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Abstract 
This study presents an approach for identification and elimination of challenges in modelling in embodiment design. 
These challenges can be caused either by the modelling method or the corresponding training course. To investigate the 
efficacy of a modelling method, first challenges of the corresponding training course need to be addressed. The study 
is conducted at a training course of the modelling method of the Contact and Channel Approach. A situation analysis 
of the training course is conducted in three application with 45 participants. Based on the findings, the training course 
is improved through application of insights from educational research that correspond to the identified challenges. A 
concluding evaluation takes place with 20 participants. The improvement of the training course takes place based on 
identification of challenges in the four areas of didactic elements, content structure, visualization and practical model-
ling in evaluations. Modularization is needed for purposeful training of different target groups. An issue regarding the 
practical modelling indicates a clearer view on the efficacy of the modelling method.

Article highlights 

•	 Identification of challenges in a training course for 
qualitative modelling in embodiment design through 
free text evaluation in three applications.

•	 Clustering of the evaluation results enabled identifica-
tion of suitable findings from educational research to 
eliminate challenges in the training course.

•	 Conflicts of objectives regarding content and time 
can be addressed by modularization, however, this 
increases the effort needed for investigations.

Keywords  Embodiment design · Modelling · Engineering training · Educational research · Contact and Channel 
Approach

1  Introduction

Many situations in embodiment design require quick 
decisions based on few available resources. Here, qualita-
tive modelling plays an important role through support 

of thinking processes in ideation and technical analyses. 
Reasons for their application can be missing informa-
tion in early stages of embodiment design or shortage of 
resources necessary for quantitative models like models 
based on the finite element method (FEM) or multibody 
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simulations. This becomes especially important in agile 
approaches, where many decisions have to be made based 
on scarce resources [1].

In embodiment design, most of the qualitative mod-
els are used early in conceptualization and ideation. Here, 
quick visualization of ideas without interference with the 
designer’s creativity is important. Modelling methods here 
support mostly in how to draw quick and precise sketches. 
Examples are the free sketch [2] or Organ Domain mod-
els [3]. Training courses for these modelling methods are 
partially investigated e.g. in perspective sketching, where 
the training shows benefits of this method compared to a 
traditional sketching course [4].

In later phases of embodiment design, qualitative mod-
els are used to support product structuring or quantitative 
gain of insights through multibody simulation models or 
models based on finite element methods. Examples here 
are the design structure matrix (DSM) [5], bond graphs [6], 
Characteristics Properties modelling (CPM) [7] and many 
more (see also Matthiesen et al. [8]). For models like DSM 
and bond graphs, which are developed in large interna-
tional communities, text books with explicit model build-
ing methods exist as well as lectures and training courses. 
For most of the more specific qualitative models like CPM, 
model building support is scarce. Here, often not even a 
model building method exists. However, for all of these 
models, no insights about efficacy or challenges from 
training courses has been identified.

For the transition from early conceptualization to 
quantitative modelling, models exist that are used to gain 
insights into relations of embodiment and system behav-
ior. An example here is the Contact and Channel Approach 
(C&C2-Approach) [9, 10], which has been developed to 
support design engineers in their thinking processes dur-
ing embodiment design. For this approach, a modelling 
method has been derived as well as a training course. As 
for most of the other qualitative models for embodiment 
design, no insights into the efficacy and influence of the 
training course on the modelling are present.

An investigation regarding the C&C2-Approach shows 
that even experts in modelling with this approach some-
times have difficulties in using it in a purposeful way [11]. 
These experts have learned about the C&C2-Approach in 
their education and have access to literature describing 
its theory as well as application examples and the training 
course. Investigations regarding model usage also show, 
that this approach is seldom used in modelling practice 
[12]. These findings are similar to findings about the CPM 
[13] and indicate that difficulties in learning an approach 
can hinder its prevalence in design research and practice.

The present learning possibilities seem not to be suf-
ficient to enable researchers and design engineers to use 
the C&C2-Approach according to its purpose. This is a 

critical point in the research around the C&C2-Approach. 
Studies showing the support of the built up models in 
engineering design tasks are already present as illustra-
tive case studies (e.g. [14, 15]). An experimental investiga-
tion shows the benefit of working with C&C2-Models that 
were built up by modelling experts [16]. However, it is very 
difficult to become a modelling expert with the given sup-
port. It also remains unclear, where difficulties in learning 
the C&C2-Approach emerge.

