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Abstract—Learning is a lifelong process, which may not end
at the transition from school to work. To exploit modern
software systems used in design engineering, in order to
increase efficiency and stay competitive, engineers have to
keep on gaining knowledge during occupation. Anyhow,
employees are usually not or only insufficiently trained, as
no working time shall be lost. This paper demonstrates an
opportunity to implement a learning-by-doing within the
development process by the utilization of a Knowledge
Based Engineering System (KBES). The user is supposed to
be able to improve efficiency and quality in design engineer-
ing without the need of time-consuming trainings. Instead
he/she is getting a short introduction (10 to 15 minutes),
which can take place anytime during work. Therefore,
product- and process-knowledge is saved within a
knowledge-base and provided to the user in a way allowing
him/her to use the system intuitively as he/she is guided
through the process. As each step of the system may be
reconstructed in the structure tree of the CA-system, the
user understands the basic concepts in an implicit way. An
experimental study is conducted to prove the effects of the
KBES. The results clearly show that the efficiency and data-
quality can be raised by the usage of such a system. Fur-
thermore the study proves that there is a learning effect as
the test persons could improve their results on a more com-
plicated task after about four to six weeks past the introduc-
tion. The results may be explained with the Cognitive-Load-
theory regarding the method of Worked-Out-Examples.

Index Terms—Cognitive Load Theory, implicit learning,
KBE, Knowledge Based Engineering, Worked-Out Exam-
ples

L INTRODUCTION

The increasing globalization in the automotive industry
is putting a high competitive pressure on companies. In
order to assert themselves within the global competition,
automotive companies have to create efficient working
processes and continue to develop and improve the latter.
Nowadays, the basis for this are software systems which
are also further developed in a fast manner. Those systems
often attain a complexity, which can only be handled by
experts. As such an expertise is very specific, it is usually
not teached entirely within a degree program. Instead,
copious foundations are created which are deepened ac-
cording to a certain task during occupation. Therefore,
young professionals always have to go through a learning
process while they are already working productive. This is
well known and accepted by the employer. The workload
is accordingly smaller at the beginning. Employees work-
ing in a job for several years usually obtain no or only
little time for learning activities, although it might be
needed for different reasons, like the just mentioned fur-
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ther development of software systems. Furthermore, em-
ployees gain additional responsibilities, which afford the
usage of new tools. Another point is the fact that there is a
high fluctuation especially in big companies which is
partly desired, as it is providing the opportunity to hire
employees on a lower salary level [1]. Highly paid work-
ers are moved to positions with more responsibility in
return. Another reason is the engagement of external ser-
vice providers to increase flexibility. The contract award
is referred to the project, not a certain person. This way,
there are more changes of working persons within a pro-
ject for an optimal capacity utilization of the service pro-
viders’ staff.

Especially the early phase in the field of product engi-
neering is characterized a lot by virtual methods. Hedges
may be performed earlier, costing only a fraction com-
pared to experimental set-ups. Base for feasibility studies
and simulations within diverse domains are three-
dimensional CAD-models. The learning of engineering
design methods is an inherent part of a variety of engi-
neering studies, whereas the depth of education ranges
from basic functions of volume-modeling to techniques of
automated product configuration [2]. Advanced methods
of construction allow major efficiency enhancements with
simultaneously increasing data-quality if the user is capa-
ble to exploit the full potential of the highly priced soft-
ware. A study with 153 powertrain engineering designers
from an automotive company and suppliers shows that
this is very uncommon [3]. According to these investiga-
tions only 14% of participants are using the possibilities
offered by the provided CA-system. 85% state that they
are missing the methods to identify, classify and deter-
mine the necessary parameters and associative relation-
ships. Young professionals do not have the experience
needed. Experts with many years of experience have simi-
lar problems as well, as the construction process has
changed a lot with the development of parametric systems.
Therefore, engineering designers have to familiarize
themselves with the parameterization-process in order to
exploit the potential [4]. Furthermore there is a constant
integration of new functionalities.

