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ABSTRACT

The development of innovative Smart Services holds a wide range of potential for
companies, but also poses challenges due to the complexity involved. In current sci-
entific literature, the use of AI is seen as having the potential to reduce precisely this
complexity in innovation processes. This article examines the extent to which this
also applies to the development of Smart Services. For this purpose, challenges in
the development process are first described in more detail and general potentials for
the support of AI along generic functionalities are considered. Based on this, initial
ideas are presented as to how AI can support the individual development steps in the
development process of Smart Services.
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INTRODUCTION

Digital technologies are considered to be a central growth and innovation
driver for the service sector. The potential of digital technologies is parti-
cularly pronounced for the development and provision of so-called Smart
Services. On the basis of data collected and analysed with intelligent techno-
logies, situational needs can be detected, and services adapted and converted
into customer- and provider-related added value. Despite the potentials of
Smart Services, many companies face major challenges in developing them.
In addition to a high degree of complexity, interdisciplinarity and a lack of
design knowledge, there is also a lack of methods and tools for the systematic
development of Smart Services (Neuhüttler, 2022). Due to constantly chan-
ging customer needs and rapid technical developments, Smart Services have
short life cycles, which is why efficient and targeted development and con-
stant innovation capability are important pillars for the successful offering
of Smart Services.

The current advances of Artificial Intelligence (AI) suggest that humanity
may be on the cusp of the next industrial revolution (Mcginnis, 2020; Tho-
mas, 2020). AI has the potential to fundamentally change the way people
live, work, and educate themselves (Bitran, 2021; Nägele et al., 2021; Pew
Research Center, 2018). For companies, too, there is an opportunity for AI to
revolutionize the way companies do business and innovate (Neuhüttler et al.,
2020a). AI, for example, enables organizations to tackle complex problems
and streamline processes in ways that were previously impossible (Beale,
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2022; Füller and Bilgram, 2018). Early contributions from the research com-
munity make it clear that AI is likely to be a general-purpose technology that
has the potential to revolutionize innovation in two directions: The products
and services that are being innovated and the way the research and innova-
tion processes are organized (Cockburn et al., 2018). In addressing how to
organize the innovation process, AI has the potential to incorporate an incre-
asing amount of data and information to reduce both the risk and cost of
innovation (Sudhir, 2016).

Against the backdrop of high complexity and uncertainty in smart service
development and the potential of AI for innovation management, the fol-
lowing question arises: How can data and AI support the development of
innovative Smart Services? In the following chapters, we will explore this
question by first taking a closer look at the challenges of smart service develo-
pment and the generic potentials of AI for innovation. Based on these insights,
we will present initial ideas on how AI can support the different development
phases.

DEVELOPMENT OF SMART SERVICES

In a first step, it is necessary to characterize Smart Services as an object of
development in more detail. Bullinger et al. 2017 describe Smart Services
as “data-based, individually configurable bundles of personal services and
digital services that are based on intelligent technology and organized and
delivered via digital platforms.” (Bullinger et al., 2017). Thereby, data col-
lected from the Internet of Things (IoT) or other sources allows drawing
comprehensive conclusions about customer needs and thus allows adaption
of offered services. AI plays a major role for deploying advantages of Smart
Services, such as the automated extraction of information required for indi-
vidualization or the more automated or even autonomous service provision
via physical or digital robots (Neuhüttler et al., 2020b; Paluch and Wirtz,
2020).

Building on this understanding, following characteristics of Smart Services
can be derived that need to be taken into account during development (Neu-
hüttler, 2022). (1) High complexity: Smart Services are brought together on
the basis of data from different modules and can therefore take on many
different variants. (2) Provision in ecosystems: In order to be able to design
and provide Smart Services reliably and economically, cooperation across the
boundaries of individual providers and sectors is increasingly necessary. (3)
High degree of interactivity: Smart Services unfold their distinct value during
a process, in which provider- and demand-side resources - especially data -
are combined. (4)Automated individualization: The use of intelligent techno-
logy and intensive data processing with machine learning algorithms enable
a highly automated provision of individualized services. (5) Immateriality:
Relevant service components of Smart Services, such as interactions, data,
algorithms or service results, e.g. in the form of new insights, predictions or
recommendations, are difficult to grasp and can only be perceived during the
service delivery process.
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For development, certain challenges arise from the specific characteristics
of Smart Services: Due to the different service components, service develo-
pment approaches must be more closely intertwined with the disciplines of
software engineering and data science. In addition, the requirement to be able
to continuously offer customer-specific configurations as solutions results in
the need for a high speed of adaptation and the shortest possible development
cycles. However, short-cycle, interdisciplinary development also places new
demands on developers, for example in the form of T-shaped competence pro-
files (Demirkan and Spohrer, 2015; Ahner et al., 2021). The lack of suitable
human resources is considered amajor obstacle to the successful development
and introduction of Smart Services (Friedrich and Schiller, 2022). In order to
meet the goal of a high level of customer orientation, the early and continu-
ous involvement of customers and users during development is a necessary
task. Particularly, involvement in early tests to validate prototypes is seen as
critical to success, in order to increase customer orientation and enable effi-
cient and rapid development of accepted solutions. The formulated need for
greater integration of stakeholders also results from the increasingly coope-
rative provision of Smart Services in ecosystems. Accordingly, development
projects often do not take place within the boundaries of a single company,
but between different players. The interests, resources and development con-
tributions of the various players in an ecosystem must be taken into account
and coordinated by means of suitable process models and methods.

