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1. Short product lifecycles request new methods

The globalization of competition is changing the demands of 
companies. A large number of companies must offer innovative 
products in a saturated market in order to position themselves 
successfully. To increase the productivity of market perfor-
mance, product lifecycles and therefore the product develop-
ment time are becoming shorter and shorter. Long product 
lifecycles of physical products are approaching the short ones 
of virtual products. [1] In this context, virtual products describe 
a software or application with a user interface to the end cus-
tomer. Physical products, on the other hand, describe mecha-
tronic products as a combination of the disciplines mechanics, 
electronics and embedded software with a complex system 

structure and a higher degree of networking as well as greater 
interactivity. The overall system consisting of physical and vir-
tual product thus represents a Product-Service System as a 
smart device (e.g. a production machine with an application).
The development of these products requires other approaches, 
such as Systems Engineering as the basis of the paper. [2]

Besides Systems Engineering other key drivers for a short 
product development time are, for example, new product devel-
opment methods, such as frontloading or agile product devel-
opment processes, which increase the flexibility of market per-
formance and reduce the time-to-market. Agile product devel-
opment methods are used for both virtual and physical products 
and partly take up the idea of involving the end customer, which 
takes up the second basic approach [3].
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Of great interest in this context is the integration of end cus-
tomers into the agile product development process in the early 
stages of product development to be able to translate customer 
wishes into requirements. Early validation ensures that the final 
complex product or service meets the end customer's require-
ments.

The challenges of new and further developments – The 
end customers' requirements are important building blocks for 
the success of new and further developments of a product. The 
earlier each employee knows the current and future require-
ments of the end customers, the greater the certainty of success. 
Quick and pragmatic methods are still hardly available here, not 
even among German mechanical engineering companies [4]. 

The lack of fast and customer integration methods – Clas-
sic market research methods have been used for this purpose, 
usually require a long lead time and therefore cannot be inte-
grated directly into the process on-demand [5]. There is a lack 
of faster methods for integrating end customers, which can be 
incorporated into new development processes and contribute to 
a compression of upstream development activities of new prod-
ucts. This is shown by an analysis of customer integration 
methods and the explanation of the Systems Engineering and 
agile product development approaches in this paper.
This leads to the need to design a new method, which is pre-
sented in this paper. The goal is to describe a specific method 
for integrating end customers into the agile product develop-
ment process. Also important is the direct integration of the end 
customer, an interface to agile product development and fast 
implementation. As the basis of these goals are Systems Engi-
neering (SE) and agile product development. In Chapter 3, pre-
vious methods and tools are analyzed. Chapter 4 describes the 
concept of the new method. Subsequently, the implementation 
is presented in Chapter 5. After a validation regarding the re-
quirements follows the concluding chapter.

2. Systems Engineering and Agile Product Development as 
a Framework

The two topics Systems Engineering and agile product de-
velopment are important regarding this paper. Systems Engi-
neering aims to build the basis for the concept of Product-Ser-
vice Systems and thus to enable the planning, development and 
operation of complex systems [2].
Product-Service Systems are characterized by a higher degree 
of networking, greater autonomy and end-to-end integration.
This goes along with data-driven services and platforms with 
potential for new Product-Service Systems (PSS) and attractive 
business models [2]. 
Systems Engineering represents a more interdisciplinary and 
integrative approach of developing complex systems [6, 7].

Agile methods are used to further organize the development 
process and reduce the product development time. The basis of 
this paper's method is Axel Schröder's agile product develop-
ment, since few approaches describe the development of phys-
ical and virtual products [3]. It is explained in advance that ag-
ile product development does not replace or exclude the 

reference model of the product development process (stage-
gate process). Rather, the classic product development process
provides an overarching framework supporting agile product 
development [8].

Within the agile product development, there are different 
meetings. Sprints are executed cyclically within the classic 
product development process. A Sprint covers a period of about
two weeks. In a Sprint, a lot of tasks are processed. The tasks 
are defined before each Sprint in the Meeting Conclave of the 
Product Owner Team (POT) and discussed with the team in the 
meeting Sprint planning. The POT consists of three people rep-
resenting technology, market and the project. Whereas the team 
consists of five to eight people and actively works on the tasks 
of the Sprint. After the Sprint, the results are presented to the 
POT in a meeting called demo. Then the Sprint is reflected and 
concluded by the team in the meeting Retro. Afterwards, a new 
Sprint can begin. The advantage of agile product development
is that the definition of the time for a task is fixed by the sprints. 
However, the feasible effort must be realistically assessed by 
each team member. This requires practice. The greatest success 
of agility can be seen in projects with less time, a high degree 
of complexity and independence. In other words, projects with 
a high degree of unpredictability. Conversely, projects with a 
very clear structure and routine, an agile way of working is less 
likely to succeed. [3] With the description of the approaches SE 
and agile product development, the need for action for the agile 
development of complex products is addressed, on which the 
method of the paper is based.

