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Abstract: Not only caused by the Covid-19 pandemic but also by the ever
increasing dynamic interconnectivity of advanced systems, teams work more and
more from different locations. Distributed collaboration poses new, unexpected
challenges to the teams. To avoid efficiency and effectiveness losses in the
product development process, teams need to continuously improve their
distributed collaboration. Targeted methodical support can help to identify
improvement potentials and ultimately counteract the efficiency and
effectiveness. Therefore, the focus of this contribution is to identify requirements
for a method that enables development teams to continuously improve their
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distributed collaboration. Finally, the requirements will be operationalized to
build the foundation for a method that is accepted by the user, applicable, and
that creates a direct benefit

Keywords: Distributed teams; collaborative innovation; new work; method
development; requirements; Delphi study; product development; user-centered,
improving distributed collaboration.

1 Introduction

In response to emerging changes caused by the ever increasing dynamic interconnectivity
of advanced systems, more and more product development teams are collaborating across
distributed locations (Dumitrescu et al., 2021). This tendency is further propelled by the
ongoing Covid-19 pandemic, often leaving teams no other option than working from
different locations. However, transitioning to distributed collaboration, development teams
face new, unexpected challenges, which will have to be solved continuously. Not
addressing those sufficiently can leave team members feeling overwhelmed and left alone
in the new working environment resulting in losses concerning the efficiency and
effectiveness of distributed product development processes (Duehr et al., 2020). Targeted
methodical support can help to identify improvement potentials and ultimately reduce the
efficiency and effectiveness losses just mentioned (Ehrlenspiel & Meerkamm, 2013).

Although numerous efforts have been made in recent years to provide methods for
improving product development processes, only a few have been presented to support a
continuous improvement process for distributed collaboration (Duehr, Efremov et al.,
2021). Since product developers, as users of methods, form the center of product
development, it is crucial to base the design of such a method on their needs (Albers et al.,
2019). Furthermore, methods should enable adaptability to an individual development
situation (Birkhofer et al., 2005). They must be accepted by the user, applicable as well as
create a direct benefit (Blessing & Chakrabarti, 2009; Marxen, 2014). Currently, however,
sufficient knowledge does not exist about the requirements asked for by the user regarding
a method that enables product development teams to continuously improve distributed
collaboration. Therefore, the focus of this contribution is to identify requirements for such
a method to enable continuous improvement in distributed development teams. The
operationalization of these requirements is supposed to reflect the context-specific
development situation.

2 Current understanding

Distributed product development teams

Dorner (1976) describes a problem as a deviation between the undesirable actual and the
desired target state. The path between those two states is only partially known (Albers &
Braun, 2011; Dorst, 2006). Product development is understood as a problem-solving
process with different problems centered in a basic challenge and entails all activities
required for product development (Albers & Braun, 2011; Dorst, 2006). These processes
and workflows must be coordinated to manage capacity and economic challenges (Schuh,



2012). According to Kirchner (2020), product development is not only about information
processing but is a way of finding a solution through multiple influences and requirements.
In the process of product development, task clarification takes place through product
definition, idea generation, concept development and designing the product (Schmidt,
2017). These phases take place at the levels of organization, product and process (Bullinger
et al., 1997). The boundaries between the three levels are fluent and can be described as
such: A product is created in a process that is embedded in an organizational structure
where product development is part of a larger system as e.g. the company and is linked to
other business processes (Gierhardt, 2002).

Fundamental to this perspective is an integrated or system-oriented view of the
products and the product development process. The so-called ‘systems engineering’
describes development tasks or challenges during the development of a system
(Dumitrescu et al., 2021). Within the context of systems engineering, products and
processes are modeled under the assumption of interdisciplinary and the development tasks
are enabled from different perspectives. This supports more consideration of alternative
approaches within the product development process (Schémann, 2012). Especially for the
development of increasingly complex products, which often require the combination of
knowledge from the fields of mechanical engineering, electrical engineering or information
science, the collaboration of experts from various interdisciplinary domains is necessary
(Bavendiek et al., 2018).

