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Constructive feedback plays a critical role in educational pro-
cesses, with empirical evidence highlighting its substantial influ-
ence on student development and learning outcomes. It enables
learners to recognise both their strengths and areas for improve-
ment, facilitates the formulation of future learning strategies,
and fosters motivation for continued progress. The emergence
of computer-based feedback systems addresses the challenge of
delivering timely, continuous feedback without overburdening
educators. These systems can be tailored to the needs of individ-
ual students, offering significant potential for optimising the
learning experience. The project adressed in this article explores
the development of technology-based feedback for virtual ex-
perimentation in geography using a design-based research ap-
proach, with a particular focus on the first step: the initial formu-
lation of design principles based on literature and interviews. Re-
garding feedback timing, it is determined that learners will re-
ceive immediate feedback during task execution, allowing for
real-time revisions, while delayed feedback is provided at the



end of the experimentation process to guide future scientific en-
deavours. The feedback mechanism is expected to offer promis-
ing opportunities to enhance learning outcomes by promoting
scientific literacy and competency development in geography
education.
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Constructive feedback is a key driver of learning success. It fosters stu-
dents’ individual development, sharpens their understanding of
strengths and weaknesses, and guides subsequent learning processes,
thereby enhancing overall performance (Bangert-Drowns, Kulik, Kulik,
& Morgan, 1991; Hao et al., 2021; Hattie & Timperley, 2007; Hey-Cun-
ningham, Ward, & Miller, 2021; Mertens, Finn, & Lindner, 2022). De-
spite these clear benefits, teachers face significant challenges when
providing feedback. Time constraints and the large number of students
in classrooms make it nearly impossible to regularly deliver detailed
and individualised feedback to each student (Schmidt, Fiene, & Sieg-
mund, 2024). As a result, many students receive only limited or impre-
cise feedback (Steingriibl & Budke, 2024; Voerman, Meijer, Korthagen,
& Simons, 2012), which reduces its instructional value. This underuti-
lisation of feedback contributes to it being one of the most challenging
and unsatisfactory aspects of education (Boud & Molloy, 2013). Tech-
nological advances, particularly in artificial intelligence (Al), offer new
ways to address this gap. Al-powered systems, such as chatbots, can
provide immediate, individualised, and in some cases more detailed
feedback than human instructors (Dai et al., 2023; Kasneci et al., 2023;
Wedenig, Franz, Kaminski, Holzhausen, & Peters, 2023). Yet, their lim-
itations are equally evident: Al feedback is often criticised for lacking
contextual sensitivity, nuanced understanding, and authenticity (Hao
et al.,, 2021; Zhang, Gao, Suraworachet, Nazaretsky, & Cukurova,
2025). A promising solution lies in a technology-based model that com-
bines the scalability and efficiency of technology with the contextual
awareness, emotional intelligence, and motivational impact of human
feedback (Sherafati, Largani, & Amini, 2020). Such an approach can
merge the strengths of both worlds to create feedback processes that
are not only efficient but also pedagogically meaningful.

Within this context, the present dissertation study aims to develop and
validate design principles for a technology-based feedback mechanism
in geography education through the design-based research (DBR) ap-
proach. The feedback mechanism will be embedded within a virtual
geography laboratory available to students from Year 7 and above.
Within this virtual environment, students will be able to conduct ex-
periments focused on understanding the regional impacts of climate
change (Schmidt et al., 2024). This article presents the initial develop-
ment and operationalisation of the design principles prior to iterative
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design cycles. The article begins with a review of the existing research
on feedback, focusing specifically on three models that form the em-
pirical foundation for the derived design principles. Following the de-
scription of the methodological approach, the subject-specific elabo-
ration on feedback timing is presented as a case study, in which the
underlying rationale is discussed and the limitations of the proposed
design principles are examined.

