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1. Introduction 

In product engineering, the collaboration of different 
disciplines, e.g., product and production engineers, is required 
[1]. This involves the transfer of knowledge, which can take 
place via a variety of channels, such as in-person or online 
meetings, by e-mail, or via information databases [2]. Either 
way, several factors influence knowledge transfer, which may 
cause a decrease in efficiency and effectiveness [3,4]. The focus 
is on increasing the efficiency and effectiveness of knowledge 
transfer in product engineering. Effectiveness and efficiency 

are primarily determined by the target variables speed of 
transfer and quality of the transfer result: Effectiveness is 
characterized by a high quality of results, and efficiency by the 
ratio of quality of results and transfer time, which results from 
the transfer speed. Research results show, that the speed of 
knowledge transfers can be raised by following the Knowledge 
Transfer Velocity Model (KTVM) and implementing so-called 
interventions in a product engineering context [3]. To examine 
the quality of knowledge transfers, Grum et al. [4] presented a 
draft of empirical research. This serves as a basis to investigate 
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the situations and conditions of knowledge transfer and their 
intended effect on outcome quality. 

Therefore, this paper focuses on the development of 
interventions, which intend to improve the quality of 
knowledge transfers in a product engineering context. In the 
second section, the theoretical foundation and current state of 
research knowledge transfer and product engineering are
presented. Influencing factors on knowledge transfer and 
velocity-dependent knowledge transfer interventions are 
introduced as well. In section three, design requirements for 
quality-dependent knowledge transfer interventions are 
elaborated. The fourth section introduces the Knowledge 
Transfer Quality Model (KTQM) and eight interventions. The 
last section, the conclusion, appraises the progress critically and 
gives an outlook on further research steps such as validation.

2. State of Research

2.1. Knowledge Transfer in Product Engineering

In this paper, knowledge is defined as the entirety of skills, 
cognition, and capabilities one individual has and can use for 
problem-solving, a knowledge-intensive process [5]. 
Knowledge transfer is the core activity of knowledge 
management and is the only way to ensure that relevant 
knowledge stays in a company [6]. Knowledge transfer consists 
of three stages: knowledge identification, transfer from the 
carrier to a receiver, and application of the newly obtained 
knowledge by the receiver [7].

The SECI model [8] provides a foundation to describe these 
knowledge transfers by four types of conversion. Two 
additional conversion types are introduced by [9]:

• Socialization: knowledge transfer of tacit knowledge into 
tacit knowledge

• Externalization: knowledge transfer of tacit knowledge into 
explicit knowledge

• Combination: knowledge transfer of explicit knowledge 
into explicit knowledge

• Internalization: knowledge transfer of explicit knowledge 
into tacit knowledge

• Extraction: a physical object is analyzed and transferred into 
tacit knowledge

• Engineering: tacit knowledge is used to create a physical
object

The competitiveness of companies is determined by the 
quality and speed of their product engineering processes among 
others. Therefore, they reuse knowledge gained from within 
their company, e.g., past product documentation and 
experience of employees, or other external references to 
develop a new product generation efficiently and effectively
[10]. The transfer of knowledge among various knowledge 
carriers (e.g., product and production engineers) is crucial for 
successful product engineering [11-15]. Therefore, it is 
necessary to establish knowledge management processes [e.g.,
[16,17]. Rauter [18] compares different knowledge transfer 
models and concludes, that the complexity of the process is a 
major factor, that determines the success of inter-

organizational projects. VDI 5610 [16], for example, 
introduces six stages to do so: sensitizing, definition of the 
strategy, assessment, conception, realization, operation and 
continuous improvement. They also suggest cyclical reviews to
improve knowledge management. Aiming for the investigation 
of interventions to improve knowledge transfers, product 
engineering processes serve as a suitable research environment, 
because process outcomes can be evaluated regarding the time 
required and quality achieved [4]. 