3. Analysis of previous methods and tools

First, an analysis of already existing Methods of customer 
integration is carried out. This is to be divided into direct and 
indirect customer integration. Direct customer integration in-
volves asking the customer directly. Indirect methods are char-
acterized, for example, by an observation of the customer.
Within the literature 23 methods are found for customer inte-
gration, for example a conjoint analysis or a concept test.
Among the 23 methods analysed, also methods that specifically 
address the end customer were taken into account. Examples 
are co-development, co-creation or a focus group. Require-
ments are made on the method and these are evaluated after-
wards. These result from the need for action, the objective, 
company interviews and conclusions from the literature. Re-
quirements, like a small expenditure of time of the execution 
and preparation, are relevant. Table 1 shows the requirements 
on the method and if the requirement is mandatory (Fix (F)) or 
a Desire (D).
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Table 1. Requirements of the new method.

No. Requirement Fix/De-
sire

1 The method must be applicable to the development of 
new products.

F

2 The method must support all phases of product devel-
opment, but focus on the early phases.

F

3 The method must be implementable in agile product 
development within a sprint.

F

4 The time needed for preparation and implementation 
of the method should be less than two hours.

D

5 The method must ensure an interface to the end cus-
tomer.

F

6 The method should be used for surveying large end 
customer groups with at least 100 end customers.

D

7 The method should use existing media from agile 
product development and the product development 
process.

D

8 The method must be implementable electronically 
with a software tool.

F

9 The method should take interfaces with other systems 
into account, such as the project management tool.

D

10 The method must be able to be used to query individ-
ual features.

F

11 The method must be implementable for virtual and 
physical products.

F

No method fulfills all requirements for the goal of this pa-
per. Nevertheless, nine methods of customer integration have 
distinguished themselves from the other methods within an
evaluation. Therefore, software tools are sought to implement 
the method of the paper. 26 software tools are evaluated against 
ten characteristics. Among other characteristics, an API inter-
face and the availability of the results in real-time are relevant. 
The result of the evaluation is a software tool Qualtrics [9]. This 
tool is used to implement, test and validate the method.

4. Concept of the method

Based on the analysis and literature, a concept for integrat-
ing end customers into the agile product development process 
is described. Sprints are run in the overarching classic product 
development process. Since the method is used for both virtual 
and physical products, both use cases are classified for virtual 
products up to the gate process release, since a software struc-
ture is not associated with the production and planning of pro-
duction. For physical products use case 1 is accomplished up 
to the gate requirement specification and use case 2 up to the 
gate of the design freeze. Use case 1 concerns the general prod-
uct structure, which is defined at the beginning and can be 
changed until creating the functional specification. Use case 2 
is interesting regarding the concept of one element of the prod-
uct structure. 

A decision between two concepts of one feature is realiza-
ble. The changeability of the general design is possible up to 
the gate design freeze. Changes are only possible after the cor-
responding gates with a change process. Agile product devel-
opment moves within this framework of the classic product 

development process as an iterative process. The loop and the 
final event of the demo are shown in Figure 1.

Fig. 1. Overview of the method

It provides an overview of the concept in chronological de-
tail within the Sprint. Approximate values of time for the indi-
vidual steps of the method are described and the total duration 
of the method comprises approximately 28 hours.

In addition, Figure 2 provides an overview of the concept of 
the two use cases in an activity diagram. The legend defined by 
the Object Management Group shows the elements used, such 
as an action or an object. The start is defined by an Initial-
Node, while the end of the process is marked by a FinalNode
[10]. This SysML diagram provides an overview of various ac-
tions of the concept [10]. Use cases 1 and 2 are grouped into 
one diagram to give an overview. The diagram is subdivided 
into four lanes. A Data storage that supports the user, a soft-
ware tool, which is operated by the user and the end customer. 
If one idea or concept is developed by the user after the start, 
this refers to use case 1. Use case 2 is characterized by two or 
more concepts or ideas. In the following, the user checks 
whether the concept is new. If the concept or idea is new, a 
patenting per idea is requested or a non-disclosure agree-
ment for use case each is created and precedes the question-
naire.

If a patenting takes too long, the end customers must ac-
cept a non-disclosure agreement before the survey. If the con-
cept or idea is not new or a non-disclosure agreement is already 
in place with the end customer, the preparation of the ques-
tions starts. A template is to be used for the non-disclosure 
agreement and a template is used as a question catalog to 
prepare the questions. If this is done, the preparation of the

This is a resupply of March 2023 as the template used in the publication of the original article contained errors. The content of the article has remained unaffected.