The development of feedback models has been a crucial area of re-
search in educational psychology. Ramaprasad (1983) provided a sem-
inal definition of feedback as “information about the gap between the
actual level and the reference level of a system parameter which is
used to alter the gap in some way” (p. 4). While Ramaprasad’s defini-
tion was rooted in management, behavioural, and social psychology
literature and did not explicitly address educational contexts, subse-
guent scholars including Sadler (1989) extended this definition to the
realm of education. To date, countless feedback models have been de-
veloped that focus on different levels of feedback (Bangert-Drowns et
al.,, 1991; Butler & Winne, 1995; Carless & Boud, 2018; Hattie &
Timperley, 2007; Kulhavy & Stock, 1989; Lipnevich, Berg, & Smith,
2016). These diverse perspectives and conceptualisations contribute
to a comprehensive understanding of feedback models in education,
underscoring their multifaceted nature and their critical role in sup-
porting student learning and development. By examining and evaluat-
ing these diverse feedback models, educators can adapt their ap-
proaches to better meet the specific needs of their classrooms,
thereby enhancing students’ learning experiences. The following sec-
tion provides a short overview of feedback conceptualisations, draw-
ing on the foundational work of Kluger and DeNisi (1996), Narciss and
Huth (2004), and Hattie and Timperley (2007).

Kluger and DeNisi (1996) developed the feedback intervention theory
(FIT) as part of a meta-analysis which tested and partially confirmed
some of its predictions. The analysis revealed mixed effects of feed-
back interventions, with one third negatively impacting performance.
FIT was introduced to explain these varying effects. The FIT combines
assumptions from various social psychological theories, such as con-
trol theory, goal setting theory, and action theory. Based on these the-
ories, Kluger and DeNisi (1996) formulated five central assumptions:
(1) Behaviour is regulated by comparisons of feedback to goals or
standards. (2) Goals or standards are organised hierarchically. (3) At-
tention is limited and therefore only feedback-standard gaps that re-
ceive attention actively participate in behaviour regulation. (4) Atten-
tion is normally directed to a moderate level of the hierarchy. (5) Feed-
back interventions change the focus of attention and therefore affect
behaviour (Kluger & DeNisi, 1996, p. 259). The effectiveness of feed-
back depends on its focus within a hierarchy of attentional levels
(Kluger & DeNisi, 1996). At the lowest level, feedback addresses task-
learning processes, focusing on specific task details. The middle level
targets task motivation, engaging with the task itself. At the highest
level, meta-task processes connect the task to broader self-related
goals. Feedback should primarily focus on the middle level, as shifting



attention to meta-task processes, such as normative comparisons,
praise, or feedback affecting self-esteem, can diminish its positive im-
pact on performance (Kluger & DeNisi, 1996).

Narciss and Huth (2004) introduced a feedback model designed for
multimedia learning in mathematics, emphasising tutoring systems
that adapt feedback to meet students’ needs. The interactive tutoring
feedback model is based on the cybernetic paradigm from systems
theory and represents the interacting processes and factors of the two
feedback loops that can explain a wide variety of feedback. Narciss
(2006) presented three main components that need to be considered
when developing feedback strategies: (1) characteristics of the feed-
back strategy, such as function, content, and presentation, (2) individ-
ual learner factors, such as goals and motivation, and (3) didactic fac-
tors, such as learning objectives and task type. The model integrates
several influencing factors that determine whether and how feedback
from an external source is processed effectively. One essential aspect
of a feedback strategy is its timing, which significantly influences both
learners’ ability to process feedback and their motivation to use it for
improving performance. Feedback can be classified as either immedi-
ate or delayed. In the context of computer-based assessments, ‘imme-
diate’ refers to feedback provided as soon as the learner responds to
an item (van der Kleij, Eggen, Timmers, & Veldkamp, 2012), allowing
learners to promptly identify and correct errors, thereby fostering a
strong link between action and response (Dihoff, Brosvic, & Epstein,
2003). This approach is particularly beneficial for simple tasks or at the
early stages of learning, when motivation and error correction are pri-
orities (Mullet, Butler, Verdin, von Borries, & Marsh, 2014). In contrast,
delayed feedback is presented after a predetermined interval, often
following a reflection period or subsequent learning activities (Demp-
sey & Wager, 1988). This timing encourages deeper cognitive pro-
cessing and supports the development of self-regulation skills, partic-
ularly for complex tasks or in advanced learning phases. Beyond the
timing of feedback, its frequency and the intervals at which it is deliv-
ered are equally critical. Research has shown that frequent and timely
feedback can significantly enhance instructional quality and improve
learner outcomes (Hattie, 2020). Such feedback facilitates continuous
progress monitoring, allowing learners to identify discrepancies be-
tween their current and desired performance levels (Kluger & DeNisi,
1996). However, excessively frequent feedback can inhibit self-regula-
tion and reflective thinking, while feedback delivered at extended in-
tervals risks weakening the connection between actions and re-
sponses. Achieving an optimal balance between frequency and timing
is critical for aligning feedback with learners” cognitive capacities and
ensuring its maximum benefit.