In order to carry out the development work efficiently and successfully,
it is useful to follow a clearly structured process from the outset. This is
referred to as a reference model, which defines development tasks and their
sequence. In principle, clear structuring of the development process should
prevent the individual steps from being random, duplication of effort and
repetition of previous mistakes. Furthermore, a defined development process
for Smart Services increases the transparency of tasks and responsibilities.
Figure 1 illustrates a reference model for the development of Smart Services.

Figure 1: Reference process for developing Smart Services (adapted from Bullinger
et al., 2015).

The reference model is structured as a task-based development process
comprising six phases. During the “problem analysis”, new needs for a smart
service or known needs of relevant stakeholders that have not been addres-
sed by current offerings are identified and elaborated. “Ideation” comprises
the collection and review of suitable ideas. During the “Service Conception”,
detailed concepts, including value proposition, delivery processes, required
ressources as well as a revenue model, are drawn up. The concepts are
then carefully tested in terms of their functionality, but also in terms of the
perceived quality of stakeholders. In the iterative sequence of designing and
testing activities, smart service concepts are successively developed into com-
plete solutions that can be implemented. Once all components have been
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implemented, the market launch can begin. During the engineering of Smart
Services, integration of knowledge and resources of stakeholders is a key
success factor. Due to the integrative and processual nature of services as
well as their situational, context-specific and individual value deployment,
customer-specific knowledge and resources have to be taken into account in
order to develop valuable and meaningful solutions.

POTENTIALS OF AI FOR INNOVATION AND DEVELOPMENT

AI can help companies gather, analyze and interpret vast amounts of data to
identify trends, opportunities, and threats that would be difficult or impos-
sible for humans to detect (Haefner et al., 2021; Mühlroth, 2023). This can
allow companies to better understand their customers, markets, and opera-
tions, and make informed decisions that drive growth and competitiveness
(Andreae, 2023). By analyzing customer behavior, market trends, and com-
petitive intelligence, AI can help organizations identify new opportunities
and make informed decisions about which products and services to develop,
which helps companies to reduce the risks associated with developing innova-
tive offerings and improve the chances of success. Moreover, AI can support
innovation management by automating various tasks and processes, such as
identifying patterns and relationships in data, automate decision-making, and
streamline workflows (Vogel-Heuser et al., 2020). This can help companies
make better use of their resources, reduce costs, and increase efficiency (Beale,
2022).

In order to better understand the possible potential for the development of
Smart Services within our paper, the different functionalities of AI can first be
considered. Building on the work of Kristian Hammond, the so-called perio-
dic table of AI was developed. It comprises 28 AI elements, which represent a
partial function in the sense of an encapsulated functionality that can be com-
bined with one another (cf. Bitkom, 2018). In addition, the elements are each
assigned to one of three groups representing a typical processing step of an
AI use case, from “Assess” (e.g., the detection of a certain situation by data)
to “Infer” (e.g., prediction of a state based on this) to “Respond” (e.g., an
action derived from this). By selecting at least one element from each group,
the support of AI in concrete applications can be described and characterized
in more detail (see Figure 2).