2.2. Influencing Factors of Knowledge Transfer

Several factors influence knowledge transfers, e.g., the 
competence of employees or time pressure, which might lead 
to a decrease in the speed or quality of knowledge transfers
[19]. On the one hand, the knowledge transfer velocity is 
defined as the amount of knowledge that can be transferred 
during a certain amount of time by Gronau and [20]. They 
identified the following variables increasing the knowledge 
transfer velocity: increasing competence, increasing stickiness, 
decreasing complexity, using the mother tongue, and if the 
educational background is close to knowledge transfer. On the 
other hand, the knowledge transfer quality can be derived from
a high quality of results, which means, that characteristics of 
process outcomes (artifacts) to fulfill certain needs must be 
defined before the knowledge transfers are realized [4]. 
Looking at variables, that increase the quality of knowledge 
transfers Albers and Gronau [21] also identified the variables 
above in mostly the same correlation: increasing competence, 
decreasing stickiness, decreasing complexity, using mother 
tongue, and if the educational background is close to 
knowledge transfer. Additionally, they identified time pressure 
as a further variable. If these variables and the conditions under 
which required knowledge must be transferred change, so-
called interventions are to be implemented to increase the speed 
or quality of knowledge transfers.

2.3. Interventions to Improve Knowledge Transfer Velocity

When improving knowledge transfers in a product 
engineering context, any adjustment made to improve those 
situations concerning a specific goal causes changes in the as-
is situation. Those changes are therefore called knowledge 
transfer interventions [7]. To improve the speed of knowledge 
transfers Grum et al. [7] developed seven velocity-dependent 
knowledge transfer interventions, which are as follows:

• Animation: visualizing dynamic aspects of knowledge 
transfer by the presentation of images or objects

• Instructions: simplifying aspects of knowledge transfer by a 
guided process (e.g., orally, visually, or haptic instructions)

• Labelings: simplifying knowledge transfers by using the 
same (technical) terms to avoid conflicts

• Repetitive layouts: simplifying knowledge transfer by using 
the same layouts 

• Entropic visualizations: simplifying knowledge transfer by 
combining the same type of visualizations

• Functional integrations: simplifying knowledge transfer by 
integrating different, e.g., images or function sketches, in 



Monika Klippert  et al. / Procedia CIRP 119 (2023) 919–925 921

one working space to make interpretation easier
• Realizations: simplifying knowledge transfer by providing 

real objects or models rather than, e.g., sketches or 
illustrations

In a workshop with experts in knowledge management as 
well as in product engineering of universities and companies, 
those interventions have been validated. In addition, their effect 
on the speed-optimization of knowledge-intensive processes 
has been empirically proved [3]. All velocity-dependent 
knowledge transfer interventions have been summarized in an 
intervention catalog [7]. As an orientation for the design of 
quality-dependent knowledge transfer interventions in section 
4.1, these interventions have been considered as the basis. 
Thus, in the long run, a catalog of interventions improving 
knowledge transfers can be set up.

3. Aim of Research and Methodology

3.1. Aim of Research

The effectiveness and efficiency are primarily determined 
by the target variables' speed and quality of knowledge 
transfers. While the current state of research shows how the 
speed of knowledge transfer can be raised by implementing 
interventions, it does reveal a research gap regarding the 
improvement of knowledge transfer quality in a product 
engineering context. Therefore, this paper aims to develop a 
model based on existing theoretical findings, which enables the 
development of situation-adequate interventions to improve the 
quality of knowledge transfers. Hence, the research questions 
(RQ) addressed here are:

1. How can the improvement of the quality of knowledge 
transfers in a product engineering context be described? 

2. How can quality-dependent knowledge transfer models be 
used to derive interventions, which improve the quality of 
knowledge transfers in a product engineering context?

While designing interventions several generic objectives 
need to be considered, which have been introduced by Gronau, 
et al. [7]. Those have been adapted to the context of quality-
dependent knowledge transfers:

O1. Interventions must consider empirically proven factors 
that influence the quality of knowledge transfers. 

O2. Interventions must consider all kinds of knowledge 
transfers, which up to now the externalization, 
internalization, socialization, extraction, and engineering.

O3. Interventions must be able to be implemented in any 
company or university.

O4. Interventions must be controllable, which demands their 
measurability and changeability.

O5. Interventions must show effects in short-term horizons.

These objectives are relevant for the design and validation 
of interventions for the improvement of knowledge-intensive 
business processes and serve as input for the following 
sections.