Narciss (2006) further refined feedback strategies by proposing a con-
tent-oriented classification. This framework includes three evaluative
and five elaborated feedback categories. Evaluative feedback focuses
on providing information about the learner's performance or results.
Examples include knowledge of performance (e.g. how well a task was
executed) and knowledge of results (e.g. whether the answer was cor-
rect or incorrect). This type of feedback is often concise and informs
learners of their current status. In contrast, elaborative feedback goes



beyond evaluation by offering detailed information to guide improve-
ment and foster deeper understanding. Examples include knowledge
on task constraints (e.g. specific limitations or rules governing the
task), knowledge about mistakes (e.g. identifying and explaining er-
rors), and knowledge on how to proceed (e.g. providing actionable
steps for further progress). By addressing the underlying processes
and strategies involved in learning, elaborative feedback supports the
development of higher-order thinking skills and promotes self-regula-
tion (Mertens et al., 2022).

Hattie and Timperley (2007) defined feedback as “information pro-
vided by an agent (e.g. teacher, peer, book, parent, self, experience)
regarding aspects of one’s performance or understanding” (p. 81). The
idea of feedback is based on the proposition that it should close the
gap between the current performance and the desired goal, as Rama-
prasad (1983) proposed. To maximise the effectiveness of feedback, it
should answer three questions: (1) Where am | going?, (2) How am |
going there?, and (3) Where to next? Feedback that addresses the
question of Where to next? has the most significant impact on learning
outcomes, yet it remains one of the least frequently implemented
forms of feedback. Notably, when students are asked to define feed-
back, they often highlight feedforward as the most essential compo-
nent they require (Lipnevich & Panadero, 2021). The effectiveness of
feedback in narrowing the discrepancy between learners’ current per-
formance and the targeted goal depends on the level at which the
feedback is given. A distinction is made between the task level (state-
ments about the quality of task completion), the process level (strate-
gies for task completion), the self-regulation level (monitoring and
control of the learning process), and the self level. Feedback at the self
level rarely leads to an improvement in performance (Hattie &
Timperley, 2007). Instead, it draws attention to the self as it does not
provide any specific information on particular performances. Concur-
rently, students are encouraged to reflect on their performance and
independently identify areas for improvement (Hattie & Timperley,
2007).