Concerning the superior goal of efficiency enhancement
within the development process, extensive trainings would
be sensible, as they lead to major time savings by creating
CA-models. Furthermore, there are considerable ad-
vantages with variant constructions and subsequent pro-
cesses, for which the data-quality is crucial. The bottle-
neck for structural analysis is for example the pre-
processing (preparation of data for the calculation), which
takes most of the time needed for structural analysis [5].
The redemption of the time for education would be ac-
complished accordingly fast. Nevertheless, employees in
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an industrial environment are hardly trained intensively,
because they cannot work productively during this time.

The aim of this paper is to demonstrate an approach
how young professionals as well as employees with sever-
al years of experience can be enabled to exploit the full
potential of software-systems without attending training
classes on the expense of working time, by means of mod-
ern methods of virtual product engineering. A knowledge
based engineering system (KBES) is introduced, which,
amongst others, is a technique for design automation [6,
7], allowing the user to increase the efficiency and data-
quality by utilizing integrated knowledge without de-
manding specific know-how (of the construction method /
respective component). Thereby, the time for incorpora-
tion of inexperienced workers is reduced [8]. Furthermore,
an implicit learning effect is supposed to be established
which corresponds an acquisition of knowledge mostly
independent of conscious learning-attempts and without
the existence of explicit knowledge about what is acquired
[9]. Goal is to generate tacit knowledge through learning
by doing. The term ‘tacit knowledge’ describes personal,
context-specific knowledge, which is difficult to com-
municate, resulting from the experiences of the individual
[10].

To reach these goals, the represented KBES contains
expert knowledge of the structural setup of a component
as well as about each single construction step necessary in
form of construction packages. The programmatic sum-
mary and automated execution offers the possibility to
realize construction procedures in a few minutes, which
would take days in the conventional manner [11]. The
user has the opportunity to access the packages succes-
sively over a graphical user interface (GUI) provided in
the familiar working environment. The general goal to
free the user of repetitive tasks by means of knowledge
based methods to give him more time for creative pro-
cesses [12] is pursued here, too. The focus is put on a
structure allowing major changes by the manipulation of
basic elements. This way, non-sophisticated users are
enabled to realize their ideas in a fast and uncomplicated
manner. To what extent the mentioned goals may be
achieved is proofed by an experimental study.

The paper is structured as follows: section two de-
scribes the relevant theoretical foundations of learning
methods together with previous works regarding the ap-
plied methods in the domain of product engineering. Sec-
tion three discusses the specific challenges of the con-
struction work by the example of automotive headlamps
and an appropriate KBE-system, which serves as a case
study for the following investigations. In the subsequent
part boundary conditions of the experimental study are
defined, the execution is described and the results are
presented. Conclusions are drawn in the fifth section. The
work is finished with a summary and an outlook.

II.  THEORETICAL CONTEXT

A. Worked-Out Examples

Learning is a lifelong process, which bears over the oc-
cupational context. Thereby information is gathered, pro-
cessed and implemented [13]. An efficient way of inte-
grating learning and work is the method of ‘worked-out
examples’. It is characteristic for domains in which algo-
rithmic knowledge has to be understood and applied [14].
It is therefore a problem with a worked-out solution that
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has to be comprehended by learners. It consists of a for-
mulated problem, the solution steps and the final solution
itself [15]. After the explanation of a principle, it is
demonstrated how it may be applied. Afterwards, the
learners have to solve an exercise on their own. Effective
learning effects appear especially when the phase of stud-
ying the solution example is intensified and enlarged [16].
A variety of studies show that worked-out examples are
meaningful especially at the initial acquisition of cognitive
skills in scientific domains like mathematics or physics
[17]. According to Stark [18] and Renkl [17], learners
prefer worked-out examples in relation to other learning
medias and rightly so, as the learning with such examples
is effective and efficient. The instructional configuration
of the learning situation may be varied such that there is
more space for the actual learning processes. This way the
working memory is stressed to a lower extent so that
learners are able to use their cognitive capacities for the
deepening of their understanding [19].

