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Abstracf —Laboratory experiments play a significant role in
engineering education. The main concern of the described
hands-on miniLABs initiative (as a work in progress) is
lowering the hurdles in order to provide engineering stu-
dents with an informal and straightforward access to
experiments carried out in labs of the IUL at TU Dortmund
University. miniLABs will offer students different, short and
voluntary hands-on lab sessions, consisting of two different
modes and different aspects related to manufacturing
technology in the field of forming processes. In small teams,
students can get in touch with practical engineering activi-
ties in the fields of present scientific research, either to study
a certain phenomenon or to look at a wider engineering
context. Based on the framework of experiential learning,
miniLABs tries to foster the shift from teaching to deep
learning. Finally, this initiative aims to inspire young
students for real and hands-on engineering experiments and
to contribute to the science education of these young and
future engineers.
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L INTRODUCTION

Engineering seen as a method consists by itself of ex-
perimentation [1]. Interesting examples of this aspect are
impressively shown when looking at the procedures and
methodologies used for scientific investigation, e.g. for the
identification of relevant material properties for a modern
forming process [2] or the development of an innovative
manufacturing process such as the 3D profile bending
processes [3], [4]. In addition to other factors, laboratory
work in engineering education is therefore seen as a very
important part [5—13].

Working along the different stages of a lab course, like
the individual preparation of the subject, discussing and
getting feedback on the collected basics, planning the
experimental procedure and carrying out the experiment
itself, finishing it with the data analysis and the applica-
tion to the engineering subject, students can take ad-
vantage of the opportunity to develop necessary compe-
tencies [14]. This process can consist of engineering
competencies related to professional as well as to individ-
ual and social aspects. Therefore, using the experiment as
a scientific and practical tool during lab sessions in small
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groups, students get in touch with an environment of
relevant technologies, machines and methods as well as
further engineering skills like team work or with situations
where they need to clearly express themselves as part of
engineering communication [15], [16].

Therefore, carrying out lab courses at different levels of
learning and different degrees of complexity can foster the
link between theoretical representations of engineering
phenomena and practical applications. Furthermore, this
can enhance the conceptual understanding of the subject
dealt with including aspects of critical thinking. This is an
important factor, which employers of different fields ask
for when talking to young professionals [17].

II.  MAIN GOALS OF HANDS-ON MINILABS

Although importance of laboratory work in engineering
education is obvious [18], [19], students often do not have
the opportunity to get to know the experimental facilities
and the usage in a certain department of their choice.
Furthermore, often there is also no obvious hands-on
access to the field of application of this equipment and its
engineering questions and scientific requirements behind
it. Taking these aspects into account the following main
goals of miniLABs are

* to provide an informal, straightforward and guided
access to simple and comprehensive test equipment
in general,

* to provide the opportunity to focus on the experiment
as a scientific tool itself to investigate a certain phe-
nomenon (mode 1) or

* to deal with a wider context of some engineering
problem (mode 2) where the experiment plays a key
role and

* to compose the different aspects of the subject dealt
with to get an idea of relevant and applied practices
in the context of scientific engineering research when
using experimentation.

A. Informal and straightforward access

For the planned miniLABs there is no need for the stu-
dent to fulfill a special precondition in order to attend.
Every engineering student that is interested to get to know
more of an engineering activity or some of the provided
test equipment is kindly welcome. Even students taking
their first steps in this direction will be adequately
coached. In this regard, coaching means an appropriate
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guidance to help students reaching a higher level of
understanding of the subject of the hands-on miniLAB.

B. Phenomena and wider context

For the first phase, the planned miniLABs will provide
two different hands-on approaches — mode 1 (phenomena)
and 2 (wider engineering context).

Mode 1 means students have the opportunity to focus
explicitly on an experiment in detail, e.g. an extrusion test.
This comprises the consideration of the experimental pre-
conditions, like an overview of what needs to be set-up
and configured and in which way. And the experimental
hands-on procedure by itself and how it is methodologi-
cally planned and carried out by incorporating the relevant
dependent (measured) variables and how they are affected
by modifying the corresponding independent (correcting)
variables in order to study a certain phenomenon. After-
wards, mode 1 consists of the appropriate analysis of the
experimental data. Furthermore, the students get in touch
with the experimental equipment (machines, tools, etc.)
and learn more about the procedure. Finally, the quality of
the experiment and the acquired data will be discussed.

In mode 2, students can decide to deal with the experi-
ment in a wider context. Then, a presently relevant engi-
neering problem is provided. Here, the hands-on experi-
ment still plays a key role but further aspects are taken
into account. This spans from using the test data within a
following context e.g. to simulate a certain material
behavior (to appropriate the design of a machine compo-
nent) or to adjust certain process parameters e.g. to pro-
duce a part for an innovative space frame in the automo-
tive industry that consists of bent components.

