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ABSTRACT 
Nowadays, companies operate in increasingly competitive and dynamic markets with fast-changing 
customer needs. Simultaneously, major advances are being made in information and communication 
technologies, and the digitization of products is progressing. Based on these economic and technological 
trends, smart product-service systems (PSS) are emerging as a new form of business model. Recent 
studies show that the transition to developing smart PSS is a major challenge for companies and that 
they require methodological support, as their internal structures are undergoing significant changes. 
 
In order to provide a sound basis for support, we have undertaken a comprehensive study to identify 
requirements for a smart PSS development framework. 24 interviews and 5 workshops with companies 
that have recently focused on the development of smart PSS provide a rich set of empirical data to 
explore the challenges faced by companies today. We systematically analyzed the data and evaluated 
the results with our respondents. To increase the robustness and generalizability of our findings, we 
performed a contextual literature review and analyzed additional cases. This led us to a set of 17 
requirements for a smart PSS development framework. 
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1 INTRODUCTION 

Today’s companies are operating in ever more competitive markets. Due to fast-changing customer 

needs and increasing market dynamics, companies are struggling to differentiate themselves from their 

competitors (Verhoef et al., 2021). To counteract this trend, manufacturers have been integrating 

additional services into their portfolios for some time to enhance their value proposition (Lee and Kao, 

2014). In this way, companies are transforming their product-oriented business models into system-

oriented ones (Chowdhury et al., 2018; Rizvi and Chew, 2018). Besides increasing their 

competitiveness, companies are primarily concerned with increasing customer satisfaction and 

generating new opportunities for value creation. Recent studies show the growing efforts of small and 

medium-sized enterprises (SMEs) to manage the shift toward more service- and system-oriented 

product development (Schiller et al., 2022). The resulting product-service systems (PSS) can offer 

considerably higher value to customers and providers alike, especially when they interact as a system 

(Meier and Uhlmann, 2012; Spath et al., 2012). For example, customers can benefit from the increased 

availability and reliability of plants and machines while providers achieve higher sales from their 

service business (Meier and Uhlmann, 2012). 

In addition to servitization, another trend exists in manufacturing: The digitalization of products and 

plants in pursuit of “Industry 4.0,” which is driven by major advances in information and 

communications technology (ICT) (Legner et al., 2017). Embedded sensors, software, and electronic 

components are bringing a new level of intelligence to products (Kuhlenkötter et al., 2017; Böhmann 

et al., 2018). Such “smart products,” which are also part of cyber-physical systems (CPS) (Rizvi and 

Chew, 2018), can generate data and communicate with external entities via the internet (Abramovici, 

2018) to allow remote monitoring and control or even (semi-)autonomous operation (Gausemeier et 

al., 2013; Vogel-Heuser, 2014; Filho et al., 2017). Therefore, they offer the potential to provide data-

based smart services and establish the basis for smart product-service systems (smart PSS) 

(Kuhlenkötter et al., 2017; Zheng et al., 2017). The value proposition of a smart PSS is characterized 

by the integration of smart tangible products and data-based intangible services. 

Based on these parallel trends in technology (digitalization, here referred to as “smart”) and the market 

environment (servitization, here referred to as “PSS”), new smart PSS business models are emerging. 

However, these trends extend the classic product design domain into new branches and introduce an 

increased number of dependencies, thus increasing the complexity of the product and software 

architecture. This gives rise to a wide range of reasons for studying the development of smart PSS. 

While companies often already follow defined and established development processes for designing 

traditional products, there is a lack of processes for systematically developing smart PSS. For this 

reason, many companies, especially small and medium-sized enterprises (SMEs), still face major 

challenges in this regard when dealing with these more complex systems (Heinz et al., 2022a). 