3.2. Methodology

To answer RQ1 the KTVM was used as a reference to design 
the Knowledge Transfer Quality Model (Sec. 4.1). As part of 
the KTQM, empirically proven factors, that influence the 
quality of knowledge are identified, which are used for the 
description of the knowledge transfer situation in a product 
engineering context as well as for the intervention 
characterization (Sec. 4.2).

To answer RQ2 an implementation model is designed to 
make the knowledge gained in by the KTQM accessible for an 
application in any kind of area. Therefore, artifacts and a 
template to describe knowledge transfer interventions are 
designed (Sec. 4.2). Based on previously characterized 
knowledge transfer situations concrete interventions are 
developed and formalized using the template (see Appendix).
Internal validation of the defined knowledge transfer 
interventions is performed. External validation in a Live-Lab 
study and a workshop with experts in knowledge management 
as well as in product engineering of universities and companies 
is presented in Klippert et al. [22].

4. Results

4.1. Implementation Model for Product Engineering Contexts

The KTVM, which was developed by Albers et al. [3] was 
used as a reference and adapted to develop the KTQM (Fig. 1). 
The implementation model for the Knowledge Transfer Quality 
Model (KTQM) is described in the following.

Fig. 1. Knowledge Transfer Quality Model (KTQM)

The underlying variables of the Optimization Model are 
complexity, stickiness, competence, and time pressure. They 
do not directly adjust to highly specific situational demands. 
Therefore, they have a visually flat surface, which does not 
match the sharp edges on the bottom half (current situation). 
The Implementation Model entails the Situation Analysis and 
the Intervention Design. Analyzing the situations means 
identifying improvement objectives and operationalizing them 
by KPIs, which refer to concrete variables of the Optimization
Model. The design of interventions includes either a selection 

Knowledge Transfer Quality Model
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of interventions, which are based on a comparison of situation 
profiles and intervention profiles, or the development of new 
and a redesign of old interventions or their combination. The 
aim is to identify and select interventions, so that situational 
characteristics are met best. The Implementation of 
Interventions is visualized by very well-fitting edges of the 
Implementation Model to the Reality, which represents the 
current situation, e.g., from a product engineering context.

4.2. Quality-Dependent Knowledge Transfer Interventions

Fig. 2 presents the template to characterize the knowledge 
transfer interventions, which is based on the intervention 
template of Grum et al. [3,7].
Each intervention has a title, which refers to a concrete 
intervention. First, a knowledge transfer situation before and 
after the intervention is described and visualized by a schematic 
representation of the product engineering context. The 
separation into the as-is situation (“Before”) and to-be situation 
(“After”) helps to describe a current situation and makes the 
effect of an intervention visible in a future situation. Then 
concrete interventions, which transform the current to the 
future situation are textually described. In addition to that, the 
theoretical background, the conversions of knowledge transfer, 
and an evaluation of the feasibility are provided. The extent to 
which the empirically proven influencing factors of knowledge 
transfer (O1: competence, stickiness, complexity, mother 
tongue, or time pressure) [4,7] re changed and which 
knowledge transfer conversions (O2: externalization, 
internalization, socialization, extraction, and engineering) are 

affected by the intervention are reflected. Lastly, the 
intervention is characterized by practicability (O3) and short-
term feasibility (O5). Practicability is divided into three 
categories according to Grum et al. [7]:

• A – Interventions that can be implemented in any company 
and university.

• B – Interventions that can only be implemented when they 
are modified regarding the specific need of an organization.

• C – Interventions, that are highly specific and can only be 
implemented in organizations under very high modification 
efforts.

In addition to seven velocity-dependent knowledge transfer 
interventions developed by Grum et al. [7], the approach 
described in Sec. 3.2 enabled the development of eight quality-
dependent knowledge transfer interventions, which are fully 
described according to the intervention template in the 
Appendix. Those are:

• Best Practice: The important aspects of a specific task are 
getting explained using an example. By presenting key 
aspects and giving an example, the knowledge is simplified 
and easier to comprehend.

• Example evaluation: Knowledge to be transferred is 
presented in the form of solutions for a similar task. This 
way the knowledge is shown in action and is easier to 
understand and use.

Background
Explanation of the extent 
to which the knowledge 
transfer relevant variables
are changed by the 
described intervention and 
therefore the quality is 
increased.