The problem derived from these investigations is a lack 
of knowledge about the influence of challenges emerging 
from the training course. The research question derived 
from this problem is as follows:

How can challenges emerging from a training course 
for a modelling method be identified and eliminated in 
embodiment design?

In this contribution, the research question will be 
answered at the example of the C&C2-Approach, as this 
modelling approach meets the prerequisites of an exist-
ing training course and missing insights about emerging 
challenges.

Aim of this contribution is therefore the investiga-
tion of challenges in the existing training course for the 
C&C2-Approach and its corresponding improvement. This 
training course is the basis for further research into mod-
elling with the C&C2-Approach as well as comprehensive 
training for engineers in industry. For this, it is planned to 
adapt insights from educational research into the training 
course.

The following passages of section 1 give an overview of 
modelling with the C&C2-Approach (Section1.1), the exist-
ing training course concept (Section 1.2) and insights from 
educational research (Section 1.3). Section 2 describes the 
research methodology for this investigation, where a situ-
ation analysis of the training course concept lays the basis 
for a subsequent improvement. A concluding evaluation 
investigates the effect of the taken measures regarding the 
efficacy of the training course. Section3 shows the results 
of situation analysis, improvement and evaluation. They 
are discussed in section 4 and an outlook is given in sec-
tion  5.

1.1 � The C&C2‑Approach

For easier understanding of this contribution, this section 
gives a short summary of the C&C2-Approach.

This section is based on [15]. Parts of the following text 
are taken from that paper without changes.

The C&C2-Approach is a thinking tool for embodiment 
design. Its aim is to support design engineers in recog-
nizing function-related parameters of the embodiment. 
As a meta-model it contains elements and rules to build 
up explicit C&C2-Models. It consists of three key elements 
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and three basic hypotheses that define the usage of its key 
elements. An overview of the three key elements Working 
Surface Pair (WSP), Channel and Support Structure (CSS) 
and Connector (C) is depicted in Fig. 1. A WSP describes the 
interface where parts of the system connect while it fulfils 
its function. The CSS goes through system parts and con-
nects the WSP. A CSS can include parts of components or 
whole subsystems depending to the modelling purpose. 
The Cs represent a model of the surrounding systems and 
transmit influences from outside the system boundaries 
into the system [16]. The basic hypotheses describe pos-
sibilities and boundaries of the modelling with the C&C2-
Approach. They are depicted in Fig. 1 (right side). [15]

A C&C2-Model (Fig. 1, center) is derived by using the 
key elements and basic hypotheses. For modelling state-
dependent embodiment function relations, the C&C2-
Sequence model is used, where the created C&C2-Models 
are structured according to their temporal sequence and 
also different levels of detail can be considered. [15]

1.2 � Concept of the training course 
for the C&C2‑Approach

Basis for this research is the course concept, which was 
developed in 2017 based on the C&C2-Approach through 
reworked definitions, lectures and discussions during the 
writing of the chapter on embodiment design in the 9th 
edition of the Pahl/Beitz [9]. Expert knowledge was also 
included through publication analysis and workshops with 
the originators. Finally, example systems present at the 

IPEK–Institute of Product Engineering were worked up for 
the course concept. The constructive alignment is used to 
harmonize learning objectives and content and to ensure 
adequate teaching and also learning control.

The course concept is structured like a classic training 
with theoretical input on the method and two application 
examples. It consists of an introduction, a theoretical part 
and three practical parts, from which one is designed as a 
common modelling task with the trainer. The purpose of 
the first practical part is to let the participants experience 
difficulties in building up an understanding of the system 
themselves using the example of a snap fit connection. 
Here the participants proceed intuitively, no methodical 
support is given.

In the practical parts, 2 computers with computer-aided 
design (CAD) software and each a CAD-expert for model-
ling the ideas of the participants are present. The modelled 
ideas of the snap fit connections are then exported from 
CAD as pdf drawings, which are transferred to two laser 
cutters and manufactured using highly dense fibre (HDF) 
plates. The manufacturing needs about 17 s per snap fit 
connection and from one plate, about 1000 snap fit con-
nections can be manufactured. This eliminates the bottle-
neck created by other manufacturing technologies (mill-
ing, turning or even 3D printing need significantly more 
time) and enables the manufacturing of many iterations 
in one training course. After manufacturing, a validation 
environment is used to test the manufactured parts. A 
mounting device supports assembly of the parts. An elec-
tronic suitcase scale is used to test the maximal force of the 

Fig. 1   The C&C2-Approach according to [17]
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snap fit connection. Objectives are that a certain force has 
to be reached five times. Therefore influences on the maxi-
mal force have to be considered as well as limited wear.

