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Abstract

In order to find out how Self-Directed Learning can best be embedded in
a hybrid engineering laboratory environment to make learning there more
effective, this paper briefly presents the related workflow within a research
project. The procedure is presented from the perspectives of a requirements
analysis to an iterative didactic design, from implementation and a formati-
ve evaluation as part of a design-based research approach to a survey design,
and the first insights into the results of a summative evaluation. In the last
section, the experiences and results so far are summarized and evaluated
before there is a short outlook on the follow-up tasks of the research plan.
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1 Goals, Project Context & Research Question

This paper will demonstrate the main work steps, research questions, re-
sults, and findings from the conceptual work developed for self-directed
learning in the context of an ongoing international research project. This
is a joint project involving different universities. It addresses, among others,
the question of the best way to didactically design teaching and learning
environments using different types of media, tools, and didactical methods
combined with various kinds of educational labs (digital/virtual, remote,
hands-on, hybrid) in engineering sciences which are (partly) interconnected
with each other to be able to use them more efficiently and more broadly
by doing so. The main goal is to maximize the benefit for students working
within these settings in terms of learning progress, learning motivation,
and acceptance (dependent variables). Furthermore, this approach applies
specifically to self-directed learning, which in the context of the project is
understood as a method, especially for learners who predominantly work
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individually and, at least temporarily, digitally. The creation, implementati-
on, and evaluation of the self-directed learning concept is the focus here.
Thus, the core question is to what extent the use of this concept leads to an
increase in the aforementioned dependent variables when tested in practice.

2 Self-Directed Learning in digital and hybrid Educational Labs in the
field of Engineering Sciences: Theoretical Context

First of all, it should be clarified at this point how self-directed learning,
learning labs, engineering sciences, and the project are interrelated. This
serves an essential function in allowing us to understand why the use of this
learning method is theoretically appropriate in the given context of applica-
tion and why it was accordingly chosen to be researched in the project.

So, teaching-learning labs are important in the engineering sciences to
provide students with initial practical experience, skills, and references that
can be linked to the theoretically acquired knowledge from other learning
units (e.g. seminars, lectures) (Tekkaya et al, 2016). Those laboratory-based
learning environments are characterized by practical tasks and their closen-
ess to reality. In most cases, this circumstance implies an active and construc-
tive role for the learners, which is accompanied by self-direction (Stauche
& Sachse, 2004). Furthermore, self-directed learning is also relevant in con-
nection with a second important feature of this research project: hybridity.
For example, in many cases, the various learning phases associated with
laboratory scenarios (preparation, execution, follow-up, etc.) occur partly in
face-to-face form, partly in online phases, partly synchronously, and partly
asynchronously (Kerres, 2018). The phases in computer-based asynchrono-
us online learning environments (using a learning management system)
especially offer great potential for self-directed learning, since the learners
can determine the outcome of important decisions such as learning time,
learning pace, or learning location themselves and they have permanent
access to important learning materials (Stauche & Sachse, 2004 ; Dreer,
2008). Hence, suitable framework conditions for the successful implemen-
tation of self-directed learning as a method arise here, and subsequently
the opportunity to benefit from the advantages associated with its use for
learning. Among other things, this includes increased motivation and more
enjoyment of learning, which in turn can be followed by an improvement
in learning success (Stauche & Sachse, 2004).
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3 Requirement Analysis plus Creation, Implementation, and
Formative Evaluation of the SDL-Concept

Thus, it makes sense to investigate to what extent self-directed learning can
positively influence such laboratory-based hybrid learning environments
with regard to the variables mentioned above. For this purpose, a didactic
concept of self-directed learning was created in the research project. It is
based on findings, framework conditions, and needs that were previously
identified with a requirements analysis through scenario descriptions, guide-
line-based expert interviews, literature studies, and project objectives. In this
way, eleven requirements were identified for self-directed learning, which
had to be obligatorily adhered to for concept development and later for
scenario creation. Therefore, attention had to be paid to the anticipated
prerequisites of the learners and teachers in the project. On the learner side,
for example, the focus was on their selfregulation abilities, and their prior
knowledge of or interest in the specific subject matter (Ferdinand, 2007;
Friedrich & Mandl, 1997). For instructors and tutors, on the other hand, it
was about various skills in areas such as guidance/counseling, planning, or
media (Faulstich, 2001). Since the learning environments were intended to
foster self-directed learning to ensure meaningful and successful application
of the method, it is not surprising that all the other nine requirements
had a direct reference to this area. For instance, learning environments
must ensure that social interactions are enabled during learning to evoke
additional motivation in learners. They must also be designed to demand
the use of self-regulated learning as a learning method so that its benefits
can be realized (Ferdinand, 2007).