Increasing interdisciplinarity of product development teams to master technical and
organizational complexities in product development, demands for collaboration of
developers working from different locations being connected with information and
communication tools (Gierhardt, 2002). Early on, Welp (1996) described the goal of
distributed product development as to manage development processes across multiple
locations through internal or external partnerships, cooperation or alliances, to optimize
time, quality and cost. Distributed product development can be described as collaborative
processing of different subtasks of product development while focusing on the aspects of
cooperation, coordination and communication (Krause, 1998). Considering the process
elements involved, this is the combination of people, material, activities, methods and tools
for the effective development of products across locations (Gierhardt, 2002). Apart from
the term “distributed teams’, the term “virtual team’ is frequently used. A virtual team is
understood as a group of people who work independently across space, time and
organizational boundaries on a common goal with the help of technology (Lipnack &
Stamps, 1997). This definition not only emphasizes the technological aspect as a key
feature but also expands the geographical dimension to include a time and organizational
component.

Key challenges for distributed teams

The most obvious challenges in distributed teams arise from the physical distance between
team members and express themselves particularly in communication difficulties (Ahuja,
2017). Increased waiting times among team members in different time zones and less
informal, spontaneous communication in distributed teams can lead to a loss of information
and slowed down exchange (Herbsleb et al., 2000; Larsson et al., 2003). Different
languages and cultural backgrounds can cause misunderstandings and generate conflict
potentials that stand in the way of a common understanding of goals (Herbsleb et al., 2000).
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One of the most visible differences in distributed communication compared to co-
located settings is the use of technical aids (Stoger & Thomas, 2007). To substitute personal
meetings, telephone and video conferencing tools are used, saving travel time and money
(Stoger & Thomas, 2007). However, Kuster et al. (2011) point out that media-based
communication can rarely ensure truly complete communication. Compared to personal
conversations body language, eye contact, posture and extra-communicative actions are
often partially or completely lost, depending on the medium (Kuster et al., 2011).
Electronic media are not only used for communication purposes but also play a role in the
development of specific tasks (Konradt & Hertel, 2002) requiring additional competencies
from developers (Bavendiek et al., 2018).

Beyond these mostly technology- and communication-related challenges, Gaul (2001)
additionally names organizational complications as a key challenge regarding distributed
product development. These include a possible outflow of know-how to partners as well as
mutual dependency and data security risks. Due to the low level of experience with
distributed product development in many teams, there is often a lack of organizational
approaches to achieve the desired level of formalization and alignment on the actual
development situation of distributed processes (Duehr et al., 2019). This results in a high
expenditure of time for coordination activities, which leads to a loss of working time for
processing actual development tasks (Bavendiek et al., 2017).

Dillenbourg et al (1996) state: “collaboration is in itself neither efficient nor
inefficient.” He argues that it is the task of research to determine the circumstances under
which collaboration is efficiently possible. Accordingly, the individual boundary
conditions of the company and the development task, i.e. the system of objectives, must be
determined to subsequently adapt the operation system as a socio-technical system,
including activities, methods and tools as well as the resources needed for all development
activities (Albers et al., 2016). Methods are one way to support distributed teams in helping
to deal with these challenges in a structured way and have already proven their value in
practice (Lindemann, 2016). However, it is crucial to address the specific needs related to
boundary conditions of a development situation to continuously master the individual
challenges (Duehr et al., 2019). Only in this way can the methods used in distributed
product development employ their full potential (Birkhofer et al., 2005).

A method to support distributed product development teams

In order to characterize individual development situations, Albers et al. (2020) described
influencing factors relevant for successful distributed product development that can be
clustered in fields of action of distributed product development. According to Gericke et
al. (2013) the sum of influencing factors, also described as context factors, represent all
factors that influence the application of design projects, processes and methods. Therefore,
in this contribution, influencing factors are interpreted as ‘levers’ for implementing
measures in the development environment to improve distributed collaboration Albers et
al. (2020) assigned the success-relevant influencing factors of distributed product
development to the design dimensions of ‘technology’, ‘organization’ and ‘people’.