2 PROBLEM CLARIFICATION AND GOAL 

Recent developments show how the systematization of design processes is seeking to catch up with 

technological advances. For example, the guideline VDI 2206, which was used in the past as a guideline 

for the development of mechatronic products, now primarily deals with the development of CPS since its 

recent revision (VDI/VDE 2206, 2021). However, the guideline only mentions service development or 

service integration in passing, leaving the systematic procedure for integrating service and product 

development an open question. On the other hand, there are also specific guidelines for service 

development, such as the DIN SPEC 33453 (2019). This guideline, in turn, focuses exclusively on 

developing services and hence does not address integrated product and service development. Separate 

development processes can lead to improper conformity of product and service, which limits the value 

proposition, hinders the coordination of development efforts, and contradicts the systems engineering 

approach (Abramovici, 2018). Developing smart services, in particular, the integrated development of 

smart services and products is by no means trivial and therefore it requires adequate support. 

In the context of systems engineering, it is necessary to distinguish classical downstream product-

oriented services, like after-sales, from services in PSS, like condition monitoring, as they have different 

value structures and require different development approaches. Since traditional downstream services are 

mostly designed for products that have already been specified, they have little to no impact on the 

product architecture (Schenkl, 2015). In contrast, services in PSS are an integrated element of a business 

model. Such services must be given careful consideration as early as the product development stage 

https://doi.org/10.1017/pds.2023.309 Published online by Cambridge University Press

https://doi.org/10.1017/pds.2023.309


ICED23 3087 

because they influence and are influenced by the product architecture (Paliyenko et al., 2022). Adding 

“smartness” to the concept of PSS changes and expands the possible services that can be provided as part 

of the PSS: As smart products generate data, they enable data-based services that were not feasible 

before. According to current literature, moving from PSS development toward smart PSS development is 

a major challenge for companies (Beverungen et al., 2017; Zheng et al., 2019; Heinz et al., 2022a). 

Currently, enterprises try to tackle the development of smart PSS on their own and are struggling 

because they often lack the resources and knowledge to manage the development of such systems 

(Schiller et al., 2022; Paliyenko et al., 2022). Due to the high complexity of smart PSS design, 

manufacturers need support by providing suitable methodologies, i.e., procedures, methods, and tools 

(Idrissi et al., 2017; Paliyenko et al., 2022). Meanwhile, literature addressing the integrated 

development of smart PSS is scarce, while the existing literature only briefly addresses related issues 

(Abramovici, 2018; Chowdhury et al., 2018; Rizvi and Chew, 2018). 

According to research by Kuhlenkötter et al. (2015) and Böhmann et al. (2018), it is necessary to 

reconsider and adapt the classical approaches of product development to the development of smart PSS. 

Further research analyzes the applicability of classic methods of product engineering (Hagen et al., 2018) 

and service engineering (Marx et al., 2020) for the development of smart PSS. Their research shows that 

the methods and frameworks have to be adapted to the specific requirements of smart PSS, but the 

authors do not state what exactly those requirements are. In order to provide adequate support for the 

development of smart PSS, a systematic design approach embedded in practical application is essential 

for creating a smart PSS methodology – and valid assumptions play a key role as the basis of this 

creation process (Verdugo et al., 2018; Broy et al., 2020). Therefore, as a first step, it is vital to 

investigate the requirements for a smart PSS development framework (Spohrer and Demirkan, 2015).  

Overall, the body of literature shows that the design of a smart PSS development framework has yet to 

be solved by research. Therefore, this paper aims to answer the following research question: Which 

requirements does a methodological framework for the development of smart PSS need to fulfill? With 

this empirical study, we explore and identify the (current) needs of enterprises and provide a sound 

overview of requirements for further research. In this way, we draw on insights from practitioners 

currently trying to adapt to the development of smart PSS as well as the existing literature.  

This paper is structured as follows: Section 3 describes our research method, namely an extensive 

study, and depicts its key elements. Section 4 presents the results and provides a reflection of the 

findings in the context of the existing literature. Section 5 contains a detailed discussion of our 

findings, and section 6 concludes this paper with an outlook and potential areas for future research. 