While feedback concepts have been widely explored in various educa-
tional contexts, their application in geography education remains un-
derdeveloped, presenting challenges in effectively supporting mean-
ingful knowledge construction, skill development, and conceptual un-
derstanding. Despite its recognised importance for effective learning,
feedback practices in geography education lack consistency and struc-
ture (Steingribl & Budke, 2024). For example, pre-service teachers
providing feedback on students” argumentative texts often begin with
positive reinforcement but demonstrate highly variable approaches
shaped by individual preferences rather than standardised principles.
Feedback can offer a promising solution by providing consistent and
structured input that reduces variability and delivers constructive, tar-
geted support for student learning. While existing frameworks, such
as the interactive tutoring feedback model by Narciss and Huth (2004),
have proven effective in mathematics education, feedback strategies
must be adapted to the specific needs of geography education to max-
imise clarity, relevance, and impact. Geography education presents
unique challenges, particularly in experimental learning contexts,



which are less common but highly engaging for students (Hemmer &
Hemmer, 2021). Feedback in this domain must extend beyond out-
come evaluation to encompass the experimental process itself, foster-
ing deeper understanding and skill refinement. This reveals the re-
search gap: the absence of a process-oriented feedback mechanism
tailored to the specific needs of experimentation in geography educa-
tion. Addressing this gap is the overarching aim of this dissertation
study. This paper focuses on demonstrating how the initial design prin-
ciples for such a feedback mechanism can be derived from existing lit-
erature and empirical data. The paper shows this process through the
example of feedback timing as one instance from the dissertation pro-
ject.

The research process comprised a narrative literature review, explor-
atory interviews, and a structured procedure for developing and oper-
ationalising design principles. The literature review provided a contex-
tual foundation, summarising research on feedback with particular at-
tention to its general principles, applications in geography education
and experiential learning, and its role in virtual learning environments.
The main empirical component consisted of ten guided interviews
with German high school teachers (three female and seven male par-
ticipants) to gather insights into practical experiences and attitudes to-
wards experiments, feedback, and virtual learning environments. Par-
ticipation required prior classroom experience with experiments, lim-
iting the sample to teachers of biology, chemistry, or geography. The
interviews served as a primary data source for the initial formulation
of the design principles. The interviews were conducted in German,
transcribed, anonymised, and analysed using qualitative content anal-
ysis (Mayring, 2015) with the support of MAXQDA software. Key
themes and patterns were identified, providing valuable insights into
the practical challenges and opportunities associated with feedback in
experimental and virtual settings. The findings were translated into
English for this article. The integration of these empirical findings with
theoretical insights follows the collaborative approach advocated in
DBR, emphasising the connection between researchers and practition-

ers (DBRC, 2003; Euler, 2014).

A central component of the DBR approach is the formulation of well-
defined design principles. These principles are understood as an over-
arching concept encompassing action-oriented guidelines that can be
articulated at varying levels of abstraction (Euler, 2014). They consti-
tute the conceptual foundation of the research focus (Euler, 2014;
Feulner, 2020) and facilitate the transfer of findings to broader educa-
tional contexts (Feulner, Hiller, & Serwene, 2021). Within the research
process, existing or theoretically derived design principles may be re-
viewed and refined, or new principles may be developed (Euler, 2014;
Lehmann-Wermser & Konrad, 2016). The explicit formulation and sys-



tematic documentation of design principles play a crucial role in en-
suring the traceability and transferability of DBR studies (Feulner et al.,
2021; Hiller, 2018). For the discipline of geography, Feulner et al.
(2021) proposed a three-stage operationalisation. In the first stage,
overarching action guidelines were formulated, often derived directly
from theory and representing either general didactic principles or dis-
cipline-specific content. In the subsequent stages, implementation
principles were elaborated, followed by the specification of target
group-specific details (see Fig. 1). This multi-level operationalisation
ensured both the generalisability of results and the transparency of

Level 1 Level 2 Level 3
Guideline Principles of Implementation Target group specific concretisation of the
Differentiation of general didactic principles on the Lesson-related differentiation of guidelines for implementation principles
basis of theoretical frameworks action, developed using deductive and inductive Lzt izl il el (© (Eige eled s,
methods with design principles informed by didactic-
Guideline ... methodological considerations and previous test
Principle ... -
findings
O e Principle ... Concretisation ...
Guideline ... Principle ... Concretisation ...

instructional development processes (Feulner et al., 2021). These de-
sign principles formed the basis for the subsequent iterative design cy-
cles, the evaluation of which lies beyond the scope of this paper.