To support a better understanding of an adequate use of
the experiment as a scientific tool in engineering research,
the meaning of

* using an approximating model in contrast to measur-
ing real data for describing a behavior (cp. [20]) as
well as

* the basic criteria for good test quality, such as objec-
tivity, reliability and validity,

are considered in both modes. As part of students’ sci-
ence education, these aspects will contribute to support a
basic level of epistemological understanding.

C. Composition of different aspects

Both, the focus on the experiment in detail to study a
certain phenomenon and the approach in a wider engineer-
ing context will be justified according to its relevance for
engineering practices. This is seen as a relevant objective
to support the continuous development process of a sound
picture of a professional engineer.

III. DIDACTICAL FRAMEWORK

Even if the lab sessions are short — that’s why we un-
surprisingly call them miniLABs — the concept will be
based on a framework that is intended to suit the key
requirements for learning in the lab — actively doing
something on your own in a small team. Therefore, this
framework will be based on applied experiential learning
and active student centered learning based on the shift
from teaching to learning as well as the alignment of
intended learning outcomes, learning activities and feed-
back.

A. Experiential learning

According to Kolb, learning is defined as “the process
whereby knowledge is created through the transformation
of experience. Knowledge results from the combination of
grasping and transforming experience” [21].

In detail, this “experiential learning theory” consists of
four consecutive steps forming a closed cycle that in turn
serves as the first round of an evolving spiral during the
learning process. Starting the cycle with a concrete or
immediate experience, which forms the basis for the
following steps, means being involved in a certain situa-
tion in order to experience something. This is followed by
observation and reflections, by which the experience is
examined, and, afterwards, the formation of abstract
concepts focusing on the generalization in order to, for
example develop theories on why an event took place the
way it did. The following stage of the cycle consists of
active experimentation, during which the impact of new
concepts is tested. This serves as the basis for new con-
crete experiences, on the next round of the spiral. [22]
During an entire loop of the experiential learning cycle as
described above, the student will get in contact with all the
essential activities such as experiencing, reflecting,
thinking, and acting [23].

For miniLABs, this transformation of experience in
order to construct knowledge is seen as an active process
that is influenced by social interactions, which need to be
considered in the conceptualization, especially when using
the experiential learning cycle as one pillar for the frame-
work of the miniLABs.

B. Shift from teaching to learning and learning by

guiding

For miniLABs, the well-known and often discussed
approach to move from teaching to learning will become
very obvious. As described, the format will comprise
small lab sessions to get students in touch with relevant
equipment and methods and procedures behind it. There-
fore, the labs will not be able to mainly focus on the
content but much more on the outcome and the process to
achieve it. This is mainly inherent to the format and will
be characterized by a student-centered approach, where
students and their activities will be in the center of learn-
ing. As much as possible within the miniLABs format, the
centering of students and their learning processes will be
considered as a design principle [24], [25]. Consequently,
this can only be achieved by changing the role of the
teacher, away from instruction-centered to more acting as
a coach that provides appropriate guidance through the
learning environment — the lab in that case. Additionally,
this approach is supported by the active integration of
experienced student assistants as mentors. They will be
trained in advance to be able to guide attending students
through the miniLAB. Hence, the entire learning process
of both the attending students and the mentors will be
more and more active and geared to the intended learning
outcomes of

* getting to know relevant equipment and methods and
procedures in their field and

* experience the relevance of carrying out experiments
scientifically as an essential tool for engineers.
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C. Constructive alignment and lab objectives

Since miniLABs will not consist of any kind of assess-
ment, it still will be a design principle to reach the highest
possible level of alignment as described in [26]. There-
fore, the intended learning outcomes will follow the
objectives and will be attuned to the applicable aspects of
the fundamental laboratory learning objectives of Feisel
and Rosa [27]. Following Feisel and Rosa, these objec-
tives consist of 13 aspects formulated as a resulting ability
through the lab experience by the students. This can mean
for example to plan an experimental approach and apply
the appropriate instrumentation (e.g. sensors or software)
and manipulate it, identifying strengths and limitations of
theoretical models of real world phenomena and critically
analyze the data acquired by the experiment in order to
objectively communicate the findings.

These aspects span over several domains including the
cognitive, the psychomotor and the affective one. For the
miniLABs, it is intended to consider all three domains
equally important in every setup, subject and mode, even
though on different levels of occurrence.