Before
Visualization and 
description of a product 
development situation and 
its problems

Intervention
Textual description of 
measures that transform 
the "before" situation into 
the "after" situation

Validation level
Empirical verification 
carried out

After
Visualization and 
description of the improved 
initial state

Conversion
Identification of the types 
of knowledge transfer 
affected by the intervention

Feasibility
Characterization of the 
intervention in terms of 
practicability and short-term 
feasibility (or observability in 
experiments).

Fig. 2. Template for Quality-Dependent Knowledge Transfer Interventions
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• Evaluation of own solutions: Knowledge to be transferred is 
taught by discussing own solutions. This makes it possible 
to find knowledge gaps and specifically focus on those.

• Transfer to a presentation: Knowledge to be transferred will 
be provided in a presentation.

• Setting a list of requirements: Relevant requirements are 
provided in the form of a list. Knowledge is transferred in a 
very structured way and is easy to comprehend.

• Introduction of intermediate milestones: By introducing 
Intermediate Milestones it is possible to regularly check for 
knowledge gaps and specifically focus on those.

• Increase of time pressure due to deepening of content: In 
addition to the primary necessary knowledge, additional 
secondary knowledge is being taught, which helps to better 
understand and deepen the primary knowledge.

• Defined working times: Specific time frames are being 
given, in which the knowledge needs to be put into action. 
At the end of the time, the solutions must be presented and 
are being discussed. This ensures that the knowledge is 
being used and worked with, shortly after learning it.

To this point objective O4 (see Sec. 3.1) is initially met by 
the design of the knowledge transfer interventions but must be 
validated according to their measurability and changeability.

5. Conclusion and Outlook

This paper focuses on knowledge transfer in product 
engineering and emphasizes the importance of effective and 
efficient knowledge transfer to e.g., secure a company’s 
competitiveness. Effectiveness and efficiency are here 
primarily determined by the target variables speed of transfer 
and quality of transfer derived from the transfer result. Based 
on the findings of previous research studies, which present a 
KTVM to improve the speed of knowledge transfers by 
implementing interventions to a specific situation, this paper 
introduces the KTQM and factors which influence the quality 
of knowledge transfers (answer to RQ1). The implementation 
model of the KTQM describes how knowledge transfer 
situations need to be analyzed to identify and select 
interventions so that their situational characteristics are met 
best. Based on this model, eight interventions are developed, 
which are intended to improve the quality of knowledge 
transfers (answer to RQ2). Those interventions are fully 
described according to the defined template (see Appendix).

Following this research, the developed quality-dependent 
knowledge transfer interventions should be validated in an 
industrial setting [22]. So, the main question that arises is: How 
can those interventions be validated and implemented in a 
product engineering context, and their effect on the quality of 
knowledge transfers be evaluated?

Acknowledgments

The scientific project is sponsored by the German Research 
Foundation DFG (ID AL 533/33-3 and GR1846/19-3). 

Appendix. Quality-Dependent Interventions to Improve
Knowledge Transfers



924 Monika Klippert  et al. / Procedia CIRP 119 (2023) 919–925



Monika Klippert  et al. / Procedia CIRP 119 (2023) 919–925 925

References

[1] VDI 2221 - Part 1. Design of technical products and systems - Model of 
product design. VDI – The Association of German Engineers; 2019.

[2] Schmidt DM, Kammerl D, Schultz B, Schenkl SA, Mörtl M. Identification 
of knowledge and processes in design projects. In DS 80-10 Proceedings 

of the 20th International Conference on Engineering Design (ICED 15) Vol 
10: Design Information and Knowledge Management Milan; 2015. pp. 
283-292.

[3] Albers A, Rapp S, Grum M. Knowledge Transfer Velocity Model 
Implementation – An Empirical Study In Product Development Contexts. 
Published in: Gronau, N. and Grum, M. Knowledge Transfer Speed 
Optimizations in Product Development Contexts: Results of a Research 
Project. GITO mbH Verlag; 2019.

[4] Grum M, Klippert M, Albers A, Gronau N, Thim C. Examining the quality 
of knowledge transfers‐the draft of an empirical research. Proc. Design 
Society 2021; 1:1431-40.