Figure 1. Operationalisation level in deriving design principles (based
on Feulner, Hiller, & Serwene, 2021, p. 9)

The feedback mechanism was integrated into a pre-existing virtual la-
boratory designed to engage students in investigating the conse-
guences of regional climate change (Schmidt et al., 2024). This labora-
tory was structured around thematic learning units, such as soil ero-
sion and drought stress, providing an immersive educational experi-
ence. Students began with an introductory session in a virtual seminar
room before progressing to small-group experiments within the virtual
laboratory. Each student operated as a self-configured avatar, foster-
ing interaction with peers in the virtual environment. A pedagogical
agent offered step-by-step guidance and explanations throughout the
process, ensuring that students remained engaged and on task. This
virtual laboratory, intended for students from Year 7 and above, was
explicitly aligned with the geography education standards established
in Germany (DGfG, 2020).

This setup introduced specific design constraints that influenced the
development of design principles. Feedback within the virtual labora-
tory was mediated solely by the pedagogical agent, which provided
guidance and feedback to students during the experimental activities.
The laboratory limited text length, so concise, focused feedback was
required. While these restrictions may seem restrictive at first glance,
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they offered distinct advantages, as they promoted structured and
clear feedback. Short, direct feedback improves readability and com-
prehension, which is critical in a virtual environment (Shute, 2008). Alt-
hough longer feedback may address misconceptions more fully, brev-
ity is consistent with the step-by-step instructional approach of the lab
and supports effective student engagement. The specific experiment
integrating the virtual feedback mechanism focused on the growth of
wheat plants under varying climatic conditions. Using growth cabinets,
students were able to manipulate environmental factors such as tem-
perature, carbon dioxide concentration, and soil type to observe their
effects on plant growth. Throughout the experiment, students en-
gaged in tasks designed to deepen their understanding, such as single-
choice questions prompting them to explain the observed behaviour
of the parameters. Feedback delivered by the pedagogical agent
guided students in reflecting on their findings and refined their exper-
imental techniques.

During the development stage of the design principles process, it be-
came evident that the feedback concepts from the three previously
described models provided a solid empirical foundation. All three
models defined feedback as externally provided information aimed at
reducing the discrepancy between the current state (actual state) and
the desired state (target state). This conceptual understanding of feed-
back provided the foundation for structuring diverse feedback con-
tent. In this context, the content-oriented classification proposed by
Narciss (2006) served as the basis.

Within the framework of the dissertation study three design principles
were developed and subsequently operationalised, following the ap-
proach outlined by Feulner et al. (2021). The categorisation of the de-
sign principle ‘virtual feedback’ was based on functional, content-re-
lated, and formal aspects (Fig. 2, Level 1). The guideline “formal as-
pects” cover the timing, frequency, coding formats and sensory mo-
dalities of virtual feedback (Fig. 2, Level 2). The derivation of the im-
plementation principle ‘feedback timing’ and its target group-specific
concretisations (Fig. 2, Level 3) are explained and discussed individu-
ally before proceeding to the next implementation.



Level 1 Level 2 Level 3

Students receive direct feedback after completing

Functional aspects each task.

Virtual feedback is provided at various Students receive further direct feedback when they
Formal aspects
points during the virtual experiment. complete the task a second time.

Content aspects
Students receive strategic feedback at the end of

the virtual experiment.