The design dimension of ‘people’ describes all interpersonal and group dynamic
processes but also the capabilities of individuals that are relevant for distributed
collaboration. In addition to the capabilities of individuals, the ability of different
characters to work together in a team is a particular challenge (Albers et al., 2020). The
design dimension of ‘technology’ includes the design of collaboration through methods



and tools. ‘Organization’ brings together the two other fields of action and includes task,
structure and process organization to support collaboration. In this regard, the integration
of different departments is of particular importance. This means that careful organization
is required in the coordination of various players, as there is a mutual dependency (Duehr
et al., 2020).

As was pointed out, distributed product development is an extremely complex
undertaking that poses major challenges for many teams. Both literature and empirical
findings indicate that practitioners are seeking methodological support to improve
distributed product development in a structured way (Duehr, Kavakli, & Albers, 2021).
Although numerous efforts have been made recently to provide methods for product
development in general, there is still little support for the identification and exploitation of
improvement potentials in distributed development teams.

A method can support the identification of improvement potentials by including
success-relevant influencing factors represented in the fields of action of distributed
product development (Albers et al., 2020). One initial approach that attributes the
influencing factors to the three dimensions of the TOP model to support the improvement
process holistically was presented by Duehr et al. (2020). The following objectives were
stated that also represent the basis for the initial process steps of the method under
development (Duehr et al., 2020):

e Consideration of the prevailing development situation

e ldentification of individual improvement potentials in communication processes
of distributed product development

e Definition of measures to address the identified improvement potentials

Although a method should support the improvement of distributed collaboration, useful
outcomes cannot be guaranteed. A fit must exist between the need for support encountered
in the development team and the value offered by a proposed method (Gericke et al., 2017).
Accordingly, the question has to be asked which requirements have to be met by such a
method to increase the chances of being successful.

Evaluation principles for methods in product development

From an academic perspective, successful method development is distinguished by the fact
that it finds its way into practice (Gericke et al., 2017; Marxen, 2014). Although methods
are an important part of product development and extensive research activities revolve
around them, the adoption in the development practice is often very slow (Gericke et al.,
2017). According to Jansch (2007) transfer problems are not simply acceptance problems
but also application, teaching, presentation and documentation problems. Tangible results,
a clear understanding and ease of application are key requirements for successful method
development (Gericke et al., 2017).

To increase the probability of a successful transfer into practice and to ensure that a
developed method support is tailored to the specific needs of its users, (measurable) success
criteria must be defined as part of an iterative method development process (Blessing &
Chakrabarti, 2009). These serve to clarify the added value for practice and are made
tangible by the definition of measurable requirements (e.g. functionality, usability, costs or
life cycle). According to Albers et al. (2013), requirements should be derived from goals
and other boundary conditions. Vice versa, a requirement is the set of conditions or
properties that is needed to achieve the goal (Pohl, 2007). Requirements can be both
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qualitative and quantitative data and can be observed by the researcher (Blessing &
Chakrabarti, 2009).

Evaluation is needed to determine whether the application of the proposed support
indeed leads to a fulfillment of the determined requirements (Blessing & Chakrabarti,
2009). The major goal of evaluating methods is to relate the generated outcome to the
identified criteria. In the context of the Design Research Methodology (DRM), a distinction
can be made between three types of evaluation: ‘success evaluation’, ‘support evaluation’
and “‘application evaluation’ (Blessing & Chakrabarti, 2009).

On the highest level, the success evaluation is used to measure the added value in terms
of meeting the formulated objectives. This is the most comprehensive evaluation type,
which can only be carried out if the applicability of the support is guaranteed by the
application evaluation (Blessing & Chakrabarti, 2009). The emphasis of this evaluation
type is not on whether the support meets the requirements, but on how it does so. The key
question at this level is: Does the application of the support mechanism have the desired
effect on the measurable requirements?

The support evaluation deals with the examination of the developed mechanism
regarding its functionality and consistency. It should be performed during the whole
development of the method starting from the very beginning. The overarching question of
interest here is: Does the method basically work as desired? Applied to the setting of
distributed product development, the question to be answered is whether the developed
method can meet the previously identified need for support (Blessing & Chakrabarti,
2009).