Numerous experiments proofed that learners favor the
usage of examples [20]. Concerning the solving of exer-
cises by inductive conclusions it was investigated to what
extent learners orient themselves towards previously de-
scribed examples or teaching texts, which illustrate ab-
stract principles. It was revealed that the majority of par-
ticipants oriented themselves towards the examples.
Worked-out examples have a significant role especially in
the early phases of knowledge acquisition [21]. At the
beginning learners are often dependent on examples which
is reflected by the fact that they are often incapable to
solve exercises which only differ to small extents from the
provided examples [18].

The receipt of initial cognitive skills by means of learn-
ing with worked-out examples is particularly high when
the learning persons are able to explain and reconstruct the
logic of the examples by themselves [22]. The term of
“self-explanation” in the context of learning through
worked-out examples was introduced by Chi et al. [23]. In
order to really understand the learning material, a student
has to draw conclusions and make inferences. He/She
needs to provide explanations (either overtly or covertly)
for why a particular action is taken. “Only then will the
student be able to apply the acquired procedure to noni-
somorphic problems that do not match exactly the condi-
tions of the example solution” [23]. According to Renkl
[17] these conclusions are called principle-based explana-
tions and are of great importance as learners are gaining a
deeper understanding of the solution procedure. They
know how to link the solution steps to the basic principles
of a topic area. Finally cutting out the examples step by
step supports an autonomous processing of exercises,
especially concerning the automation of skills and their
delicate adjustment.

B. Cognitive Load Theory

Sweller and Cooper [24] analyzed learning through
worked-out examples as well as learning though problem
solving in the context of knowledge acquisition in algebra.
Thereby learning by means of worked-out examples re-
sulted in benefits at the generation of cognitive patterns,
which support the transfer of the learned content to new
problem cases. The instructional superiority of worked-out
example conditions over problem solving conditions could
also be replicated in the domain of physics [25]. The ef-
fectiveness may be explained by the cognitive-load theory
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[26]. It sets up a relation between the initial performance
of gaining cognitive skills and the capacity limitations of
the human information processing system. The cognitive-
load theory deals in particular with the restrictions of
single modules of the working memory and the consecu-
tive instructional consequences. Cognitive load occurs in
succession of the amount of information, which have to be
available for cognitive operations during the processing of
certain tasks as well as the demanded processing methods
[27]. Such a limitation becomes problematic as soon as
there are more information units required than memory
capacity is available. The information processing system
is overtaxed and the possibility of failures increases con-
siderably [16]. There are three types of cognitive load
[27]:
- Intrinsic load is determined by the complexity of the
learning material in relation to the previous
knowledge of the learner.

- Extraneous load describes the information pro-
cessing workload. It is determined by the instruction-
al organization of the learning situation and can
therefore be altered.

- Germane load describes the cognitive load resulting
from the actual learning processes.

The goal of the instructional constitution of learning
situations is to generate a high amount of germane load.
According to cognitive-load theory, the advantage of
learning with worked-out examples is, that the latter cause
a small extraneous load giving more space to the actual
learning processes (germane load). Learners are freed
from problem solving activities, which demand a high
extraneous load, blocking capacities for the actual learning
process. The working memory is less stressed so that
learners can use their cognitive capacities to deepen their
understanding [19].

C. Virtual Product Engineering

High-performance CAD-systems represent the basic
tool in product engineering nowadays. Approaches to
generate intelligent CAD-systems by integrating a pro-
cessing of knowledge were already investigated in the end
of the 1980s [28]. Ever since the trend of implementing an
information processing within this context has increased.
Therefore CA-models are not only a virtual representation
of geometry any more. They have become data-pools, too
[29]. The German Association of Engineers (VDI — Ver-
ein deutscher Ingenieure) defines knowledge-based para-
metrics as a method to give the user the freedom to ex-
pand existing models by adding design rules, allowing an
integrated acquisition and processing of knowledge [30].
This way the geometry is determined by knowledge in
form of design and configuration rules instead of dimen-
sional parameters. They may include not only geometric
and non-geometric rules but also checking rules as may be
seen in Tab. 1.

