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1. Introduction

In recent years, there has been an increasing awareness that 
the retirement of a company's older employees represents a 
major loss of expertise and experience [1,2]. At the same time, 
employee turnover is often on the rise. To maintain efficiency 
and effectiveness, good knowledge transfer is required. There 
are many challenges and potentials concerning knowledge 
transfer that are not being exploited [3]. This is due to various 
reasons, one of which is that the benefits of good knowledge 
management are mostly not quantified and, consequently, 
priorities are set differently [4]. Gronau and Grum compared 
different research approaches focusing on knowledge transfer
[5]. The improvement of the speed of knowledge transfers in a 

product engineering context has already been investigated in 
studies and the effect of interventions has been demonstrated. 
While interventions, that are intended to increase the quality of 
knowledge transfers are known from the literature [6], their 
effect has not been investigated in studies yet.

To fill this research gap, the following research focuses on 
the improvement of the quality of knowledge transfers in a 
product engineering context. Section two presents the state of 
research in product engineering and ties it to knowledge transfer 
by presenting interventions to improve knowledge transfers and 
a schema to measure their effect on quality. Furthermore, 
validation environments are presented, which might serve as a 
basis for the intended implementation study. Section three 
elaborates on the design requirements for the validation and 
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implementation of those quality-dependent knowledge transfer 
interventions in a product engineering context. Further 
interventions have been developed, which of four have been 
implemented in a study (Sec. 4 and 5). The results show a 
positive effect on the quality of knowledge transfers (Sec. 5). In 
conclusion, further 7 interventions to improve the quality of 
knowledge transfers have been developed and an outlook is 
given (Sec. 6).

2. State of Research

2.1. Knowledge Transfer in Production Engineering

Product engineering is part of the product life cycle and 
essentially entails strategic product planning, product 
development, and production system development as well as 
production [7]. The interaction results in various fields of 
activity in overlapping areas, such as integrated product 
development and production system development. The 
integrative collaboration of these areas is also reflected in 
systems engineering [8]. One characteristic of foresighted and 
system-oriented product engineering is the management of 
knowledge [9]. It is important to understand knowledge 
management as a socio-economic challenge [8] and to 
recognize the significance of different forms of knowledge, 
e.g., tacit, explicit [10], or embodied knowledge [11]. The 
conversion from one form to another is described by [10]
externalization, internalization, socialization, and combination
or extraction and engineering [11]. Here, knowledge transfer is 
defined as the identification of knowledge, the transfer from
one knowledge carrier (e.g., product engineer) to a knowledge 
receiver (e.g., production engineer), and the application by the 
knowledge receiver [12]. To improve knowledge transfers 
regarding their speed or quality, so-called interventions can be 
implemented, which are described in the following section.

2.2. Interventions to Improve Knowledge Transfers

Grum et al. presented velocity-dependent interventions to 
improve the speed of knowledge transfer [13]. In addition, 
Klippert et al. developed quality-dependent interventions to 
increase the quality of knowledge transfer [6]. All interventions 
are summarized in an intervention catalog and are shown in 
Table 1.

Table 1: Intervention catalog with Velocity- and Quality-Dependent 
Knowledge Transfer Interventions [6,13]

Each intervention is described using a designed intervention 
template. Those templates consist of an intervention title, 
which helps to refer to a specific intervention, a short 
description of the as-is-situation (“Before”) and to-be-situation 
(“After”), a description of the intervention itself, and a field to 
explain the theoretical background behind the intervention. 
Klippert et al. [6] added a field to specify the present 
knowledge transfer type and the practicability and feasibility of 
the intervention.