Figure 2: Groups of elements in the periodic system for artificial intelligence (source:
adapted from Bitkom, 2018).
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The periodic table helps to determine and clarify which functionality can
support the development process. However, it does not describe how the
functionalities contribute to the completion of the development tasks and
whether they are understood as an autonomously acting entity or in a new
form of labor division between AI and human developers. The concept of
division of labor dates back to times when the use of technology in the
working environment was not yet very pronounced. In an AI-supported
innovation management, the potential is often seen in the augmentation of
non-routine or knowledge work (Raisch and Krakowski, 2020). Augmen-
ting such activities in innovation management with machines, hardware and
software solutions means supporting and extending human capabilities in
decision making and implementation. Processes automated by technology
must be predicted and handled by humans with the help of technological aids.
The expanded radius of possibilities of humans through technology must be
used more intensively, also by people explaining the significance and pos-
sible applications of new technologies (e.g. artificial intelligence) to other
people (Rahwan et al., 2019). To achieve augmentation, the performance of
machines and humans in relation to activities or small parts of work pro-
cesses must be integrated, and joint learning from work practice must take
place. The augmentation of work by AI (see Figure 3) can be described as a
co-evolutionary process or a symbiotic interaction in which machines learn
from humans and humans learn from machines (Amershi et al., 2015).

Figure 3: New rules for digital interaction.

The characteristics of symbiotic interaction within innovation manage-
ment or development processes cannot be clearly described. The assumption
here is that the interaction between people and technology differs greatly
depending on the level of innovation, type of innovation and the task to be
completed within the innovation process. For example, it can be assumed
that incremental process innovations will largely take place without human
intervention and, only if necessary require a final implementation decision by
a human. Disruptive innovations, however, with a high degree of novelty far
from known patterns will be strongly characterized by a collaborative inte-
raction between human and machine. This raises the question of the extent
to which creativity and inventiveness, for example, are and remain purely
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human characteristics. In a first approximation it can be said that AI can be
creative in some ways but is still far from replacing or surpassing the crea-
tivity of humans. AI systems can be creative by accessing large amounts of
data and using pattern analysis and machine learning to identify new oppor-
tunities for humans to review and develop. However, these novel insights are
often derived from already existing patterns in analyzed data. Moreover, it
is important to note that AI systems do not have their own awareness or
understanding of the context in which they are used. They also cannot have
their own values or perspectives and therefore cannot generate truly new and
original ideas that ensure a high level of social and customer acceptance at
the same time.

In practice, AI systems often play a supporting role in analysis and idea
development, but the final implementation and refinement of an idea still
requires human creativity and judgement. For the qualitative leap in the
transformation of work, models of a new division of labour in symbiotic
interaction should focus on the designability of positive interaction between
humans and technology. This includes giving machines the status of actors
in the socio-technical work system and enabling mutual learning between
humans and machines. (Amershi et al., 2015; Daugherty and Wilson, 2018;
Rai et al., 2019).

AI-SUPPORTED DEVELOPMENT OF SMART SERVICES

In the previous sections, we presented the challenges of developing Smart
Services on the one hand and general potentials and functionalities of AI
on the other. The development of Smart Services can be characterized by
a complex development object with a high degree of individualization, by
short innovation cycles, new competence requirements for developers and the
need for repetitive integration of customers. The potential of AI to support
human developers by taking over individual functions in the development in
symbiotic interaction therefore appears potentially valuable. This section will
present initial ideas as to which tasks could be performed in the future with
AI support and which AI functionality from the periodic table is required for
this purpose (cf. Table 1).

Different types and functionalities can support different phases of the
service development process. Within the problem analysis, Natural Language
Processing (NLP), for example, can be used to analyze customer feedback,
social media posts, and other sources of customer data to identify unmet
needs. Especially the recognition of emotional states of customers provi-
des opportunities for service innovation. In addition, data from customers’
networked, physical objects can also provide important clues for new Smart
Services. Within the ideation phase, AI can support the search for previ-
ously unserved branches with existing data and service capabilities or prevent
developing ideas that already exist. Within conception, generative AI appli-
cations can be used to prototype service artefacts in early stages to improve
communication in interdisciplinary development teams regarding the imma-
terial development object. If the relevant factors influencing the value in use
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are known, various configurations and application scenarios can be simu-
lated and evaluated in terms of their impact. From the large number of
configurations and application scenarios to be considered, particularly pro-
mising variants can thus be selected and validated with real users. The speed
and efficiency of development can be increased, which means that the requi-
rement for agile development projects can be better met. One challenge,
however, is the transformation of immaterial and intangible constructs into
mathematically formalized elements that can be used for algorithm-based
optimization of an objective function.

Table 1. Ideas for supporting smart service development through AI.

Phase Initial ideas for AI-supported development tasks Potential AI
support

Problem analysis Analyzing NPS results, customer feedback, social media posts or
service reports to understand strengths and weaknesses of existing
services and identify unsatisfied needs based on sentiment
analysis.

Sr; Te; Gr;
Da; Gi; Lu;
Ei; Sy; Lc

Prediction of emerging trends and their impact on existing supply
using automated text analysis of patent applications, scientific
literature, and trend reports combined with prescriptive and
predictive analysis capabilities.