In the subsequent theoretical part, the C&C2-Approach 
is taught using an example from corporate practice and 
current modelling examples. Subsequently, a common 
model building is carried out using the example of a 
wedge lock washer.

Then, a second practical part with identical tasks to the 
first practical part and methodological support is carried 
out. At the end of the course, a summary is given and the 
evaluation takes place. An overview of the training course 
is shown in Fig. 2.

1.3 � Educational research

In this section, a short overview of educational research 
relevant for the improvement of the training course is 
given. Insights into lecture structure and content difficulty 
are described as well as didactic elements.

An important insight regarding the structure of train-
ing courses is the change of attention during the training 

unit. In lectures, the attention drops sharply after about 10 
to 15 min [18]. Bunce et al. show that attention oscillates 
between high and low during lectures [19].

Smallwood und Schooler [20] describe mind wander-
ing as a state of decoupling in information processing that 
occurs due to a shift of attention away from the immediate 
environment. Investigations of Risko et al. [21] show that 
the occurrence of mind wandering increases with the time 
of a lecture and thus the memories of the lecture material 
diminish.

The so-called sandwich principle as a didactic teaching 
unit concept can prevent mind wandering. It is based on 
the systematic alternation of collective teaching phases 
with a high information density and individual process-
ing phases of what has been learned [22]. While collective 
teaching phases consist of theoretical input in the form of 
a lecture by the teacher, the individual processing phases 
offer a high degree of active design possibilities.

The number and length of the phases are variable and 
can be designed depending on the content of the teach-
ing unit, the teaching–learning objectives, the duration of 
the event and the size of the target group [23, 24].

Fig. 2   Procedure of the initial training course concept
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For investigation of the content structure and difficulty 
of a lecture, the taxonomy of Bloom [25] can be used. 
This contains a list of six educational objectives, sorted in 
ascending order of cognitive level. An overview is shown 
in Table 1.

These levels can be assigned to training course ele-
ments and support identification of gaps and leaps in 
teaching of materials.

Effects of didactic elements on teaching success are 
described by Hattie in a standardized way through the 
effect parameter d. Negative effects are d < 0; low to 
medium positive effects are d < 0.4; high positive effects 
are d > 0.4. [26]

This allows comparison of effect size of different didac-
tic elements. From this study, an excerpt of elements rel-
evant and feasible for the improvement of the training 
course is shown in overview in Table 2:

2 � Methodical approach

To answer the research question about crucial aspects to 
be considered in training courses for qualitative modelling 
methods for embodiment design, a three step research 
approach with two field studies is used. The research ques-
tion How can challenges emerging from a training course 
for a modelling method be identified and eliminated in 
embodiment design? is answered through application of 
the three step research approach at the example of the 
C&C2-Approach.

In the situation analysis, the existing course concept is 
used in a field study to train three groups to identify crucial 
aspects for improvement. Result of this phase are insights 
from the evaluations of the groups. Then, the improvement 
takes place. Here, the observations are analyzed and the 
training course is improved by including solutions from 
educational research. Result is the improved training 
course that considers the crucial aspects identified in the 
situation analysis. In the evaluation, the improved training 
course is evaluated again to investigate the effects of the 
improvement on the crucial aspects and identify further 
research potential.

2.1 � Situation analysis

During the first field study, the training course concept was 
held and evaluated in three events with participants of dif-
ferent backgrounds. The course setting was as described 
in "Concept of the training course for the C&C2-Approach" 
section. The participants had different knowledge of the 
C&C2-Approach ranging from “never heard of it” to “expert 
in modelling”. In the context of this research, the diver-
sity of knowledge levels of the participants is not seen 
as critical as this might increase the range of uncovered 
difficulties.