Figure 2. Operationalisation of the guideline “formal aspects” as part
of the design principle “virtual feedback’ (grey = additional aspect of
interest, not further detailed; own illustration)

Throughout the virtual experiment, virtual feedback is provided at var-
ious points (Principle 1), allowing the students to continuously monitor
and adjust their performance. The principle is based on the findings of
Kluger and DeNisi (1996) which suggested that providing feedback fre-
quently (effect size of d = 0.55) can significantly enhance performance.
This improvement is largely attributed to the way frequent feedback
helps students gain a clear understanding of the gap between their
current performance and their desired goals. Interviews with teachers
(12, 15, 17) further corroborated this approach by emphasising the im-
portance of providing feedback at different times to address students’
evolving needs throughout the learning process. Through the provi-
sion of regular feedback within the virtual laboratory, it is anticipated
that students will be better equipped to identify areas requiring im-
provement and implement the necessary adjustments to bridge the
performance gap. This ongoing feedback process not only facilitates
the refinement of students’ skills, but also contributes to a more effec-
tive and targeted learning experience, as evidenced by prior research
on computer-based assessments (Mertens et al., 2022; Song & Keller,
2001). As part of the virtual experiment, students were prompted to
answer questions at three distinct points in time. These tasks built di-
rectly on the previous experimental steps and served as formative
checkpoints without disrupting the ongoing process. The feedback on
students’ responses combined summative evaluations with explana-
tions of technical terms, thereby supporting both subject-specific and
general learning objectives. In this way, the feedback checked whether
students were beginning to draw initial conclusions from the experi-
ment while simultaneously providing reassurance and guidance. As
one teacher noted: “The students then take this as an aid, as reassur-
ance: | can explain this to myself with the help of this support.” (I6,
para. 26).

At the beginning of the development process, it became evident that
the timing of the feedback provision significantly influenced the learn-
ing process. Feedback can be given either immediately or with a delay.
In the virtual geography laboratory, the students received immediate



feedback on their responses during the experiment (Level 3, Concreti-
sation 1). This approach helps students identify and correct misunder-
standings, motivates them to acquire knowledge, and boosts their
confidence and motivation (Epstein et al., 2002). In the interview, one
teacher emphasised the importance of direct feedback, highlighting
how it supports students in experiments and stating that this is also
necessary:

The students are not so frustrated if they get direct feedback
and also get feedback if they have made a wrong step and if
they get the opportunity to repeat the whole thing again. |
think this feedback also has to be a bit of a companion. (I8,
para. 34)

Providing immediate feedback allows students to proceed with the
correct response in the experiment or attempt the question again, re-
ceiving guidance each time (Level 3, Concretisation 2). If the response
remains incorrect, they are provided with the correct answer and ex-
planations (knowledge on task constraints, knowledge about mis-
takes), as immediate and specific feedback in analog settings signifi-
cantly enhances learning quality (Truskowski & VanderMolen, 2017).
The goal is to ensure that students learn from their mistakes, and to
foster skill improvement over time. To address common challenges
with analog experiments, several teachers (15, 17, 19) emphasized the
necessity of consistently providing foundational reminders or "re-
member to" prompts and actively directing students’ attention. After
the experiment, students received strategic feedback in the form of
guidelines for scientific work (knowledge on task constraints) (Level 3,
Concretisation 3). This feedforward was designed to support students
in conducting future experiments by proactively providing them with
advice on scientific methodologies. The goal was to facilitate the trans-
fer of knowledge acquired in virtual experiments to real-world settings
and to stimulate interest in active experimentation within geography
classes (Otto & Monter, 2015; Schubert, 2016).

During the initial formulation of the design principles and their con-
cretisation, it became evident that significant overlaps exist, and in-
sights derived from the literature and interviews cannot be confined
to addressing isolated topics. Instead, they must be considered in con-
junction with other design principles. For instance, structuring feed-
back requires careful consideration of its timing (immediate versus de-
layed) and its focus, particularly in a virtual laboratory setting. Re-
search suggests that feedback should primarily target task-related as-
pects rather than personal attributes (Baadte & Kurenbach, 2017;
Bangert-Drowns et al., 1991; Hattie & Timperley, 2007; Shute, 2008).
Task-focused feedback, aligned with content-specific criteria and
standards, is more effective in fostering deeper learning and goal com-
mitment compared to generic, person-related comments such as
"great effort" (Hattie & Timperley, 2007) However, in the context of
virtual laboratories, it may be necessary to complement task-oriented
guidance with motivational elements, particularly for students who
are less familiar with such environments. This need highlights how
multiple considerations can overlap when establishing design princi-
ples. Defining these underlying principles is therefore a complex and