218 Lynn Humpert  et al. / Procedia CIRP 109 (2022) 215–220

media can begin. If possible, media from the company's inter-
nal CAD systems or photos of prototypes made by rapid pro-
totyping and tooling (RPT) should be used. Once this prepara-
tion is done, the end-user works with the software tool.
The creation of a survey is done under consideration of higher
productivity with a template. For example, questions and im-
ages built a framework to insert actual data and modified ques-
tions. After the selection of the end customer group the sur-
vey is distributed to the end customers. The end customers
conduct the survey. Now the user can prepare the results in 
the software tool and export them to the data storage. This is
the end of the process. The result can then be announced.

The classification of the product structure, shown in Fig-
ure 3, concerns the requirements of querying features from the 
end customer. A feature describes a characteristic or property 
of a product. This is divided into design and function in the 
context of the concept. The product structure consists of the 
overall system. The Product-Service System, which is subdi-
vided into several products. Each product can also be subdi-
vided into assembly groups and individual parts. 

Ideally, the person applying the method as a user is the sub-
ject matter specialist for the use case working within agile prod-
uct development in the team or POT and is also active in Sys-
tems Engineering in the sense of the system architect, since 
there is a particular proximity to the product here. This can be 
an engineer, an app developer or an employee of a design de-
partment. The focus here is on a development engineer who is 
responsible for the development of new products in the 

Business-to-Consumer (B2C) area and whose ideas or concepts 
are tested using this method.

Fig. 3. Product structure

The method essentially involves two interfaces to the agile 
product development process. The first interface involves dig-
ital product development tools. The results can be used by an 
export and an API interface in other agile systems. For exam-
ple, an interface to the project management system is possible
to define new tasks for the current or the next Sprint. Based on 
the response of the end customers as a first impression, the 
product can be further developed and new tasks can be created 
for agile product development. The second interface is the

Fig. 2. SysML diagram of the method
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demo of agile product development. Here the results of the 
method can be shown and generate an idea in the team.

5. Example Implementation of a Product-Service System

In this chapter, the concept described in chapter 4 will be 
analogously implemented by means of an example. Within the 
validation scope, a company in the household sector could be
involved and the method could thus be tested in realistic agile 
product development. Six Use cases are tested. Use cases 1 and 
2 are implemented three times each in a survey. The implemen-
tation of the example is performed with the software tool Qual-
trics [9]. A smart device as a PPS is used as the overall system. 
This overall system used in the following consists of a robot 
vacuum cleaner and an application (app) to validate the method
for both physical and virtual products.

The survey is distributed to a pool of 500 end customers by 
e-mail. Of these, 130 end customers responded within 4 days 
and 94 end customers responded within the first 24 hours. The 
customer pool of the exemplary company could be used for this 
purpose. Demographic, quantitative and qualitative questions 
were asked to filter the end customer group and know the rea-
son for the decision. For example, quantitative questions such 
as "Which concept do you like better?" or qualitatively "Why 
do you like the concept better?" are asked and pictures or vid-
eos are shown. Up to 30 text responses could be generated via 
qualitative questions per use case.

In one example, two concepts of a side brush of the robot
vacuum cleaner are presented to the end customer. Accord-
ingly, several concepts of an assembly group are requested. 
This corresponds to use case 2. Figure 4 clearly shows that the 
end customer favors concept 1, as around 80 percent decide
upon this concept 1. Answers are also generated within a quan-
titative question.

Fig. 4. Product structure

6. Validation on the requirements

The successful implementation with 130 end customers
analogous to the concept shows the benefit of the method for 

practice. The requirements are checked regarding the degree of 
fulfillment with the concept of the specific method.

The comparison shows that a large part of the requirements
(Table 1) is met. The time required for implementation and 
preparation has been assessed as partially fulfilled because a 
training in the method and the tool is needed to reach the target 
working time. As soon as the user knows the functions of the 
software tool the requirement is fulfilled. The limitation of the 
concept lies in the available number of participants and the fact 
that it is a quick impression of the end customers. To validate 
the content of the answers, 12 experts have carried out the 
method with a similar result. The concept and the method 
promise a high degree of fulfillment of all requirements, 
whereby the validation is successful.

7. Conclusion

Through agile product development and systems engineer-
ing, the basic approaches of the method are presented. Using 
the direct method of integrating end customers into the agile
product development process is recommended as an impression
of the end customer. Two use cases have been defined for phys-
ical and virtual products. The results are connected to the agile 
product development process as new tasks. The multiple uses
of the 28-hour method within a sprint are given. A high number 
of text responses from the end customer leads to new ideas and 
decisions in agile product development. In terms of systems en-
gineering, these can then be integrated as part of requirements 
management.

In addition, integration of the end customer through the 
query of detailed features is possible. The method presents it-
self as a quick impression as a complement to traditional meth-
ods of customer integration. Nevertheless, consideration must 
always be given to the interaction between function and design 
to make the right decisions.
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