The first event was the "winter school on the C&C2-
Approach" in December 2018. This winter school was 
a one-day event with the aim of bringing together the 
research community in the field of modelling in embodi-
ment design. Fourteen scientific staff members from 

Table 1   Cognitive levels 
according to bloom [25]

Cognitive level Explanation

Knowledge Recall facts, methods, processes, patterns and structures
Comprehension Capture and utilize information
Application Use of abstractions in concrete situations
Analysis Clarify structures, connections, relationships of content elements
Synthesis Restructuring/combination of content elements into a new pattern
Evaluation Quantitative and qualitative assessment

Table 2   Didactic elements 
from the Hattie study [26] 
relevant for the training course

Area of subject Didactic element Calculated effect 
size d

Source–
meta 
analysis

Visualization Leave irrelevant elements out 1.32 [27]
Visualization Keywords instead of sentences 0.99 [28]
Didactic structure Formative evaluation 0.9 [29]
Visualization Present common content together on 

a slide
0.85 [30]

Didactic structure Group discussion 0.82 [31]
Didactic structure Feedback 0.75 [32–34]
Didactic structure Asking questions 0.48 [35–39]
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product development chairs of WiGeP (Scientific commu-
nity of product development in Germany) participated. 
Some of the participants have already heard of the C&C2-
Approach during their studies or time as research assis-
tants, however none was familiar with its details and the 
modelling method.

The second event took place as part of the Mas-
ter’s course in power tool design with 18 students from 
mechanical engineering at the Karlsruhe Institute of Tech-
nology (KIT) in the summer semester of 2019. All of the 
participants have heard of the C&C2-Approach in their 
lectures. One of the participants used the C&C2-Approach 
in his bachelors’ thesis and had expert knowledge of the 
modelling.

The third event took place in July 2019 as part of a 
methods training course for 11 design engineers from 
a company. Three of the design engineers have studied 
at the Karlsruhe Institute of Technology and heard of the 
C&C2-Approach, the others had no knowledge of this 
approach at all.

As central element of the field study, the evaluation 
contained the free text evaluation question “what could 
be improved?” and was conducted at the end of each 
event. This question lays the basis for the situation analy-
sis. The results of the analysis give an overview about how 
the training course is perceived by the participants. They 
show weaknesses of the training regarding its content and 
structure.

2.2 � Improvement

The answers are sifted through by the authors and cat-
egorized according to thematic similarity. The four top-
ics identified are didactic structure, visualization, content 
structure and practical modelling. Subsequently, findings 
from educational research are identified, which can be 
used to improve the training.

Although the sandwich-structure was already imple-
mented into the initial course concept, it is still used for 
further improvement regarding the theoretical parts, 
which are partly longer than recommended. To further 
investigate the content structure, Bloom’s taxonomy 
(Bloom 1956) is used. It aims at identifying the difficulty 
of the elements of the training course before an improve-
ment in detail takes place. Regarding didactic elements, 
factors from the Hattie study [26] as the largest meta-anal-
ysis in this field are considered.

Then the assigned solutions are implemented into the 
training course. For this, at first the structural elements 
are integrated into the process of the training course. 
For example, difficult industrial examples are shortened 
or removed and slots for filling the identified gaps in 
Bloom’s taxonomy are created. Then, each slide of the 

accompanying presentation is improved regarding the 
didactic elements and finally the moderation is adapted 
to the improved course.

2.3 � Evaluation

The improved training course was held at the IPEK–Insti-
tute of Product Engineering as an internal on the job train-
ing with 20 scientific assistants. They had 0 to 5 years of 
experience in engineering design and most of them had 
already heard of the C&C2-Approach in their study lectures.

The training contents are evaluated in separate ques-
tions. The didactic structure is evaluated in the questions 
(a) to (d).

a)	 The feedback sessions were helpful for the under-
standing of the training content.

b)	 How do you rate the comprehensibility of the docu-
ments provided?

c)	 How do you rate the work in small groups?
d)	 How is the training course structured?

The visualization is evaluated in the questions (e) and 
(f ).

e)	 The training contents are clearly arranged.
f )	 The graphic presentation supports the understanding 

of the training content.

The practical parts are evaluated in the questions (g) 
to (k).

g)	 Did the application examples support understanding 
of the training course?

h)	 The tasks in the practical parts were understandable.
i)	 The practical part consisting of design – manufactur-

ing – testing was supportive for the training course.
j)	 Practical part 2: The C&C2-Approach was supportive in 

working at the task.
k)	 The application guideline was supportive in the sec-

ond practical part.