The subsequent development step is the feature technolo-
gy. Per definition, a feature is the “aggregation of geome-
try items and/or semantics” [31]. The mapping of seman-
tic information to interpret the information, which is
available, states a crucial property of a feature. There are
predefined features by the CA-system, like drillings for
example, as well as the opportunity to create user-defined
features. Basically everything that may be activated by a
user dialog in order to build resp. complete the generation
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TABLE L.
TYPES OF RULE IN KNOWLEDGE-BASED PARAMETRICS [30]

Type Example

Geometric rules
or parametrics

Width is 20 mm. the height is half the width.
width = 20, height = width/2

Non-geometric If the type designation of the adapter is KM40, a
rules diameter of a hole should be 5, otherwise 10.
diameter: if (adapter?: = “KM40” then 5 else 10

Checking rules If valuel is greater than value2, a warning mes-
sage with the text “Please check your input!”
should be output.

If ($valuel > $value2) then

print message ({“Please check your input!”};

of a product model is linked to the ‘feature’-term [32].
Further explanations and examples of feature-types may
be found in [33].

“The technology of Knowledge Based Engineering
(KBE) extends feature oriented and parametric-associative
product modeling by rule-based modeling techniques,
know-how, rules, analysis and checking functions (model
checking), event-driven routines as well as custom specif-
ic optimization processes” [34]. It represents an evolution-
ary step in Computer Aided Engineering (CAE) by merg-
ing the CAD technologies with the domains of object
oriented programming (OOP) and techniques of artificial
intelligence (Al), giving benefit to automation solutions
[35]. With the automation of design tasks by embedding
engineering knowledge, leading industrial companies,
exploiting KBE, have shown dramatic return on invest-
ment [36]. A reason therefore is the possibility to create
highly specific solutions meeting exactly the demands of
the user. Therefore, not only the capabilities of the CA-
system may be used, but also any external CAE-tool
providing an application programming interface (API).
With this scope of possibilities, KBE enables not only
saving information for a single design, but to model the
whole process of how to generate the design [37]. This
fact is especially important for the current work, as it
enables, in combination with the possibility to create
graphical user interfaces (GUI), a guiding of the user
through the construction process.

As the development and maintenance of KBE applica-
tions is a complex undertaking, many scientific researches
deal with the description of how to create such a system
[38-40]. The KNOMAD - methodology is providing six
basic steps for this issue [40]:

- Knowledge Capture: identification and capturing of
relevant knowledge.

- Normalization: raw knowledge is subjected to quality
control and normalization.

- Organization: providing a knowledge structure for
various stakeholders.

- Modeling: Generation of product models and pro-
cesses.

- Analysis: Calculation of design implications on sin-
gle disciplines.

- Delivery: Performance of a design solution ac-
ceptance check.

III. CREATION OF THE KBE-SYSTEM

To what extent the goals mentioned at the beginning
may be achieved by a KBE-application shall be constitut-
ed by the case study of the engineering design work of
automotive headlamps. Therefore the specific problems
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are outlined and the functionalities of the system are ex-
plained. Further information on the KBES serving as basis
for the investigations may be found in [41-43].

The headlamp component (Fig. 1) is a well-suited ex-
ample because of the variety of requirements from a tech-
nical point of view, statutory rules and the strong influ-
ence of the design on the appearance of the whole car. The
high number of competing influencing factors is leading
to complex shapes, which have to be adopted a lot within
the development process. Besides there has to be the pos-
sibility to extrapolate different variants of a basic con-
struction.