2.3. Measuring the Quality of Knowledge Transfers

Quality is always described as either the absence of 
deficiencies or the properties something needs to fulfill its 
requirements. The quality of knowledge transfers is measured 
by the quality of artifacts. Therefore, requirements, that 
knowledge artifacts need to fulfill are defined beforehand. To 
assess if the artifact is fulfilling its requirements the evaluation 
schema according to Grum et al. [11] is used:

1. Correctness: knowledge artifacts need to represent the 
expectations of the knowledge carrier and receiver at least 
in essential features

2. Relevance: knowledge artifacts do not need to be 
complete, but the facts relevant to the purposes must be 
represented

3. Clarity: knowledge artifacts must be legible, 
understandable, and as clear as possible. They should be 
as simple as possible and only as complicated as necessary

4. Systematic structure: knowledge artifacts must follow a 
systematic structure to reduce complexity

5. Comparability: knowledge artifacts must follow the same 
guidelines and rules to be comparable

The scales for the five principles are operationalized with 
the Likert scale [14], which describes to what extent a 
requirement was fulfilled (1 (requirements not fulfilled) to 5 
(requirements fully fulfilled)). This makes it possible to 
compare the quality of different artifacts.

2.4. Validation Environments for Design Methods, Processes,
and Tools

Albers et al. [15] compared three different design research 
environments: a laboratory study, a Live-Lab study, and a field 
study [16] introduced Live-Labs as a validation environment 
for design methods, processes, and tools, which is situated 
between laboratory and field studies. Laboratory studies have 
the advantage of high controllability of attributes, 
reproducibility, and internal validity of results but lack external 
validity of results. On the contrary, field studies have a medium 
to high external validity of results, but do not offer a 
controllable environment in which results are reproducible. 
Live-Labs offer medium to high proficiency in all defined 
criteria. So, Live-Labs combine both advantages and aim to 
support the transferability of the results into an industrial 
setting. In the context of this paper, the Live-Lab IP - Integrated 
Product Development is used [17]. In IP, 42 full-time master's 
students of the Karlsruhe Institute of Technology (KIT) worked 

Velocity-dependent knowledge 
transfer interventions

Quality-dependent knowledge 
transfer interventions

Animation Presentation of a best practice

Instructions Evaluation of examples

Labeling Evaluation of own solutions

Repetitive layouts Transfer to a presentation

Entropic visualizations Providing a list of requirements

Functional integrations Instruction of intermediate 
milestones

Realizations Deepening

Defined working times
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in seven interdisciplinary teams on a development task 
originating from an industrial company for five months.

3. Aim of Research and Methodology

3.1. Aim of Research

According to the current state of research, transferring 
knowledge within an organization is key to securing a 
company’s competitiveness, especially when experienced 
employees retire or simply change positions or companies. 
Two main variables to improve knowledge transfers are quality 
and speed, which are already addressed in the literature. Based 
on knowledge transfer models, which are presented by Grum et 
al. [13] and Klippert et al. [6], it is necessary to implement 
interventions in a product engineering context, which suit the 
specific knowledge transfer situation to improve either the 
quality or speed. Whereas the effect of those velocity-
dependent interventions has been investigated in empirical 
studies, the quality-dependent interventions have not yet been 
implemented in an industrial setting. The following research 
questions addressed here are:

1. How can quality-dependent interventions be validated by 
practitioners? (Sec. 4)

2. How can knowledge transfer quality be raised by the 
systematic implementation of interventions on behalf of 
the Knowledge Transfer Quality Model (KTQM)? (Sec. 
4.1 and Sec. 5)

3. How can the effect of those interventions on the quality of 
knowledge transfers be measured? (Sec. 4.2 and Sec. 5)

In this empirical study, quality-dependent knowledge 
transfer interventions [6] are used to measure and validate their 
effect on knowledge transfer quality improvement. Those 
interventions consider generic objectives to be adapted to the 
context of quality-dependent knowledge transfers in product 
engineering. Additionally, Grum et al. [12] defined generic 
objectives that must be considered in the design of a workshop, 
which is intended to validate research results by practitioners 
and experts. Those have been adapted to the context of quality-
dependent knowledge transfers and are as follows:
O1. Since the practicability focuses on both universities and 

companies, the workshop must include experts from both 
kinds of institutions. 