[5] North K. Wissensorientierte Unternehmensführung: Wissensmanagement 
gestalten. 6th ed. Springer Gabler, Wiesbaden; 2016.

[6] Pircher R. Wissensmanagement, Wissenstransfer, Wissensnetzwerke. 
Konzepte, Methoden, Erfahrungen. Erlangen: Publicis; 2014.

[7] Grum M, Rapp S, Gronau N, Albers A. Knowledge Transfer Speed 
Optimization – The Speed Enhancement of Knowledge Transfers in 
Business Processes Shown in Product Generation Engineering Context. 
Published in: Gronau, N. and Grum, M. Knowledge Transfer Speed 
Optimizations in Product Development Contexts: Results of a Research 
Project. GITO mbH Verlag; 2019.

[8] Nonaka I, Takeuchi H. The knowledge-creating company: How Japanese 
companies create the dynamics of innovation. Long Range Planning 1996; 
29(4):592.

[9] Grum M, Gronau N. Quantification of Knowledge Transfers. in Shishkov 
B, (Ed.). Business Modeling and Software Design. Springer International 
Publishing. Cham; 2021. pp. 224–242.

[10] Albers A, Rapp S, Spadinger M, Richter T, Birk C, Marthaler F, Heimicke 
J, Kurtz V, Wessels H (2019) The Reference System in the Model of PGE: 
Proposing a Generalized Description of Reference Products and their 
Interrelations. Proc. Int. Conf. Eng. Des. 1(1):1693–702.

[11] Gronau N, Weber E. Management of Knowledge Intensive Business 
Processes. in Kanade T, Kittler J, Kleinberg JM, Mattern F, Mitchell JC, 
Naor M et al., (Eds.). Business Process Management. Springer Berlin 
Heidelberg. Berlin, Heidelberg; 2004. pp. 163–178.

[12] Gronau N. Modeling and Analyzing knowledge intensive business 
processes with KMDL: Comprehensive insights into theory and practice. 
GITO mbH Verlag; 2012.

[13] Marjanovic O, Freeze R. Knowledge Intensive Business Processes: 
Theoretical Foundations and Research Challenges. 44th Hawaii 
International Conference on System Sciences. IEEE; 2011. pp. 1-10.

[14] Sigmanek C, Lantow B. A Survey on Modelling Knowledge-intensive 
Business Processes from the Perspective of Knowledge Management. 
Proceedings of the 7th International Joint Conference on Knowledge 
Discovery, Knowledge Engineering and Knowledge Management. 
SCITEPRESS - Science and and Technology Publications; 2015. pp. 325-
332.

[15] Strambach S. Knowledge-Intensive Business Services (KIBS) as drivers 
of multilevel knowledge dynamics. IJSTM 10(2/3/4):152; 2008.

[16] VDI 5610 - Part 1. Knowledge management for engineering -
Fundamentals, concepts, approach. VDI – The Association of German 
Engineers; 2009.

[17] Probst G, Raub S, Romhardt K. Wissen managen. Wie Unternehmen ihre 
wertvollste Ressource optimal nutzen. Wiesbaden: Springer Gabler; 2012.

[18] Rauter R. Interorganisationaler Wissenstransfer. Zusammenarbeit 
zwischen Forschungseinrichtungen und KMU. Wiesbaden: Springer 
Gabler; 2013. p. 82.

[19] Albers A, Gronau N, Rapp S, Grum M, Zaiser A, Bursac N, Weber E. 
Influencing factors and methods for knowledge transfer situations in 
Product Generation Engineering based on the SECI model. DS 91: 
Proceedings of NordDesign 2018, Linköping; 2018.

[20] Gronau N, Grum M. The Creation of a Time-Dependent Knowledge 
Transfer Model. Technical Report WI; 2018.

[21] Albers A and Gronau N. Qualitätssteigerung des Wissenstransfers in der 
Produktgenerations-entwicklung. Final report of a scientific project 
sponsored by the German Research Foundation DFG (ID AL 533/33-3 and 
GR1846/19-3); 2022.

[22] Klippert M, Stolpmann R, Albers A. Knowledge Transfer Quality Model 
Implementation – An Empirical Study in Product Engineering Contexts. 
Procedia CIRP (full-paper submitted); 2023.