The first step in the development of a headlamp is al-
ways the modeling of the outer lens. Based on a design
surface, describing the outer skin of the vehicle, a volume
body has to be created. This is already a demanding chal-
lenge, as there is no geometry, which can be used as refer-
ence in this state. Therefore, at the beginning, a
wireframe-structure must be build, which may only refer
to the axis system and the input surface. On this basis, a
surface- and finally a volume-model can be generated. To
accomplish the demands on robustness and flexibility
(factors for data-quality [7]) a strict parametric structure
has to be pursued from the very beginning, which has
been developed and improved over many years to meet
the requirements. For this purpose a lot of ancillary ele-
ments are necessary resulting in a total of about 4000
construction elements for one outer lens. While the crea-
tion of a component is a highly creative process, the struc-
tural construction work to generate a parametric model is
mainly an algorithmic workflow. To gather this workflow
and save it in the knowledge-base, a series of expert-
interviews was held. Furthermore, the knowledge-
engineer (creator of the KBES) conducted the whole con-
struction of the component by himself, to recognize the
relevant information and filter it within the normalization
phase. Subsequent, the collected knowledge was rehashed
in order to provide it to the user in an appropriate way.
Thereby the focus was put on enabling the user to perform
the construction without any specific pre-knowledge and
that he/she can reconstruct the creation process. For this
reason, construction-packages are introduced, which are
able to process an arbitrarily number of construction steps
within the modeling phase in an automated manner. The
scope of a package is determined by the knowledge engi-
neer in regard of how sensible single steps of the proce-
dure may be summarized. The user obtains access to the
knowledge contained in a package by a graphical user
interface allowing him to control the process intuitively.
Therefore the system recognizes the current state of the
working model and offers accordingly the next necessary
step (Fig. 2 + 3). After the execution of a construction
package the user has the possibility to reconstruct all the
transacted operations in the structure tree. This way he/she
obtains a comprehension of the construction process as
well as of the single methods, which are used within the
process. Additionally, care was taken to use only simple
basic functions for creating the parametric framework to
allow major modifications of the model by simply editing
sketch-elements via drag-and-drop. After each adjustment
the user immediately sees the impact on the overall model.
This also very intuitive approach helps to understand
which consequences are caused by parametric changes
and how the elements are linked to each other. On the one
hand, this setup is meant to allow that inexperienced em-
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Figure 1. Automotive head lamp.
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Figure 2. GUI at the beginning of the construction process [8].
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Figure 3. GUI at the end of the construction process [8].

ployees may be incorporated as fast as possible, resp. are
enabled to work on the same level as experts. On the other
hand the objective is that the user gets a better understand-
ing of the construction process and the individual working
steps with continuous usage. The intention is therefore
that a learning effect occurs, allowing the user to create a
CA-model with the KBE-application within the shortest
possible time, according to the imagination of the user,
with a high data-quality.
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Figure 4. Experience of the participants.

IV. EXPERIMENTAL STUDY

A. Description Of The Experiment

To check the accomplishment of the addressed goals,
an experimental study is performed with two construction
tasks for the volunteers. Furthermore, a questionnaire
must be answered before and after each construction. The
field of participants is split randomly into three groups.
The groups get equal tasks but the manner in which they
are introduced differs. To experimental group one (V1)
the principle procedure is illustrated by a video showing
all working steps within about 10 minutes. During the
experimental execution no questions concerning the KBE-
system were answered. V2 is introduced by a live-
demonstration including a detailed explanation (duration
about 15 minutes). Furthermore, there is the possibility to
ask questions during the test procedure. The third group
(V3) represents the control group, which has to solve the
task without the KBE-application or any explanations.

The task is to create a pre-defined volume-body as fast
and precise as possible. The model is supposed to be as
flexible as possible, as well. The maximum time is set to
60 minutes. The input element is only a design-surface,
similar to the real conditions of the development process.
The desired body corresponds to the principle structure of
a headlamp lens, but is a lot smaller to limit the necessary
time for the test.