In addition, three free text questions are asked:

1.	 What did you enjoy about the training course?
2.	 What could be improved?
3.	 In which activity difficulties or ambiguities emerged?

The evaluation results are analyzed similar to lecture 
evaluations at the Karlsruhe Institute of Technology 
(KIT). The answers to the free text questions are the basis 
for future improvements of the basic training course. 
The short version and extended training course are not 
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evaluated in this contribution and bear therefore potential 
for further research.

3 � Results

This section presents the results of the three steps from 
the situation analysis of the training course to the evalua-
tion of the improved course.

3.1 � Situation analysis

In this section, at first the analysis of the free text ques-
tion “what could be improved?” is described, correspond-
ing factors from the Hattie study are assigned and the 
improved basic training course is described in overview. 
Then the content analysis regarding its cognitive levels is 
done by using Bloom’s taxonomy. Concluding the modu-
larization is described.

Table 4 shows the answers to the free text question 
grouped in the four areas of didactic structure, visualiza-
tion, content structure and practical modelling. The solu-
tions are either corresponding effects from the Hattie-
study or results from brainstorming by the authors.

Bloom’s taxonomy was used to obtain an overview of 
the content structure regarding its cognitive level. The ele-
ments of the C&C2-Approach taught in the training course 

are analyzed and cognitive levels according to the descrip-
tions in Table 1 are assigned. Table 3 shows the cognitive 
levels of the content of the initial training course concept.

Here, in the column on the left the elements of the 
C&C2-Approach are listed. The rows are defined as the 
different cognitive levels according to Bloom’s taxonomy 
(compare also "Concept of the training course for the 
C&C2-Approach" section). Addressed elements are marked 
in blue, not addressed elements in brown.

Especially in the column of comprehension and appli-
cation, gaps emerged, as the key elements, parameters, 
the C&C2-Sequence Model and the basic hypotheses 
are shortly described in the theory part and should then 
be used in the practical parts. The modelling purpose is 
addressed on almost every level in the training course 
except the synthesis, as no new purpose has to be devel-
oped by the participants. The analysis techniques and 
synthesis principles are scarcely addressed at all. For the 
improvement it is aimed at either limiting the taught 
knowledge or fill in the gaps between cognitive levels.

3.2 � Improvement

Based on the situation analysis, at first solutions from edu-
cational research are assigned to the difficulties described 
in Fig. 3. They are grouped to the four topics didactic 
structure, visualization, content structure and practical 

Table 3   Cognitive levels of the content in the initial training course concept
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modelling. The solutions have been worked out in detail 
and are applied to the training course. These results and 
are shown in Table 4.

From the analysis with Bloom’s taxonomy emerges 
the need for modularization. It is important to enable a 
comprehensive training of all C&C2-Elements to enable 
researchers and engineers to use it independently in their 
work. However, it is impossible to integrate more content 
into the timeframe of the initial training course.

As a course format similar to the initial training course 
is necessary for understanding and first application of the 
C&C2-Approach, the initial course is restructured into the 
application training course to provide limited content of 
the C&C2-Approach without gaps in the cognitive levels. 
With the basic training course and the extended synthesis 
training course, two modules are then derived from the 
application training course. Table 5 shows an overview of 
the content and addressed cognitive levels of the modu-
larized courses.

In the basic training course, the basic elements of 
the C&C2-Approach are conveyed in about 30 min. The 
extended synthesis training course contains comprehensive 
examples for modelling and a wider theory part covering 
analysis and synthesis activities with the C&C2-Approach. 
An overview of the developed modules with possible 
application fields is given in Table 6.

In the following, the application training course is 
described in detail, as it is the direct successor of the ini-
tial training course and thus investigated in the evaluation 
section.

Content regarding application of the C&C2-Approach 
in tasks of analysis and synthesis with analysis techniques 
and synthesis principles has been removed, as this was too 
difficult to teach in the 3 h timeframe. The common model-
ling has been extended by integration of question section, 
group discussion points, a feedback slide and a formative 
evaluation. In the second practical part, also small group 
work and concluding feedback has been added.

In Fig.  4, the application training course is shown in 
overview. Visual elements of the slides are adapted in the 
whole presentation accompanying the course. In the first 
practical part, small group work and a concluding feed-
back has been added. In the theoretical part, examples 
have been removed and replaced by teaching of the mod-
elling method. The learning objectives have been reduced 
to knowledge of the key elements and modelling.