Using these requirements as a starting point, the concept itself was
then developed. This primarily had the goal of generating design ideas for
the hybrid learning environments consisting of laboratories and learning
management systems, by considering relevant specialist literature and deri-
ving project-specific design recommendations from these. The latter were,
if possible and reasonable, subsequently transferred to the teaching-learning
scenarios available in the research project. They were implemented conside-
ring individual circumstances (learner prerequisites, organizational/institu-
tional conditions, etc.), learning objectives, and the learning contents of the
learning environments, which all were known through surveying important
scenario-specific conditions using the requirement analysis. This procedure
refers to Kerres' model of design-oriented media didactics, which served as
a basis for all the didactic scenarios of the project and represents a kind of
decision grid for the creation of learning scenarios (Kerres 2018). So, this
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whole sequence can be thought of as a kind of selection process in which
appropriate design recommendations were adopted into scenarios.

Using a formative evaluation for each particular scenario, problems and
ways of improving the implementation of the suggestions from the concept
were then sought. To this end, semi-standardized guided interviews were
conducted with experts from the fields of engineering and didactics as well
as with the most important target groups of the learning environments
(teachers and learners). The corresponding qualitative results (overall 33 in-
terviews and 321 pages of transcriptions) were discussed within the research
group and, subsequently, decisions were made on suitable optimization
solutions. The innovations decided on were then embedded in the scenario.
In the spirit of the design-based research cycle, this process was repeated as
often as possible in each of the three scenarios.

The period of the surveys and refinements was mainly in the spring and
summer of 2020. So, the concept itself has now been completed. In its final
form, it contains a large number of design recommendations (more than
60), ranging from the use of certain tools and media, such as open badges,
learning analytics, assistance systems, or guidelines on relevant topics, to the
modularization of learning content or the choice of social form.

While in principle self-regulation elements were included in all the pro-
ject scenarios—which means that they contain more self-regulation after re-
vision than in their original state—by far the most were implemented in the
measuring-chamber scenario. In this regard, the scenarios offered various
entry points for the realization of the self-regulation recommendations, sin-
ce they are hybrid laboratory exercises that alternate between individual
and group learning phases and whose preparation and post-processing times
take place primarily through working in a learning management system
environment, created in the project. For communication and social interac-
tion, which are important in selfdirected learning, forums and feedback
mechanisms have been built in (Ferdinand, 2007 ; Stauche & Sachse 2004).
Furthermore, some of the exercises were divided into different sections
with small intermediate targets, where choices were created in the tasks
and voluntary extra tasks for practice were introduced. In this way, small
learning paths with some intermediate goals were created in such scenarios,
which were also made visually comprehensible by linking them to progress
bars and Open Badges. Open Badges are digital awards in the form of
small pictures that honor achievements and contain all relevant information
about them—i.e. who did what, where and when with what goal, etc. They
were applied in the project to support self-directed learning because, among
other things, they can increase the motivation of learners (for example,
through gamification and reward effects), but can also be helpful with
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regard to learning planning and learning assessment or reflection (Otto &
Hickey, 2014 ; Cucchiara et al, 2014). All these aspects are considered essen-
tial for the successful use of the learning method in common self-direction
models, such as Zimmermann's model (Zimmermann 2002). To encourage
learners to discuss content and to engage with Open Badges, the latter were
also awarded for meaningful communication within the forums.

Overall, all these measures are intended to communicate to learners that
they have decision-making power in the learning process and to provide
opportunities for them to plan and assess their learning better through the
transparent presentation of learning objectives, content, and sequences. As a
result, learners should perceive their learning as self-directed.

4 Summative Evaluation of the SDL-Concept and the related Scenarios

The self-directed learning concept is presently undergoing its final summa-
tive evaluation. Currently, the task is to find out how its concrete imple-
mentation in the various scenarios performs in comparison to the learning
environments used before the start of the project. For this purpose, experi-
mental groups (with treatment "SGL concept implementation") and control
groups (without treatment "SGL concept implementation") were formed
in each relevant scenario, enabling a direct comparison with regard to the
above-mentioned dependent variables (learning progress, learning motivati-
on, and acceptance). Pre- and post-measurements, and in some scenarios al-
so intermediate measurements, were conducted in order to infer short-term
and medium-term cause-effect relationships and to answer the related re-
search questions, namely to what extent the use of self-directed learning can
lead to an increase in the dependent variables. Roughly summarized, it is
hypothesized that self-directed learning environments have a slight positive
effect on motivation, acceptance of the learning scenarios, and ultimately
on learning progress, in terms of knowledge and skill acquisition. These
effects should be generally recognizable, but especially in comparison to the
groups that did not receive self-direction treatment. These assumptions are
justified by the basic suitability of the learning method for such learning
spaces, which has already been discussed, and, among other things, by the
expected increased satisfaction of the basic need for autonomy from the
SelfDetermination Theory, which can be expected from the design of the
corresponding learning scenarios (Thomas & Miiller, 2011; Deci & Ryan,
1993).