Rated are the criteria time for accomplishment, accura-
cy and flexibility. The time needed is assessed with a
scale, as it is not possible to forecast the necessary time to
complete the task of volunteers who achieve only a minor
construction progress. Not solved but already far pro-
gressed constructions are rated by the time needed for an
expert to complete the exercise. In order to evaluate the
accuracy, experts compare the volunteers’ models with the
predefined volume body. The scale ranges from very
accurate (1) to not comparable (5). For the measurement
of the flexibility, there are three pre-defined variants, to
which the models have to be able to be adopted. The vol-
unteers do not know those variants in advance. The modi-
fications consist of a simple and a major shape change as
well as a structural rearrangement.

Aiming to verify a learning effect, the three groups are
confronted with another construction task four to six
weeks after the first test. In the second test, the intended
body is a part of a real lens. The example has the same
structure but a more complicated shape. That means that
the solution principle must to be transferred to a more
complex problem. None of the groups is allowed to ask
questions. The assessment is the same as in the first test
series.
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B. Participants

The field of participants consisted of 30 employees (4
women, 26 men) of an automotive manufacturer and as-
sisting service providers. Their age was between 23 and
55 years (M=31,9; SD = 9.9). The condition for the partic-
ipation was having at least basic knowledge in handling a
CAD-system. The working experience was in the middle
7,6 years (SD = 9,1) and varied widely, which may be
seen in Fig. 4. The level of experience throughout the
tested persons also had a wide range. 86,7% never worked
with headlamps before. 76,9% of the participants never
used a component-specific construction system before.

C. Results

According to the questionnaire only 3,4% of the partic-
ipants use the parametric possibilities of the CA-system to
its full extent. 24,1% stated that they use those functionali-
ties quite a lot whereas 43% use them hardly or not at all.
Furthermore, 23,3% maintained that they were incorpo-
rated sufficiently, able to start working afterwards. The
average time for the incorporation towards the specific
design tasks of the respective department was 10,3 hours
(SD = 12,7), which corresponds less then two working
days. 60% of the polled did not get any instructions con-
cerning the construction methods at all. The maximum
was 160 hours (Fig. 5).

The evaluation of the construction tasks is represented
graphically by means of Box-Whisker-Plots (Fig. 7 -9).
The boxes comply with the mid-position 50%, divided by
the median. The whiskers show the extreme values. The
mean value is added as blue rhombus. The results of the
two experiments of one group are represented next to each
other. This way the progression over the time period be-
tween the tests may be seen immediately. At first howev-
er, the results of the different groups for the first test are
compared. First thing to recognize is that the control group
reaches constantly the poorest performance. It can there-
fore be concluded, that the usage of the KBE-system leads
to constantly better outputs regarding the addressed goals.

CAD incorporation time [h]

Figure 5. Incorporation time for specific design tasks.
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Especially V2, which has been introduced extensively,
reaches good values with little scattering. The average was
able to complete the execution within the given time. 25%
could even finish before the time has elapsed. Noticeable
with test group V1 is that the results for the flexibility are
spread over the whole scale. Only exceptions could finish
within the given period, but the models were far pro-
gressed and more accurate then the ones of group V3.
None of this group was able to create a highly adoptable
CA-model. From half of the participants the model could
not be evaluated at all as the progression was to low.

Sighting the results of the second test, it is noticeable,
that the two groups using the KBE-application could im-
prove their performance, whereas the control group per-
formed worse than before. Furthermore, it is apparent that
test group V1 could improve a lot more then V2. For the
criteria time and flexibility even better absolute values
could be obtained. Except one participant, everybody was
able to finish the task in the given time or faster. Addi-
tionally they were all able to create highly flexible models.
The results of group V2 had a similar characteristic to the
first experiment. However, V3 got worse in all factors. No
one of the participants was able to finish the construction
work in time.