3.3 � Evaluation

The application training course is held at the IPEK–Institute 
of Product Engineering with 20 scientific assistants. The 
summative evaluation addressed the general modelling 
with the C&C2-Approach, the didactic structure, the visual 
elements and the practical modelling based on the appli-
cation examples are described and presented below.

The evaluation questions on the didactic structure of 
the application training course are shown in Fig. 5. The 
questions addressed the feedback rounds, the compre-
hensibility of the documents and the work in small groups. 
The didactic elements were rated as very good and helpful 

Fig. 3   Identified difficulties from the evaluation
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by the participants. Their implementation into the training 
shows a great influence on learning performance from the 
participants’ point of view and confirms the findings from 
the literature.

As shown in Fig. 6, the training participants were also 
positive about the evaluation questions on the visualiza-
tion of the slide contents. The graphic presentation was 
perceived as clear and supportive for the understanding 
of the training content and thus confirmed the findings 
from the research on effective and learning-promoting 
slide design.

The evaluation questions from the area of practi-
cal modelling are shown in Fig. 7. These questions deal 

exclusively with the application examples and the practical 
parts of the snap fit connection. The participants found 
the revised application examples to be a clear support for 
understanding the training content. Likewise, both the 
tasks of the practical parts and the structure of the practi-
cal parts with design, production and testing were rated 
positively.

The last two questions were explicitly aimed at the 
second practical part, where a scattering of evaluations 
and mediocre results became apparent. In the second 
practical part, the C&C2 approach and the application 
guide were only considered to be of limited help in com-
pleting the task. A possible reason is the limited time 

Table 5   Content of the improved and modularized training course

Table 6   Overview of the modules of the training course

Module Description Duration Possible field of application

Basic training course Imparting the basic knowledge of the C&C2-
Approach and enabling model building in given 
tasks

30 min Studies on the C&C2-Approach
Explanation in corporate projects

Application training course Teaching the most important aspects of the C&C2-
Approach with the ability to build models in the 
analysis of technical systems

3 h University teaching
Getting to know the C&C2-Approach in the 

corporate environment
Synthesis training course Teaching all aspects of the C&C2-Approach and 

enabling its independent application in analy-
sis and synthesis tasks of the practical working 
environment

3 days Further training in the corporate environment
Training of experts in modelling
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given to complete this task, combined with the emerg-
ing bottleneck in the testing procedure (see also remarks 
in Table 7). The participants were eager to design their 
ideas as fast as possible and did not use a method, which 
was still relatively unknown to them and therefore would 
slow them down.

The answers to the questions asked in the qualitative 
evaluation are listed in Table 7:

In particular, the operation of the CAD software, 
which was used to implement the drawn design of the 
snap-in hook connection, turned out to be a frequently 
mentioned difficulty. Waiting times at the laser cutter 

Fig. 4   Application training course with changes from the initial training course
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Fig. 5   Evaluation of the didactic structure of the application training course 

Fig. 6   Evaluation results of the visualization of the slide content of the application training course 
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were also identified as a problem. In the second practical 
part, in which the test persons were instructed to use the 
C&C2-Approach as a supporting measure for solving the 
set design task, lack of time was mentioned as a frequent 
problem.

Overall the results can be summarized in the following 
key statements:

•	 The sandwich-structure of the training with alternat-
ing practical and theoretical phases is helpful and 
interesting.

•	 Direct validation using the laser cutter is a great 
option for practical modelling if the waiting time is 
short.

•	 The didactic elements used, such as feedback rounds 
and small group work support in the understanding of 
the training course content.

•	 The visual design elements of the presentation slides 
improve understanding.

•	 The temporal structure of the training needs to be 
adapted in order to improve efficacy of the C&C2-Mod-
elling in the second practical part.

Fig. 7   Evaluation results of the practical modelling of the application training course 
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4 � Discussion

Through the improvement of the training course, the 
research question How can challenges emerging from a 
training course for a modelling method be identified and 
eliminated in embodiment design? can be answered for 
the example of the training course based on the C&C2-
Approach as follows:

The identification of challenges in the four areas of 
didactic elements, content structure, visualization and 
practical modelling enabled the purposeful application 
of elements from educational research.