multifaceted challenge that requires careful evaluation of different
perspectives to enable informed decisions. Precisely delineating the
context and distinguishing it from other relevant factors is crucial, as it
ensures that the resulting design principles not only align with the in-
tended objectives but are also coherent and effectively address the
specific requirements of the project.

The specific implementations of feedback timing in the virtual geogra-
phy laboratory ensure that learners receive tailored support at multi-
ple stages of the experimentation process. Immediate feedback during
task execution addresses performance in real time, enabling learners
to revise their actions and correct errors promptly. Delayed feedback
provided upon completion of the laboratory process provides guid-
ance for future scientific work, fosters deeper understanding, and fa-
cilitates the transfer of skills, particularly within the context of geogra-
phy education. The iterative testing of the feedback mechanism eval-
uates the chosen principles for feedback timing alongside additional
implementation guidelines and specifications. Insights gained through
this process are used to refine the design principles continuously, en-
hancing their effectiveness in practical applications.

A reliable foundation for the initial development of the design princi-
ples was established by combining theoretical insights from the litera-
ture with practical perspectives derived from interviews. Predefined
design principles play a pivotal role in structuring and ensuring tracea-
bility within the DBR approach. Their formulation and operationalisa-
tion provide a transparent framework to guide the iterative process
and systematically evaluate its outcomes. The development of effec-
tive design principles for technology-based feedback systems involves
considerable complexity due to the interplay of overlapping consider-
ations. These interconnected elements necessitate a holistic approach
that integrates individual principles into a cohesive framework. This
complexity underscores the importance of continuous refinement to
ensure that the feedback mechanisms not only meet immediate edu-
cational objectives but also foster engagement and competence in sci-
entific enquiry. Developing a structured framework for design princi-
ples has therefore proven essential for maintaining transparency,
adaptability, and consistency in feedback design. Despite the concep-
tual and technical challenges, the development of technology-based
feedback offers significant opportunities to transform educational
practice. Well-designed feedback has the potential to provide pur-
poseful, efficient, and meaningful learning experiences for diverse
groups of students. The integration of virtual experiments into geog-
raphy lessons aligns seamlessly with the subject’s problem-based
teaching approach and strengthens its scientific foundations. Further-
more, by promoting scientific literacy, reflective thinking, and experi-
mental skills, virtual laboratories empower learners to apply their
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knowledge effectively in both digital and real-world contexts. These
systems thus promise to bridge the gap between theoretical
knowledge and practical application, ultimately improving educational
outcomes in the digital age.

The virtual laboratory was developed as part of the project Climate
Education 4.0, supported by funding from the Baden-Wirttemberg
Ministry for the Environment, Climate and Energy Sector.
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Template of “The students then take this as an aid, as reassurance: |
can explain this to myself with the help of this support.” (16, para. 26:
Die Schiiler nehmen das dann als Hilfe, als Beruhigung: Ich kann mir
das mit Hilfe dieser Unterstiitzung selbst erklaren.)

“The students are not so frustrated if they get direct feedback and also
get feedback if they have made a wrong step and if they get the op-
portunity to repeat the whole thing again. | think this feedback also
has to be a bit of a companion.” (18, para. 34: Die Schiiler sind nicht so
frustriert, wenn sie ein direktes Feedback bekommen und auch ein
Feedback bekommen, wenn sie einen Schritt falsch gemacht haben
und wenn sie die Moglichkeit bekommen, das Ganze noch einmal zu
wiederholen. Ich denke, dieses Feedback muss auch ein bisschen ein
Begleiter sein.)
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