Only 9,5% of the groups V1 and V2 stated that they
think they are not capable to create a lens with the KBE-
application. 81% of the participants found such a system
would be helpful for their regular work.

V. CONCLUSIONS

The introduction of the experimental groups V1 and V2
took 10 resp. 15 minutes, whereas it was only concerning
the KBE-application. The fact that they achieved signifi-
cantly better values then the control group not only shows,
that the efficiency could be increased clearly. Further-
more, a data-quality was reached due to the KBE-system,
which may normally only be expected after a time-
consuming incorporation process. Studies show, that there

7~ \ -
input element \ V4

input element

| desired volume body |

desired volume body

are usually big differences in the quality of constructions
and the needed time dependent on the experience level of
the design engineer [44]. Regarding how narrow the boxes
are around the mean-value, it is noticeable that there is
only a little scattering (especially in the second test) alt-
hough the experience level of the participants varied a lot.
Therefore it can be concluded, that inexperienced design
engineers have been working on a similar level as their
colleagues who have many years of experience in design
works.

In the second test the volunteers had to fulfill a more
complicated design task. According to this circumstance,
the expectation was that test group V3 would not be able
to achieve a better result. Indeed, the evaluation shows
clearly that the test persons performed worse in all three
categories. However, the participants who were supported
by the KBE-application were able to improve their results,
although the model got more complex. This fact shows,
that there must have been a learning process in between
resp. during the experimental procedures. For both of the
groups, the average time needed sank under the maximum
allowed time of 60 minutes. As the system is creating the
elements in an automated manner, the workload is almost
completely determined by the adoption of the models. As
the needed time is reduced, even for more complex con-
structions demanding a transfer function, we can see that
the contestants have gained a better understanding of the
construction methodology. It has become clearer to them
how the changes of single elements have an effect on the
parametric structure and which elements have to be modi-
fied in order to obtain the desired result. Thereby not only
the working time decreases as the evaluations on accuracy
and flexibility show. The models can be adapted more
accurate to the formulated goal respectively the idea of the
design engineer. There was (hardly) no need for the par-
ticipants to create elements or links within the parametric
structure on their own which could restrict the flexibility.

.:> .

Figure 6. Construction tasks: Input elements, target bodies and model variations.
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Further noticeable are differences of the development
progress between test groups V1 and V2. While V1 was
able to enhance their performance on time and flexibility
for over 30%, group V2 achieved only about 7,5%. The
potential for V2 was not that big anymore as they had
better values the first time, but for the two mentioned
criteria, V1 could even achieve better overall values then
the second test group. This may be explained by the in-
creased learning effect, when reasoning gaps have to be
closed by inferences. The part of those principle-based
explanations was quite low for group V2, as rising ques-
tions could be posed to the experiment supervisor. The
participants of test group V1, who did not have this op-
tion, had to solve upcoming problems on their own. It is
for this reason clear, that it took them longer to perform
the first construction task compared to V2. But it also led
to a better understanding of the whole topic, which al-
lowed a better performance even on a more complicated
model, 4-6 weeks after the first try. Thus, the learning
effect was bigger on test group V1.

VI. SUMMARY AND OUTLOOK

A component-specific KBE-application was introduced
containing expert knowledge of the construction process
and the necessary working steps. This knowledge is pro-
vided to the user in form of construction-packages to
guide him/her intuitively through the design process. This
way, users of divers experience levels are able to perform
equally efficient and high-quality construction works.
The kind of the model setup as well as the provision of
automatisms results in an unconscious learning process
concerning the parametric construction methodology and
the structure of the component. A 10-minute introduction
is already enough to communicate all the information
with which the remaining knowledge gaps can be filled
autonomously. Current investigations deal with expand-
ing this approach towards integrated hedges of the creat-
ed models. Thereby no previous knowledge shall be de-
manded of the user as he/she is supported by the perfor-
mance and interpretation of the tests.
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3 =finished in time 4
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Figure 7. Evaluation of the time needed.
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