Considering the objectives of laboratory learning as part
of the intended learning outcomes, the planned lab activi-
ties need to be aligned in order to support students in
reaching the learning outcomes. Finally the students’
feedback and exchange of experiences in the team can be
seen as the closing event for a miniLAB session.

IV. PREPARATION FOR PUTTING INTO PRACTICE

In accordance with the mentioned objectives, the hands-
on miniLABs need to be structured to provide the oppor-
tunities to just drop in and become fascinated by the
experimental work engineers do.

A. Chosing a subject and a mode

All relevant information necessary to select and join the
most appropriate miniLAB will be available on a web site.
Figure 2 shows the page, which is still under construction.

Students can select either mode 1 (left) with the focus on
the explicit phenomenon or mode 2 with a wider engineer-
ing context. As an example, the following Figure 2 shows
the description of the miniLAB in mode 2 for material
characterization.

B. An example — material characterization in mode 2

In engineering the experiments for material characteriza-
tion are used to discover a material behavior by collecting
certain test data. One of these experiments can be a
hardness test or a uniaxial tensile test, which has a very
straightforward principal. A geometrically defined speci-
men is fixed at its ends and loaded with, for example a
continually increasing force on one end. Under this
increasing force, the specimen changes its geometric
dimensions. Special sensors measure those changes in
length and width. Figure 3 shows the part of the set-up
procedure by a student where the specimen is precisely
placed between the clamping units and sensors.

Simultaneously with the experiment, the derived data are
collected with measurement software and plotted on a real
time diagram as exemplified in Figure 4.

Knowing the initial dimensions of the specimen and the
behavior under the increasing load, characteristic material
parameters can be calculated and used for further engi-
neering design or for simulation of the material. For
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example, the curves of the material are used in sheet metal
forming simulations to design the required tools for a
specific forming process.

Coming back to the miniLAB in mode 2 (a wider engi-
neering context), the subject is introduced by providing a
short overview on the website. In the case of material
characterization, the importance of an appropriate set-up
of a forming process is highlighted. Therefore, it is im-
portant to know the behavior of the material in use and
this breaks down to testing the material in an experiment.

C. Starting the miniLAB session

If students find this mode appropriate, they can just
enter some basic information about themselves and enroll.
According to our experience, a number of four team
members is ideal to have enough students for a fruitful
exchange of ideas and not too many so that everybody is
still able to actively participate. If a number of four
students is reached, the time slot will be inaccessible, so
additional time slots get offered to be selected.

Before the hands-on miniLABs session starts, students
will be asked to do a self-directed preparation. This
consists of the task to develop three individual learning
questions on their own. We intend that this will addition-
ally encourage students to prepare the selected subject on
an appropriate level by themselves in advance. In this
way, the students influence the lab session, which should
foster a better motivation and identification with the
subject. The learning questions will be discussed as active
part of the lab session and there are no restrictions as to
the scope of the question, so that also experienced students
have the opportunity to expand their knowledge.

Starting with the actual hands-on lab session, students
will be an integral part of the process of experimentation
as shown in Figure 5. Here, a student, who attends one of
the first miniLAB, investigates an extrusion process by
carrying out real hands-on experiments.

Since the miniLABs offer the possibilities to students to
just drop in and take part, the experiments itself are part of
present research projects and therefore directly related to
explicit questions in engineering science. This context will
be explained to the students as a starting point. Afterwards
the lab will be carried out interactively with enough time
to discuss the prepared questions. During the first test run,
we had a very vital discussion between the attendees and
the tutor based on the questions carried out in advance.
This was fostered by the fact that freshman as well as
master students attended the minilab and they greatly
exchanged information among each other.

Finishing a miniLAB session, students will be asked for
their feedback to exchange experiences they gained, what
they have learned and how this contributed to their overall
picture of engineering professionals.

Concerning manufacturing technology at the Institute of
Forming Technology and Lightweight Construction (IUL)
of TU Dortmund University, several subjects are presently
planned (each in mode 1 and 2). These are, for example,
the investigation of material and component behavior
using an optical measurement system or hardness testing
of extruded components including both the extrusion
process and the hardness test.
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Figure 5.

Student carrying out a supervised hands-on experiment

V. CONCLUSION

Based on our experience gained from several projects
for laboratory learning in engineering education (e.g. [28]
[29] [30] [31] [32]) and a long-standing experience with
our own hands-on labs (e.g. [33]), we decided to try to
lower the hurdles for freshman engineering students
interested in experiments in our labs. The status quo is a
concept that will be comprehensively improved and put
into praxis step by step. Incorporating an accompanying
feedback and evaluation process, we will provide the
opportunity to influence and optimize the format of our
hands-on miniLLABs continuously.
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