3 RESEARCH METHODOLOGY 

As our primary data source, we examined five intentionally chosen sample cases of SMEs 

representing different industries, positions in their value chain, and company ages to obtain a broad 

picture. Each of the companies has built a successful business model around the provision of physical 

goods combined with non-digital downstream services (e.g., system design, after-sales purchases, 

maintenance, or troubleshooting). Driven by internal transformation processes and the potential of 

digitalization, the five cases have recently put a strategic focus on integrating their product and service 

offerings into product-service systems and using digital technologies to make their offerings “smart”. 

3.1 Data collection and research setting 

The five cases offer insights for answering our research question, as their novel engagement with smart 

PSS development and their rather small company size allow us to gain a holistic view of their 

requirements for methodological support in this context. To gather empirical data that allowed us to 

derive requirements for a framework for smart PSS development, we interviewed decision-makers from 

each case who have a central role in the context of smart PSS development in their respective firms. We 

conducted 18 semi-structured, open-ended interviews with leading questions that focused on six areas:  

1. Descriptions of currently offered products and services.  

2. The organizational context of the recently launched smart PSS development project, including 

the interviewee’s role in the project.  

3. Identified strengths and weaknesses related to smart PSS development.  

4. Development processes currently in use, including responsibilities, milestones, and methods 

used.  
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5. Internal and external management of communications, data, and information.  

6. Requirements for methodological support of smart PSS development.  

The average duration of the 18 interviews was approx. 80 minutes. All interviews were recorded and 

transcribed, while the workshops were recorded and documented in written form. Following the semi-

structured interviews, we conducted individual workshops with each company to bring together 

employee-specific perceptions of the development processes and related issues, thus reaching a 

common understanding. In these sessions, we aimed to investigate the enterprise’s practices and 

understand the existing development processes. The insights and results from the interactive 

workshops were used for the following case analysis. 

Finally, we triangulated our data by first interviewing decision-makers of six additional SMEs 

representing different levels of smart PSS adoption (applying the same interview guideline with less 

granularity) and - in parallel - thoroughly reviewing the existing body of knowledge on suggested 

development processes in the context of servitization and digitalization. These secondary materials 

helped us to generalize and validate our empirical findings throughout the data analysis and link the 

findings to the existing academic debate. Table 1 provides an overview of the examined material. 

Table 1. Case description and collected primary and secondary material 

Primary Data  

Description Collected Data 

5 purposefully sampled cases 

of SMEs (< 250 employees) 

Interviews were conducted until theoretical saturation was reached; 

workshops were attended by interviewees and additional experts 

Alpha: Parts suppliers of 

plastic seals for system 

solutions  

(< 250) 

4 interviews, 1 workshop: 

Director of digital transformation*; Director of technology  

and innovation*, **; Product developer*, **; IoT developer*;  

Service manager* 

Beta: Modular contract 

development (< 50) 

3 interviews, 1 workshop: 

CEO*; Project manager*; Project manager*; PR manager* 

Gamma: Single-order 

producer of electric 

components (< 250) 

5 interviews, 1 workshop:  

Director of R&D*; Director of software development*; Software 

developer*; IoT developer*; Product manager* 

Delta: Product manufacturer 

of laser technology (< 250) 

2 interviews, 1 workshop: 

After-sales manager*; Product manager*, **; Product manager*, 

** Service manager* 

Epsilon: Hardware start-up 

for battery systems (< 20) 

2 interviews, 1 workshop:  

CEO*; Product manager*; Product developer* 

[Acronym: Firm Description 

(Employees)] 

* Participated in the workshop 

** Joint interview 

Secondary Data  

6 expert interviews with 

representatives of SMEs 

other than the primary cases  

(I1 – I6) 

I1: Hydraulic valve systems (Director R&D, < 100) 

I2: Plastic and sealing components (CEO, < 100) 

I3: Mechanical engineering (CEO, < 20) 

I4: Filter systems for the process industry (CEO, < 50) 

I5: Optics for laser machining (Lean Manager, < 250) 

I6: Industrial data, AI, and IoT solutions (CEO, < 50) 

[Acronym: Enterprise Description (Role, Employees)] 