Badke-Schaub et al. (2011) mention the insufficient usability or inadequate
presentation of methods as a reason for deficits. This is where the application evaluation
comes into play. The main question in this regard is how easily the method can be handled
by the user. For example, this evaluation type examines whether a method is intuitively
structured or has the necessary level of detail (Blessing & Chakrabarti, 2009).

3 Research objective and methodology

The state of research indicates that the increasing dynamic interconnectivity of advanced
systems demands the collaboration of development teams across different domains
(Dumitrescu et al., 2021). This collaboration often takes place across many locations and
poses challenges for the development teams. Therefore, the overall goal is to enable the
development teams to continuously improve their distributed collaboration. For this, a
method has to be developed. The goal of this contribution is to identify requirements of a
method that enables continuous improvement in the collaboration of distributed
development teams. In addition, measures will be derived of how these requirements can
be operationalized in the subsequent development of the method. Thus, the following
research questions will be answered:

RQ1: What are the requirements for a method to enable development teams to continuously
improve distributed collaboration?

RQ2: How can the requirements be interpreted and operationalized as measures, elements,
and activities in the method development?

A two-stage expert study based on a Delphi (Hader & Hader, 2000) study is conducted
to derive requirements of a method to enable development teams to continuously improve



distributed collaboration. The source for the determination of requirements in the first
Delphi stage was a series of expert interviews as well as literature research based on the
fundamental objectives of the method. For the qualitative determination of requirements in
the first stage of the Delphi study, five semi-structured interviews with experts from
different business divisions and with expertise (> 3 years) in distributed product
development are conducted. The experts covered the following positions: Scientific
Manager, Innovation Manager, Interim Manager in the field of improving distributed
collaboration of parent company and subsidiary, Managing Director, Master Student
Mechanical Engineering. The semi-structured interviews lasted between 60 and 90 minutes
to ensure a deep exploration of the research topic. Subsequently, the results are
consolidated and transferred into requirements. For this purpose, statements about possible
requirements for the method to be developed were extracted from the transcripts and then
summarized with similar statements. Since the method is intended to provide holistic
support for improving distributed collaboration and subsequent validation of the method,
the requirements are assigned to the evaluation criteria based on the Design Research
Methodology (DRM) by Blessing and Chakrabarti (2009). These are the support
performance, the applicability and the contribution to success. To evaluate the relevance
of the identified requirements in the second Delphi stage, the requirements were transferred
to an online questionnaire. A five-point ordinal scale was used to assess the relevance.

In total, 125 participants completed the questionnaire. Table 1 shows the distribution of
survey participants across their fields of activity. 20 % of the respondents have been
working for their company for less than one year. Between 1 and 3 years, approximately
13 % have been working for their company, again 24 % for 4 to 5 years, 19 % for 6 to 10
years and 22 % for more than 15 years. 74 % of the survey participants fully or rather
agreed with the statement that they have experience in distributed product development.

Table 1 Affiliation of survey participants by field of activity (n = 125)
Field of activity SHARE OF PARTICIPANTS [%]

Student 33
Science and research 12

Mechanical and plant engineering 9

Automobile manufacturer 9

Other vehicle manufacturing 1

Automotive supplier 2

Aerospace 13

Electronics / Electrical engineering 7

Information technology 4

Other 10
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To make statements about the relevance of individual requirements, various stochastic
methods were applied. A Friedman test was conducted to compare the relevance ratings of
the different requirements. Therefore, the individual ranking of the requirements for each
of the three DRM evaluation types was calculated for every participant based on their
respective relevance rating. Subsequently, the rank sum was calculated for the individual
requirements. The comparison of the rank sums using the Friedman test revealed a
significant difference between the associated requirements for each evaluation type. The
chi-square independence test was used to show the stochastic independence of the
characteristics. For a differentiated consideration of the relevance differences of the
individual requirements of an assessment type, pairwise post-hoc tests were then
performed. In order to neutralize the alpha error accumulation due to the multiple
comparisons, a Bonferroni correction of the p-values was performed. A significant
difference in the relevance score of two requirements was assumed in the case of a
corrected p-value smaller than 0.05. Based on the results of the post-hoc tests, the
requirements were finally grouped into rank groups. Rank groups were formed in such a
way that the mean ranks of the requirements within a rank group did not differ significantly
from each other. In addition, the same statements on the significance of the differences in
a rank group compared to other rank groups always apply to all requirements in a rank
group. Due to the homogeneous high relevance of all requirements, the requirements were
all focused and operationalized as measures, elements and activities to finally develop the
EDIT method (Enabling Distributed Teams) based on the understanding of the existing
theory and the requirements profile derived from the presented study.