O2. The workshop must include experts from the domain of 
knowledge management and the specific knowledge 
application context, which is here product engineering.

O3. The workshop must enable experts with concepts required 
for knowledge transfer quality improvements.

O4. The workshop must ensure that experts consider 
interventions within their individual situations.

O5. Each objective identified is relevant for the validation of 
interventions for the improvement of knowledge transfers 
in a product engineering context.

3.2. Methodology

A research approach has been defined to answer the research 
questions regarding the design of an empirical study for the 
validation of interventions improving knowledge transfer 
situations in product engineering. The implementation model 
of the Knowledge Transfer Quality Model (KTQM) and 
quality-dependent interventions [6] serve as a basis for the 
intended study. To answer RQ 1 a workshop with experts from 
the area of knowledge management as well as from product 
development of universities and companies is held to validate 
quality-dependent interventions (Sec. 4). To answer RQ2 an 
empirical study is designed to be implemented in a Live-Lab to 
validate the effect of selected interventions on the quality of 
knowledge transfers (Sec. 5) since Live-Labs are promising 
validation environments for the research of design processes, 
methods, and tools. External validation of four interventions, 
which suit different knowledge transfer situations, is performed 
in the Live-Lab IP (Sec. 6) to answer RQ3.

4. Validation of Quality Dependent Knowledge Transfer 
Interventions with Experts

The workshop design was carried out with a total of 11 
experts in knowledge management and product development
(O2) of universities and companies (O1) in an online format 
(see Appendix B). The aim here was to validate the developed 
interventions (see Sec. 2.2) and add further quality-dependent 
knowledge transfer interventions (O3). The workshop consists 
of three parts and the experts have been divided into two 
groups. 

Fig. 1: Overview of all interventions to increase the quality of knowledge 
transfers with addressed knowledge conversions and evaluation according to 

their applicability and short-term observability.

Each group has been confronted with tasks considering their 
specific knowledge as follows. In the first part, the product 
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development experts identified specific product development 
situations and described interventions to improve these 
situations, whereas the knowledge management experts
described abstract interventions as well as the background to 
knowledge conversions and evaluated the application area and 
short-term observability of those interventions (O4). In the 
second part, the experts first presented their results one by one 
and then complemented and validated the results of the other 
group in the opposite direction of their knowledge domain 
(O5). In the third part, the results of the second part of the 
workshop have been presented and the evaluation of all 
interventions has been discussed and changed if needed (see 
Fig. 1). A total of seven additional quality-oriented 
interventions were developed in the workshop (see Appendix 
A).

5. Implementation Study Design

5.1. Procedure to Improve Quality of Knowledge Transfers

The following procedure is defined to identify and exploit 
improvement potentials in the quality of knowledge transfers:
A. Identify and describe knowledge transfer situations in 

product engineering.
B. Precisely analyze the knowledge transfer situations in 

product engineering and boundary conditions (recording 
the influencing factors and their characteristics) and define 
the target system of the intervention (e.g., increasing 
quality or speed).

C. Evaluate those knowledge transfer situations to identify 
improvement potentials.

D. Define and select an intervention that is appropriate to the 
situation and needs (speed or quality oriented) (e.g., from 
a given intervention catalog).

E. Implement interventions into the product engineering 
context and if necessary, adapt those to the specific 
knowledge transfer situation.

F. Assess the quality of the process and/ or results and 
evaluate the effect of the implemented intervention 
(regarding quality or speed). Then improve those 
interventions if necessary and document changes. If you 
have implemented a new intervention, then add it to the 
intervention catalog.

5.2. Implementation Study in the Live-Lab IP – Integrated 
Product Development

Here, IP – Integrated Product Development will provide a 
research environment to validate and measure the effect of 
interventions on the quality of knowledge transfers (Fig. 2).