Analysis of research articles A contextual literature review was performed in order to derive 

requirements from smart PSS characteristics and existing 

development frameworks for products, services, or PSS 

3.2 Data analysis 

As shown in Figure 1, the analysis of the collected data was structured into a divergent phase (Phase I) 

and a convergent phase (Phase II), in each of which proven methods of qualitative content analysis 

(Mayring, 2004; Meuser and Nagel, 2009) were applied. After immersing ourselves in the collected 

primary data, we first derived codes for each case’s (a) initial situation, e.g., the engineering processes 

and methods used, established roles, or critical tasks, (b) existing weaknesses in dealing with 

challenges related to the development of smart PSS, and (c) case-specific objectives motivating the 

https://doi.org/10.1017/pds.2023.309 Published online by Cambridge University Press

https://doi.org/10.1017/pds.2023.309


ICED23 3089 

interviewees to adopt tailored processes and methods (I.1). Second, a cross-case analysis was 

conducted to compare the cases and to identify case-specific and cross-case requirements for the 

design of a smart PSS methodology, resulting in a set of 49 requirements (I.2). In a third step, our 

interviewees were asked to evaluate the generated list of requirements. In doing so, the practitioners 

were asked to prioritize the requirements for their company and to justify this prioritization. They were 

also able to suggest revisions, ask questions for clarification, and voice their comments (I.3). 

In the first step of the converging phase, we used the semi-structured feedback provided to revise the 

requirements catalog (II.1). In a subsequent aggregating step, we relied on a contextual literature 

review and six interviews with additional cases (“secondary material” in Table 1) to triangulate and 

generalize our findings (II.2). This step led us to a set of 17 requirements for a smart PSS development 

framework, which has been divided into two categories (general requirements and smart PSS-specific 

requirements) and is presented in Section 4. Finally, we reflected on our research process in several 

research discussions among the authors and synthesized our findings by deriving three tensions arising 

from the particular nature of smart PSS development, which we present in Section 5 (II.3). 

 

Figure 1. Data analysis procedure 

4 REQUIREMENTS FOR A SMART PSS DEVELOPMENT FRAMEWORK 

Overall, our research yields 17 requirements for a smart PSS development framework, which are split 

into a set of “general requirements” that apply to any engineering design methodology (Table 2) and a 

set of “functional requirements” that are specific to smart PSS development (Table 3). Both tables 

contain brief descriptions with key statements about each requirement. 

Table 2. General requirements for a smart PSS development framework (following Keller 
and Binz (2009)) 

Requirement Description 

Revisability (R1) The validation and verification of the framework within the 

associated community must be possible. 

Scientific soundness (R2) The framework must be objective, reliable, and valid. Thus, consider 

and reduce the creators’ and users’ biases. 

Applicability (R3) The framework must be applicable to a non-trivial problem. 

Therefore, it needs to be comprehensible, learnable, and repeatable. 

Complexity reduction (R4) The framework must reduce the complexity of the problem by 

structuring it and breaking it down into simpler tasks. 

Flexibility (R5) The framework must allow for alternative combinations and 

sequences of tasks and methods within the framework. 

Practical relevance (R6) Demand for the specific framework must exist, and it needs to 

perform at least as well as existing methodologies. 

Usefulness (R7) The framework must be both effective and efficient, providing the 

desired result and reducing the required effort. 

 

The first set of general requirements (revisability, scientific soundness, applicability, complexity 

reduction, flexibility, practical relevance, and usefulness) corresponds to the requirements defined by 

Keller and Binz (2009). The authors performed a meta-analysis on engineering design research, 

engineering design methodologies, and their development, which allowed them to extract general 

requirements on engineering design methodologies. A framework for smart PSS development must 

consider those requirements as well.  

Additionally, the framework must take functional requirements into account. Overall, our research 

yields ten smart PSS-specific requirements, which are presented in Table 3. 