Da; Te; Pi;
Lr; Lc; Pl

Ideation Matching existing service capabilities with needs and problem
areas from other industries through AI-powered semantic
functional analysis to generate ideas for new application areas.

Da; Te; Sy;
Lu; Lr; Lc;
Ps;

Finding and displaying similar ideas and innovation projects to
avoid similarities within own corporation and branch as well as
get inspiration from other branches.

Da; Gr; Gi;
Te; Lu; Pi;
Ei; Sy

Conception Identification and segmentation of customer groups based on
previously unknown but potentially relevant characteristics and
patterns from data.

Da; Ei; Sy;
Lr; Lc; Lt

Use generative AI to visualize service concepts at an early stage in
the form of mock-ups, taking into account identified target
groups.

Lg; Cn; Cn

Along predefined development parameters and components of the
development object, AI can be used to simulate all possible
variants and configurations of the smart service delivery process.
With the help of selection criteria, such as physical feasibility and
positive impact on efficiency or customer experience, particularly
promising variants can be selected for further inspection.

Pi; Ei; Pl;
Ps; Dm; Sy

Test Use generative AI to create virtual test worlds in which service
delivery and service artifacts can be simulated and evaluated with
potential users in an individualized context.

Generative
AI; Pi; Cn

Collect and analyze metadata when conducting real-world user
testing, such as emotion recognition when answering validation
questions or facial expressions during service delivery.

Sr; Fr; Da;
Ei; Gi; Lu;

Implement Automated generation of synthetic data to train AI models for
smart service delivery, using generative AI (such as GAN).

Generative
AI; Lg

Apply predictive analytics and reinforcement learning to monitor
and optimize service performance in real-world settings.

Pi; Lc; Lt;

Data-based prediction of required resources to deliver the
developed smart service.

Pi; Lr; Ps;

Launch Make customer care and customer service efficient and natural
with the help of social robots (e.g. with chatbots or virtual
assistants).

Si; Cm; Cn;
Lg; Fr

Personalized targeting and promotional activities during the
launch of the new service.

Sy; Sr; Cn

Continuous improvement of smart service by learning from new
data and feedback with transfer and continual Learning
algorithms.

Ps; Lt
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Smart Services are characterized by a situation-specific individualization.
To be able to test the perceived benefits of a smart service with stakeholders,
relevant, individual context factors must therefore be taken into account and
simulated (cf. Neuhüttler et al., 2022). By using generative AI, for exam-
ple, 3D test environments can be individually tailored to test subjects and
improve the validity of the tests. A central characteristic of Smart Services
is the AI-supported automation of individualization. For developing bene-
ficial Smart Services, effective AI algorithms must be trained that reliably
recognize situational needs, which requires a large number of high-quality
data sets. However, especially in the development of new Smart Services or
highly fragmented use cases, these training datasets are often missing. The
automatic generation of synthetic data using AI could contribute to solve
this problem. Finally, the market launch can be supplemented by various
AI-supported marketing activities (cf. Huang/Rust, 2021).

CONCLUSION

The aim of our paper is to make a first investigation of potentials of AI for the
development of Smart Services. Three contributions were made to this end.
First, the challenges in the development of Smart Services were described.
Second, the generic potentials of AI for innovation and development proces-
ses were described, looking both at the individual functions of AI and the
symbiotic collaboration during development. Finally, a summary was given
in which exemplary ideas for the use of AI during the six development pha-
ses of Smart Services were given as well as the AI functionalities used for this
purpose.

In conclusion, AI has the potential to significantly impact innovation
management by streamlining processes, providing valuable insights, and
enabling organizations to make informed decisions that drive growth and
competitiveness. Nevertheless, AI does not enable innovation at the push of
a button. Rather, it is a versatile tool that can support development at all sta-
ges and will lead to a new division of labor. AI does not distinguish between
different types of innovation. For the use of AI to succeed, however, three
specific questions must be answered. It is about (1) knowing which type of
AI can support specific steps during development, (2) having the right and
appropriate data sets (in terms of quality and quantity) and (3) having the
knowledge and experience which type of division of labor best supports the
desired type of innovation or even makes it possible in the first place. For the
innovation and development of Smart Services, however, there is so far no
insight into how these generic potentials can be exploited.

Our paper is a first starting point based on the consideration of scientific
contributions and therefore does not allow a final conclusion on the potential.
Rather, more research as well as practical applications must demonstrate and
evaluate the true benefits of AI for the development of Smart Services.
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