Firstly, knowledge transfer situations in the Live-Lab 
environment have been identified (A), using the list of 
knowledge-intensive product development situations of Albers 
et al. [18] as a reference. Fig. 2 shows the process in the Live-
Lab IP, which is divided into five phases. In this empirical 
study knowledge transfer situations in phase 2. Potential 
Finding to 4. Precision has been investigated. Each phase 
begins with a kick-off, in which the students are informed about 
their tasks and deliverables (artifacts). Here, necessary 
knowledge is transferred by the teachers to the students 
(knowledge transfer situation). At the end of each phase, each 
of the seven student teams must deliver certain artifacts (in 
Phase 2 Product Profile Template and Video, in Phase 3
Product Idea Template, and in Phase 4 Business Model 
Presentation). 

After that, the knowledge transfer situations have been 
analyzed and the target system is defined (B). In this case, the 
quality of knowledge transfer should be improved. 

The improvement potentials in those knowledge transfer 
situations have been identified (C), e.g., increasing the 
competence of the students or decreasing the stickiness of the 
knowledge. 

To do so four quality-dependent knowledge interventions
have been selected (D) from an intervention catalog [6]. Those 
interventions are Presentation of a Best-Practice (Phase 1),
Evaluation of Examples (Phase 2), Evaluation of own Solutions
(Phase 3), and Transfer of Content into a Presentation (Phase 
4).

Each intervention was implemented (E) in the middle of 
each phase after the kick-off and before the milestone. The 
detailed description of each intervention is described in the 
templates of Klippert et al. [6]. Lastly, the effect of the 
implemented intervention on the quality of knowledge transfers 
has been evaluated. The evaluation is described in detail in the 
following Sec. 5.3.

1. Analysis 2. Potential Finding 3. Conception 4. Precision 5. Realization

Intervention Intervention Intervention

5. Milestone

1. Kick-Off

1. Milestone 2. Milestone 3. Milestone 4. Milestone

2. Kick-Off 3. Kick-Off 4. Kick-Off 5. Kick-Off

Questionnaire for                 
Test Group before 

Intervention

Questionnaire for                 
Test and Control 

Group after Milestone

Presentation of a 
Best Practice and 

Evaluation of
Examples

Evaluation of own 
Solutions

Transfer of Content 
into a Presentation

Fig. 2: Scheme of the process in the Live-Lab IP – Integrated Product Development and the Implementation of Quality-Dependent Knowledge Transfer 
Interventions.
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5.3. Measuring the Effect of Interventions on the Quality of 
Knowledge Transfers

In the Live-Lab IP, the student teams were divided into four 
test groups and three control groups with each six students. 
Both groups participated in the accompanying survey after the 
milestone, but only the test groups participated in the survey 
before the intervention and the intervention itself (see Fig. 2).

The intervention was implemented in a meeting for each test 
group separately on one defined day during phases 2 to 4. Each 
meeting was moderated by one of the authors and started with 
a short survey right before the intervention. In this survey, the 
students were asked about how well a certain topic was 
introduced to them and how well they understood the tasks.

After that the intervention took place. Given the example of 
Presentation of a Best Practice, the requirements on the artifact 
of a Product Profile Template were repeated. Those 
requirements and an example have already been presented in 
the kick-off by the teachers, so there is no disadvantage to the 
control group regarding the transferred knowledge. This 
example serves as a Best Practice since it fulfilled the defined 
requirements. The students were able to discuss the Best 
Practice and compare it to their Product Profiles to find 
potential for improvement. The meeting ended after 30 
minutes. 

The second survey (after the milestone) consisted of three 
parts. In the first part, the general rating of the intervention and 
its effect on the quality of knowledge is evaluated. The second 
part evaluates the influencing factors (competence, complexity, 
time pressure). The third part evaluates the artifacts (e.g., 
Product Profile Template) based on the evaluation schema of 
Grum et al. [11].

In addition, to obtain an objective evaluation, an 
independent third party evaluated the quality of the artifacts 
based on the same evaluation schema for both test and control 
groups. With all of this, it is possible to empirically measure 
how effective an intervention is.