DIVERGING PHASE (I) CONVERGING PHASE (II)

Step I.1: 

Initial 

Coding

Step I.2: 

Cross-Case 

Analysis

Step I.3: 

Practitioner 

Evaluation

Step II.1: 

Refinement of 

Findings

Step II.2: 

Triangulation 

& Aggregation

Step II.3: 

Reflection & 

Synthesis
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Table 3. Smart PSS-specific requirements for a development framework 

Requirement Description 

Legal regulations 

(R8) 

The framework must consider the legal requirements, regulations, and 

customer agreements. 

Adaptivity (R9) The framework must allow for the adaptation of individual conditions of 

the development project. 

Integrated system 

design (R10) 

The framework must integrate relevant domains (product development, 

service development, smart systems engineering), consider the relationships 

between actors, and account for their needs. 

Interdisciplinary 

teamwork (R11) 

The framework must consider interrelations between experts from different 

domains (product development, service development, smart systems 

engineering) and allow them to simultaneously perform different tasks. 

Interdisciplinary 

education (R12) 

The framework must provide the required methodological understanding 

and knowledge for the performance of tasks and their purpose. 

ICT-driven (R13) The framework must support the development of technologically advanced 

systems that generate data and provide data services via remote access. 

User-centric (R14) The framework must have a strong user focus with an emphasis on 

problem-solving. 

User participation 

(R15) 

The framework must allow the integration of the user as an active 

participant in development. 

Information 

structures (R16) 

The framework must consider information regarding the service process 

flow, the required structures, relationships between service and product 

elements, substitution relationships, and service variants. 

System extensibility 

(R17) 

The framework must consider the peculiar lifecycle of smart PSS and use 

the generated knowledge to foster value creation and systemic growth. 

 

Legal regulations (R8): The first smart PSS-specific requirement is the explicit consideration of legal 

regulations. Due to the nature of smart PSS, a lot of intellectual property, such as usage data, machine 

data, process data, expertise, etc., needs to be shared between the actors interacting through a smart 

PSS. Most of the time, the exchange happens via the internet using inter-organizational information 

systems. The transferred data are considered to be sensitive and therefore require regulatory contracts. 

Particularly in territories with strict data privacy regulations, such as the European Union, the 

framework must consider the legal requirements, regulations, and customer agreements. 

Adaptivity (R9): Our research shows that “flexibility” as defined by Keller and Binz (2009) is by 

itself insufficient for addressing smart PSS development, as smart PSS development combines 

multiple detached disciplines and the enterprises are often specialized in one specific domain such as 

manufacturing or service provision. Therefore, the framework must allow a certain degree of 

adaptation to the given organizational background and existing developing processes. In addition, the 

tasks themselves need to be simple enough that they can be expanded and adapted by their user.  

Integrated system design (R10): One of the biggest challenges of smart PSS development is the 

integrated development of smart products and data-based services (Paliyenko et al., 2022). Thus, a 

smart PSS development framework must integrate all three domains (product development, service 

development, and smart systems engineering) to realize joint development (Künzel et al., 2016; 

Kuhlenkötter et al., 2017). Additionally, the framework must account for the relationships between 

and the needs of the different stakeholders in the ecosystem surrounding the company’s PSS. In order 

to maximize the value created by the ecosystem, a clear distribution of responsibilities and roles is 

necessary, and all entities must actively participate in the development of the smart PSS.  

Interdisciplinary teamwork (R11): In accordance with the interdisciplinary system design, the 

framework must consider the interrelations between experts from different domains (Künzel et al., 

2016; Song, 2017). Those experts often have non-matching qualifications and areas of focus. 

Nevertheless, the framework must allow for the simultaneous and coordinated development and 

execution of different tasks by these experts. Therefore, it must provide structures for interaction 

between those experts. Given the different nature and practices of, e.g., hardware and software 

development, the framework must also structure the development to accommodate different 

development speeds and cycles.  
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Interdisciplinary education (R12): The purpose of interdisciplinary education is manifold. The 

framework must provide the methodological understanding and knowledge required for performing 

the tasks and understanding their purpose. To be specific, this involves providing comprehensive 

expertise from relevant domains such as product development, service development, or smart systems 

engineering. Only by overcoming a silo mentality is it possible to handle the emerging complexity of 

integrated smart PSS development as well as the organizational challenges.  