4 Findings

Requirements for the method

In total, 18 requirements for the method under investigation were identified in the two-
stage Delphi survey and evaluated according to their relevance.

Success evaluation

The six identified requirements of the method for the success evaluation according to the
DRM are shown in Table 2. According to the results of the relevance evaluation in the
course of the second Delphi stage, the requirements can be classified into two rank groups
(cf. Table 3). While the basic objective and the need for a method have already been
described in previous studies, it can be further specified based on the identified
requirements for the method's contribution to success. Accordingly, the requirement for
the successful contribution of product development teams in the continuous improvement
of distributed collaboration is first the support in the improvement of distributed
collaboration of product development teams (E1). Furthermore, the effort-benefit ratio of
the process to improve distributed collaboration should be positively influenced (E2) and
the efficiency (E3) and effectiveness (E4) of distributed product development teams should
be improved.



Table 2 Requirements for the success evaluation of the method
The method should ...

E1 ... supportthe improvement of distributed collaboration within product development teams.

E2 ... positively influence the effort-benefit ratio of the process for improving distributed collaboration.
E3 ... improve the efficiency of the distributed product development team.

E4 ... improve the effectiveness of the distributed product development team.

The Friedman test based on the evaluation results of the second Delphi round revealed
significant differences in the relevance of the different requirements to the contribution to
success with a test statistic of y2(3) = 26.726 and a p-value of p < 0.001. From the results
of the pairwise comparisons with the post-hoc test in Table 3, it appears that the method is
intended to improve the distributed collaboration of product development teams. The
corresponding requirement E1 forms its own rank group with significantly higher relevance
than the requirements of rank group 2.

Table 3 Results of the relevance evaluation of the requirements for the success evaluation of the
method (n = 125)

Rank
Group Requirement Medium Rank Relevance* El E4 E2 E3
1 E1 2,11 1,6 ® O
0,053 | 0,007 | 0,001
E4 2,54 19
0,053 1,000 | 1,000
2 E2 2,64 19 O
0,007 | 1,000 1,000
E3 2,72 1,8 O
0,001 | 1,000 | 1,000
@ Requirement (row) significantly more relevant than requirement (column)
O Requirement (row) significantly less relevant than requirement (column)
corrected p-value from pairwise post-hoc test

*Relevance of the requirement [1(essential) - 5(very unimportant)]

Support evaluation

Table 4 shows the six requirements for the support evaluation according to the DRM
identified during the expert interviews. The prerequisite for consistent support in
distributed product development is to enable support in understanding the influencing
factors (U1). Furthermore, the identification of critical activities (U2), the analysis of
improvement potentials of collaboration (U3), the definition of measures to develop
improvement potentials of collaboration (U4), the implementation (U5) and evaluation of
defined measures to improve collaboration (U6) of distributed product development teams
should be supported.
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Table 4 Requirements for the support evaluation of the method
The method should ...

Ul ... support the understanding about the factors influencing distributed product development.
U2 ... support the identification of critical activities of distributed product development.
U3 support the analysis of improvement potentials of the collaboration of distributed product

" development teams.
support the definition of measures for the development of improvement potentials of the

U4 " collaboration of distributed product development teams.

Us . support the implementation of defined measures to improve collaboration among distributed
product development teams.

U6 support the evaluation of implemented measures to improve the collaboration of distributed product

" development teams.

