.

This situation forces us to verify the existing theoretical and empirical studies
on the determinants of the CPI and the channels of influence. Identifying whether
we are dealing with demand or supply inflation, short- and long-term paths of
inflation/ disinflation in accordance with the model Philips curve. This situation
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