ICT-driven (R13): The framework aims to support the development of technologically advanced 

products that allow data generation and remote access. Those products are part of an embedded system 

that is the basis for mostly internet-based digital services. In addition to providing the services that are 

an inherent part of the developed PSS, the data can be an essential part of a smart service ecosystem – 

meaning that other stakeholders can use the data to further data-driven value creation. Conversely, 

providing smart services often requires the usage of additional external data sources. A smart PSS 

methodology must therefore support the development of such technologically advanced systems. In 

particular, it should address ICT-related issues such as coordinating the standardization of data and 

communication protocols, promoting the modular reuse of software building blocks, and defining a 

solution architecture (Broy et al., 2020), all of which typically require cross-functional input and 

coordination. 

User-centric (R14): The actual purpose of adopting PSS-oriented development is to turn a product-

based value creation focus into a solution-based one by focusing on a holistic view of value co-

creation with the help of the solution on the customer site. A key factor for the successful development 

of a smart PSS is, therefore, a strong user orientation (Kuhlenkötter et al., 2017; Abramovici, 2018). 

The more the development team understands the underlying issues and demands of the PSS users, the 

better the PSS can work towards solving these problems and fulfilling the users’ demands. In addition, 

this approach can simplify communication with the customer by highlighting the solution’s added 

value without having to translate the technical features first. 

User participation (R15): One of the key elements that differentiates a smart PSS from regular 

product sales is the user’s involvement in the ecosystem (Valencia et al., 2015). During product usage, 

user-generated and product-sensed data are generated in the smart ecosystem, which should be used 

for providing data-based services and double-checking and validating the system design. The real 

product usage may show deviations from the initial assumptions; therefore, the framework must allow 

for the integration of such insights and enable a system redesign. As a result, the framework should 

support the design of adaptable systems. Since the smart PSS aims to provide user-centric solutions to 

given problems, it is key to involve the user in the development of the smart PSS (Zheng et al., 2019). 

Information structures (R16): A common added value of smart PSS is to allow the absence of 

employees at the operation site. Service provision in such systems relies heavily on remote data and 

information availability. Hence, a central concern of the methodology must be to consider information 

about the flow of the service process, the required structures, relationships between service and 

product elements, substitution relationships, and service variants (McKay and Kundu, 2014). Other 

information requirements correspond to the research of Bochnig et al. (2013), which defines multiple 

requirements for the information structures of information systems in industrial PSS. The underlying 

data model and information structure must support the entire planning process across all phases. 

Additionally, it must allow for the modeling of interdependencies between the PSS-related actors and 

thus support integrated, interdisciplinary development of smart PSS.  

System extensibility (R17): A smart PSS is composed of a tangible product and data-based, 

intangible services that jointly create value for the participants throughout the lifecycle of the solution 

(Song, 2017). The peculiar nature of smart technologies allows the technical and business ecosystems 

to grow and develop over time (Heinz et al., 2022b), making it crucial to consider all lifecycle phases 

during its development. The development framework must therefore foster development approaches 

that enable innovative transformation and extension beyond the product’s point of sale, for example, 

by ensuring updateability as well as the compatibility of individual CPS components. 

5 DISCUSSION  

By combining empirical insights with existing literature, our study identifies a broad variety of 

requirements for a smart PSS development framework. On the one hand, we can translate some identified 

requirements into known denotations, such as the general requirements by Keller and Binz (2009). That 
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allows this study to build on (and thus verify) literature from adjacent domains while expanding the body of 

knowledge into a novel context. On the other hand, in addition to the known requirements for most 

development frameworks, five cases are used to identify new functional requirements specific to the 

development of smart PSS, contributing to the interdisciplinary study of this highly relevant phenomenon. 