The Friedman test revealed significant differences in the relevance of the different
support performance requirements with a test statistic of y2(5) = 43.696 and a p-value of
p < 0.001. From the results of the pairwise comparisons with the post-hoc test in Table 5, it
is clear that the method is intended to support the identification of critical activities in
distributed product development. The corresponding requirement U2 forms its own rank
group with significantly higher relevance and correspondingly lowest mean rank compared
to the requirements of rank groups 2 and 3. The differences in the mean relevance scores
of the two requirements with the next lowest mean rank are not significant, so they form
the joint rank group 2. All requirements of rank group 2 are significantly more relevant
than those of rank group 3.

Table 5 Results of the relevance evaluation of the requirements for the support evaluation of the
method (n = 125)

Rank
Group Requirement Medium Rank Relevance* Al A2 A3 A6 A5 A4
1 AL 2,75 2,4 e e o
1,000 | 0,003 | 0,002 | 0,000 | 0,000
2 a2 2,79 2 ®  ©o
1,000 0,005 [ 0,004 | 0,000 [ 0,000
A3 3,64 2,3 O
3 0,003 | 0,005 1,000 | 1,000 | 0,039
A6 3,65 24 Oo| O
0,002 | 0,004 | 1,000 1,000 | 0,046
4 A5 3,82 2,2 O O
0,000 | 0,000 | 1,000 [ 1,000 0,402
5 A4 4,35 26 O] O 0]|O0O
0,000 | 0,000 | 0,039 | 0,046 | 0,402
@  Requirement (row) significantly more relevant than requirement (column)
O Requirement (row) significantly less relevant than requirement (column)
corrected p-value from pairwise post-hoc test

*Relevance of the requirement [1(essential) - 5(very unimportant)]

10



Application evaluation

Six applicability requirements were identified for the application evaluation after the DRM,
which are shown in Table 6. For the applicability of the requirements in distributed product
development, the method should have an appropriate effort-benefit ratio (Al).
Furthermore, it should be easy to use for the development team (A2), be structured in
meaningful work steps (A3), have an appropriate level of detail (A4), be able to be
integrated into existing processes (A5) and be applicable in different development teams
(AB).

Table 6 Requirements for the application evaluation of the method
The method should ...

Al ... have areasonable ratio of effort and benefit.
A2 ... beeasy to use for the development team.

A3 ... bedivided into meaningful steps.

A4 ... have an appropriate level of detail.

A5 ... beable to be integrated into existing processes.
A6 ... beapplicable in different development teams.

The Friedman test revealed significant differences in the relevance of the different
applicability requirements with a test statistic of y2(5) = 91.407 and a p-value of p < 0.001.
According to the results of the relevance assessment, the requirements can be classified
into five rank groups (Table 7). The requirement with the highest relevance and
correspondingly lowest mean rank is the requirement for an appropriate cost-benefit ratio
(Al). It forms a separate rank group with significantly higher relevance than the
requirements of the other four rank groups.
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Table 7 Results of the relevance evaluation of the requirements for the application evaluation of
the method (n = 125)

Rank
Group Requirement Medium Rank Relevance* U2 U5 U3 U4 Ul U6
1 u2 2,82 1,6 . . .
0,457 | 0,214 | 0,003 | 0,002 | 0,000
U5 3,33 16
2 0,457 1,000 | 1,000 | 1,000 | 0,058
u3 3,4 2
0,214 | 1,000 1,000 | 1,000 | 0,139
U4 3,69 2,3 O
0,003 | 1,000 | 1,000 1,000 | 1,000
3 Ul 3,74 2,1 O
0,002 | 1,000 | 1,000 | 1,000 1,000
U6 4,02 2 O
0,000 | 0,058 | 0,139 | 1,000 | 1,000
. Requirement (row) significantly more relevant than requirement (column)
O Requirement (row) significantly less relevant than requirement (column)
corrected p-value from pairwise post-hoc test

*Relevance of the requirement [1(essential) - 5(very unimportant)]

Interpretation of the requirements

To develop the intended method to enable continuous improvement of distributed
collaboration, the identified requirements were transferred into measures, elements and
activities of the method. First focusing on the requirements of the support evaluation, the
requirements were interpreted and operationalized as activities of the EDIT method with
different goals that can be comprised in four consecutive phases (Figure 1).