The quantitative data collection through written surveys (questionnaires
with open and closed questions) has now been completed. In two different
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learning scenarios, a total of four modes were fully tested with two student
groups each, cumulatively 130 people. However, most of the analysis of the-
se quantitative data and thus the answers to the research questions are still
pending and are expected in March 2022. Unfortunately, only descriptive
statistics of the progress of learner motivation in the four scenario groups
in the measuring-chamber scenario are currently available. This is not yet
sufficient to answer the research questions and related hypotheses, especially
since there are a lot of other variables to consider in identifying causal
relationships between the treatment and the dependent variables, which
also cannot currently be included. Nevertheless, the given information shall
be utilized here in order to get a first insight into the trends within the
study:

In a comparison of mean values, an increase of 9.9% between the first
and third (last) measurement time points was recorded with regard to their
intrinsic motivation among all participating subjects (n=33). With values
of 3.03 (first measurement), 3.15 (second measurement), and 3.33 (third
measurement), intrinsic motivation (minimum 1.00; maximum 4.00) is at a
relatively high level overall. The development of the groups with selfregula-
tion treatment (plus 9.69%; n=19) and those without (plus 11.6%; n=14) is
very similar in this respect and does not show any major differences. This
already indicates that the hypotheses can probably not be confirmed and
that the selfregulation groups were not able to gain any greater intrinsic
motivational advantages from their learning environments. However, it is
noticeable that the self-regulation groups were able to make increases in this
area above all after completion of the laboratory work phases (time of the
second survey) in the post-processing and report preparation phase (plus
0.22 points/ 7.46% vs. plus 0.16 points/ 4.71% (Group without treatment)),
while the groups without self-regulation treatment made greater gains du-
ring the preparation and laboratory phases (with treatment +2.08%, without
treatment +6.58%). Of course, these are minimal differences that are likely
to have limited significance due to the general survey situation and the
resulting analysis options. They also clearly originate exclusively from the
hands-on lab groups and not from those who used remote access.

A second interesting variable was surveyed in terms of amotivation,
which declined by a total of 16.75%. It is noticeable that the decrease
occurred mainly between the first and second measurements (-20.69%),
i.e. during the preparatory tasks and during the various laboratory phases
(depending on the study group). Afterward, it increased slightly again with
a plus of 4.97% (follow-up work, joint report writing). In relation to the
minimum (1.00) and maximum (4.00), its values (2.03 (I), 1.61 (II) and 1.69
(IIT)) are at a rather low level. The self-control groups were able to benefit
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more here, recording a decrease in amotivation of 19.91%. In contrast, the
other groups show "only" 14.74% less amotivation.

The differences between the various phases described above can be
found in both groups (but to a much greater extent in the control group)
and also in all scenario variations. Thus, for this variable, there are at least
slight indications that the corresponding motivation hypothesis could be
correct. Further and more detailed calculations must follow, though, in
order for us to be able to make serious statements here, because this is not
yet possible with the present calculations.

5 Conclusion & Outlook

In conclusion, it should be noted that the creation of the didactic con-
cept based on the requirements analysis and its continuous improvement
through the inclusion of further literature and the formative evaluation
results worked as previously planned. Accordingly, it was possible to pass on
project-specific design recommendations for implementation to the scenari-
0s.

For various reasons, the implementation of the scenarios could not be
completed, and thus many recommendations and also many suggestions
for improvement that were obtained from the iterative data surveys could
not be considered. Among other things, this was due to a lack of time and
human resources, but also because the scenarios did not have the structure
(time duration, etc.), framework (learning content, learning objectives, etc.),
and extent that it would have taken to implement all the ideas. However, it
was probably not realistic to expect this, which is why this work step was
nevertheless successful in summa summarum in view of the challenges.

Far more problematic were the multi-factorial developments before and
during the data collection phase, which will, unfortunately, have the conse-
quence that the results yet to be calculated will, in all probability, have
an overall low significance. The first factor to be mentioned here is the
small number of probands in some scenarios. This fundamental problem
was intensified by the coronavirus pandemic. In general, the pandemic was
extremely disadvantageous in terms of test person recruitment and survey
planning. This was compounded by the large number of forms of treatment
and variables to be considered in the research project, all of which had to
be accounted for. In combination with mostly small numbers of probands,
it was not possible to plan the survey designs in such a way that the forms
of treatment could be cleanly separated from each other. This will have
to be considered in the analysis. Here, it will also be exciting to calculate
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how strongly self-directed the learners perceived the opportunities in each
scenario to be because this perception is considered crucial for the positive
effects of the learning method investigated (Ferdinand 2007). Accordingly,
in the preliminary stages of the study, it is expected that groups with a hig-
her perception of self-control will perform better on the dependent variables
than those with a low perception.

As mentioned above, the outstanding analyses on self-directed learning
are expected to be available in March 2022. In the next steps, they will be
interpreted in relation to the research questions and hypotheses. If possible,
conclusions will be drawn from them.
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