As the interviews show, the successful development of smart PSS depends mainly on the orchestration 

(cf. Hurmelinna-Laukkanen et al., 2012) of three practical areas: product development, service 

development, and smart systems engineering. Therefore, in order to maximize the impact of a smart 

PSS in the market and, thus, the success of its development, it is crucial to bridge the gap between 

these domains and provide common ground for effective collaboration. However, if we reflect on the 

challenges mentioned by the respondents and the identified requirements, it becomes apparent that 

areas of tension arise at various levels and should be addressed by a smart PSS methodology.  

At the system level, there is a tension between information transparency and ecosystem strategy. This 

is because the development of smart PSS is a multi-actor problem and requires an ecosystem-centric 

perspective. Accordingly, the goal and purpose of a smart PSS should be to create value for all actors 

involved. However, this seems to contradict most companies’ usual business model approach, which 

focuses on maximizing individual profit and keeping their data, information, and knowledge – i.e., 

their intellectual property – secret. An ecosystem strategy, in contrast, aims at user-centric system 

design and involves the active participation of users and partners in developing and operating a smart 

PSS, which requires a closer connection between all actors and the sharing of their intellectual 

property.  

Second, at the organizational level, there is a tension between an integrated system approach and 

complexity reduction. To connect the people involved in development, points of interaction must be 

identified and integrated into the development processes, which in the cases studied were established 

partly by processes and partly by human interaction. However, particularly due to the frequent double 

occupation of roles in the SME cases, it also became clear that the additional effort thus generated 

must be in proportion to the productivity thereby gained. Therefore, explicit task descriptions and 

appropriate methods and processes as part of the methodology may guide the interdisciplinary team in 

different phases of development. In addition, a coordinating role should be created in the company and 

filled with an expert with diverse skills and interdisciplinary expertise. This way, the expert can 

mediate between the different disciplines and ensure unambiguous communication within the 

development team. 

Finally, on the application level, the third tension arises between adaptivity and ease of use of the 

proposed methodology. On the one hand, the framework must be sufficiently configurable to account 

for smart PSS development being highly context-dependent. Smart PSS, for example, are developed 

by both SMEs and market-dominant global companies, which may be product manufacturers or 

service providers with very different starting positions. But, on the other hand, as the SMEs we 

interviewed pointed out, configuring and customizing the methodology should not take so much effort 

that it creates new barriers to entry into smart PSS development. Therefore, on the one hand, the 

framework must offer possibilities for adaptation to situational factors, but on the other hand, it must 

be particularly concrete and clearly defined. 

6 CONCLUSION AND OUTLOOK  

With this study, we set out to identify requirements that a methodological framework for the 

development of smart PSS needs to fulfill. By conducting 18 interviews and 5 workshops to study five 

cases that have recently placed a strategic focus on the development of smart PSS, we collected a rich 

set of empirical data for exploring the challenges faced by today’s organizations. We systematically 

analyzed the data using qualitative content analysis methods. To increase the robustness of our 

findings, we evaluated the preliminary results with our respondents. In a subsequent step, we relied on 

a contextual literature review and six interviews with additional cases to triangulate and generalize our 

findings. This led us to a set of 17 requirements for a smart PSS development framework, which we 

divided into general and smart PSS-specific requirements. In addition, we derived three tensions that 

emerge from the interdisciplinary nature of smart PSS development, which need to be addressed by a 

development framework to provide methodological support for organizations.  

This research offers a sound basis for future research that could provide methodological support for 

the development of smart PSS. Future work may apply the discovered requirements to existing 
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development frameworks for product, service, or PSS development in order to analyze their suitability 

for smart PSS development. In addition to examining the possibility of recombining existing elements, 

this will allow the need for adjustment to be identified and the existing frameworks to be extended. 

Additionally, the identified areas of tension require further investigation. In a multi-domain 

development environment, tensions and opposing objectives are unavoidable. However, academia 

should strive to discover concepts and methods which simultaneously minimize the undesirable effects 

and maximize the desired ones. For both of these research avenues, a close collaboration with and 

validation by practitioners is crucial for the successful design of a methodological framework, as 

empirical findings help guide research efforts to understand and manage the new phenomenon of 

smart PSS development. 
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