The first phase of the method is the potential analysis, in which the situation and
problem analysis take place. Therefore, potentially critical activities of the distributed
product development process are identified and potential fields of action of the distributed
collaboration that offer potential for improvement are analyzed. In the measure definition
(phase 2), alternative solutions as measures for addressing the potentials are derived,
prioritized, and selected. The third phase focuses on the measure implementation and thus,
serves to develop the identified potentials based on the selected measures. In the last phase,
the measure evaluation, the effort and benefit of the measures are compared to evaluate the
success of the measure and to be able to give a statement on all evaluation criteria after
Blessing and Chakrabarti (2009) focusing the success evaluation.

Figure 1 represents an initial reference process model of the EDIT method focusing on
the individual possibilities of applying the method. The different phases with their activities
can be carried out iteratively employing various possibilities of implementation.
Workshops, interviews and surveys are only a small overview of implementation
possibilities that can be selected individually in the different phases. This can lead to a low-
barrier application of the method in practice due to the possibility to choose the method
implementation suitable for the respective development context (Duehr et al., 2019). For
example, a retrospective to identify improvement potentials and measures to address the
potentials can support the first and second phase of the EDIiT method (Duehr, Kavakli, &
Albers, 2021).
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Figure 1 Reference process model of the EDIiT method

In the following research activities, the remaining requirements of the application and
success evaluation will be finally transferred to the individual phases as measures, elements
and activities. This will include, for example, subdividing the phases of the method into
steps presenting an individual package of activities. Each activity is assigning clear
instructions for action and possibilities for implementation. Another aim is to ensure that
the final representation of the method corresponds as closely as possible to the underlying
procedure. In addition, the method should offer the possibility to respond to the individual
needs of different teams and therefore be applicable in different teams without
compromising existing processes by enabling individual method selection and
implementation possibilities in the different phases and steps.

5 Summary and discussion

The main achieved scientific contribution is the identification of relevance weighted user
requirements of a method for enabling continuous improvement of the collaboration of
distributed development teams as well as the operationalization of the initial requirements
in a holistic method. As the relevance rating for all requirements was at a similar and very
high level it is considered that all requirements should be taken into account in the
development of the method. The initial method is based on needs derived from potential
users as the center of product development (Albers et al., 2019). Therefore, this
contribution built the foundation to further develop a user-centered method that supports
distributed development teams to continuously improve their collaboration while
considering their individual development context. In addition, the procedure for developing
the method and the initial representation is presented to ensure transferability to other
research areas.

Limitations

Several limitations must be noted. First, the first stage of the Delphi study was only
conducted with five experts. However, when selecting the experts, attention was paid to
covering various criteria such as the domain of product development, function in the team
or years of experience. Nevertheless, it cannot be assumed that every potential requirement
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has been identified. Second, since all requirements were assessed as relevant, not all
requirements could be implemented in the initial method. Thus, the focus of this
contribution was on implementing the requirements that were assigned to the support
evaluation. And third, as a result, there is still a lack of a guideline that supports the
planning and the application of the method for the individual development context.

Practical implications

By focusing on the needs of the development team from the very beginning and by
presenting an initial representation of the method, a low-barrier application of the method
in practice with a high probability of success is enabled. Keeping the phases of the method
generic allows the development team to further adapt the method to their individual
development context. Nevertheless, the guideline to be developed in the next research
activities will support the implementation and application of the method. Eventually, this
will positively contribute to an improved collaboration in distributed product development
processes.

Directions for future research

This study built the foundation for a user-centered method that enables continuous
improvement of distributed development teams. Coming from an initial operationalization
of the identified requirements and the initial representation of the method, a detailed
operationalization will take place. Further research will focus on the development of a
guideline that supports development teams to adapt and implement the method to their
individual development context. Moreover, to provide a method that is to be transferred to
different development contexts, a comprehensive validation of the method will be carried
out. Therefore, to deal with the trade-off between internal and external validity (Roe &
Just, 2009), the validation of the method will take place with field experiments as well as
laboratory such as the Engineering simulator (Hofelich et al., 2021). This enables an
iterative validation and subsequent adjustment of the method to ultimately provide a
promising and transferable method to distributed development teams.
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