Regarding didactic elements and content structure, 
changes of the training course in the improvement were 
mostly the reduction of overload in the theoretical part. 
Information from recent projects and new insights about 
the modelling approach were eliminated as the given 
information caused confusion of the participants. This 
was received positively in the evaluation of the improved 
training course.

In the visualization, the analysis of each slide regarding 
its elements led to a simplification of the training course 
and was also perceived positively. Insights regarding the 
slide design present in educational research could be 
applied without causing further problems. The additional 
handout summarizing the key messages supported in fol-
lowing the course and also the independent modelling 
with the C&C2-Approach. This was also received positively 
in the evaluation of the improved training course.

The increased alternation of practical and theoretical 
parts was deemed positive by the participants, leading 
to a very good evaluation result of the structure of the 
training course. The implementation of manufacturing in 

the practical part is challenging for the course moderator 
and needs support in software implementation. This led 
to difficulties as not all participants were familiar with the 
used CAD-system and CAD-CAM intersection (computer-
aided manufacturing). However, even if it doesn’t work 
perfectly, it seems to greatly improve motivation of the 
participants. The method usage in the second practical 
part could be improved by reserving a defined time-slot 
for working with the C&C2-Approach and the application 
guideline. This can reduce stress that emerged by the short 
time given to finish the task and parallel usage of the still 
relatively unknown method.

The structural analysis using Bloom’s taxonomy led to 
modularization of the training course in three modules. 
Deeper investigation of the derived modules of the basic 
training course and the extended synthesis training course 
has not been conducted due to the boundary conditions 
of this research project. Therefore, no statements can be 
made for them. As only the synthesis training course aims at 
enabling independent modelling in the participants eve-
ryday challenges, also no statement can be made whether 
the participants are able to use the C&C2-Approach in a 
purposeful way in their everyday work.

A limitation to the evaluation results is, that individual 
learning processes have not been assessed. As the learners’ 
own motivation, existing level of knowledge and individ-
ual use of learning strategies can influence the impact of 
the training course, they are confounding variables, which 
have to be considered in further investigations.

In summary, the improvement led to a highly appreci-
ated training course, whose initial flaws could be investi-
gated and partially eliminated by applying insights from 
educational research. The application training course fulfils 

Table 7   Free text questions for 
the evaluation

Question Answers

What did you enjoy about the training 
course?

Very interesting overall
Direct validation using laser cutter
Many practical activities / proportions of practice and theory
Possibility to try out one’s own ideas
Wedge-lock washer (common modelling example)
Small group work

What could be improved? Second practical part was too short / too little time
Waiting time at the laser cutter
Workflow of CAD to manufacturing / bottleneck prototyping
Examples, where the C&C2-Approach led to improved products

In which activity difficulties or ambi-
guities emerged?

Design space in first task unclear
Previous generation leads to design fixation
CAD modelling
Iterative vs. parallel approach in first practical part
Degree of abstraction in the common modelling example
Learning by doing instead of calculations
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the aim of generating a support for qualitative modelling 
in embodiment design by enabling the participants to 
understand the advantages of the C&C2-Approach and 
providing tools for initial modelling.

5 � Conclusion and outlook

In this contribution, a training course for the Contact and 
Channel Approach as a qualitative modelling approach 
for embodiment design is investigated and improved. In a 
three step research approach of situation analysis, improve-
ment and evaluation, insights from educational research 
are applied.

The effects of conducted measurements are investi-
gated and show that improvements didactical and content 
structure as well as visualization led to very good evalua-
tion results regarding these aspects. The structural analy-
sis using Bloom’s taxonomy led to modularization, as the 
initial course had gaps in cognitive levels of the presented 
content, making it difficult to follow the course and limit-
ing the transfer of knowledge.

Potential for further research emerges through the 
modularization, as the aims of the basic training course 
and the synthesis training course differ from the applica-
tion training course and have not been investigated in this 
research project. Another potential emerges through the 
integration of manufacturing. Here, potential for smooth 
operation in the practical modelling shows as difficulties 
emerged that were caused by software-issues and manu-
facturing technology.

This research project also presents a reference for the 
development of other training courses regarding qualita-
tive modelling in embodiment design. Its structure and 
the implemented insights from educational research can 
be used in conceptualization of new training courses and 
the evaluation can be adapted to investigate their efficacy.
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