6. Results of the Implementation Study

Table 2 presents the results of the four interventions that 
were implemented into the Live-Lab IP.
All interventions were highly successful regarding participants' 
acceptance. All test groups rated the interventions as very 
positive (see right column). 

They stated that the interventions helped them to understand 
the knowledge better and gave them more confidence in using 
their knowledge to solve the given tasks.

Furthermore, the first three interventions also strongly 
improved the rating given by the participants compared to the 
ratings of the control groups (see fifth column). The 
independent third party also rated their results higher. Because 
of this, we can say with confidence that these three 
interventions are empirically proven to increase the quality of 
knowledge transfer.

The fourth intervention, “Transfer of Content into a 
Presentation”, did not improve the perceived quality of the 
results. This may be related to the specific boundary conditions. 
In this task the process and result formalization were open, and 
a deeper understanding of the knowledge might lead to the 
participants receiving their solutions as worse as they 
objectively are. This thesis is supported by the fact that the 
independent third party did rate their results as higher than the 
results of the control groups. So even though the rating was 
lower by the participants we can say with confidence that this 
intervention did also work.

7. Conclusion and Outlook

This paper addressed the main question of how quality-
dependent knowledge transfer interventions can be validated 
and implemented in a product engineering context, and their 
effect on the quality of knowledge transfers be evaluated. 

Seven quality-dependent interventions were validated and 
eight further interventions were added in a workshop with 
experts from the area of knowledge management as well as 
from product development of universities and companies.

Based on the state of research and these research results 
seven velocity-dependent and 15 quality-dependent knowledge 
transfer interventions are summarized in an intervention 
catalog, which helps product engineers in choosing suitable 
interventions or adapting those to their situation characteristics 
(answer to RQ1). By applying the implementation model of the 
KTQM it is possible to adapt the KTQM to a specific situation 
to improve the quality of knowledge transfers. The 
implementation of four out of 15 quality-dependent 
interventions in a product engineering context was conducted 
in the Live-Lab IP – Integrated Product Development (answer 
to RQ2).

Deliverable 
(knowledge 

artifact)

Relevant influencing 
factors

Implemented Intervention Evaluation of intervention 
by test group

Difference in evaluation of 
the results of test group to 

control group

Improvement

Product Profile 
Template

High Competence
High Complexity

Presentation of Best-Practice Ø 4,35 (σ = 0,7 | n= 23) + 0,6 ✔

Product Profile 
Video

High Competence
High Stickiness

Evaluation of Examples Ø 4,25 (σ = 0,71 | n= 23) + 1,1 ✔

Product Idea 
Template

High Competence
High Stickiness

Evaluation of own Solutions Ø 4,55 (σ = 0,68 | n= 23) + 0,6 ✔

Business Model 
Presentation 

High Competence
High Stickiness

Transfer of Content into a 
Presentation

Ø 4,25 (σ = 0,72 | n= 19) - 1,0

Table 2. Results of the implementation of four quality-dependent knowledge transfer interventions in a product engineering context (Scale 1 (not helpful at all) to 5 
(very helpful)).
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Those interventions have led to an improvement in the initial 
knowledge transfer situation. The only exception to this is the 
Business Model Presentation. This may be because the exercise 
was simple and did not require a lot of knowledge. Further 
research would be necessary to test this. This justifies the idea 
to improve the quality of knowledge transfers by interventions 
reflecting the KTQM on behalf of the implementation model 
presented (answer to RQ3). Even though not all interventions 
were validated, others may now use the KTQM and the 
intervention catalog as a guide to improving their knowledge 
transfer. 

The following research should focus on proving the 
positive effect of interventions in a real-life product 
engineering context. This could be done, by implementing the 
velocity- and quality-dependent knowledge transfer 
interventions in a field study. Since the variables speed and 
quality are addressed in several studies the implementation of 
interventions aiming for different types of improvement
dimensions, such as costs, is attractive. The examination of 
domains aside from product engineering is attractive as well.
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Appendix B. Workshop Design
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