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One key training objective of pre-service teachers is to develop their diagnostic 
skills in order to enable them to support their students adequately. This article 
describes the conception and evaluation of the digital learning platform FALEDIA. 
Researchers from different perspectives of mathematics education on the one 
hand and of computer science on the other report on design principles and 
concrete realizations which intend to support the needs of the targeted user 
group. A pre-post-test about diagnostic skills with 695 pre-service teachers from 
two universities provides insights into their gains of knowledge. A questionnaire 
about learning styles was conducted and the pre-service teachers’ interactions 
with the digital learning plattform were tracked to get insights into their usage 
of the FALEDIA plattform. It is shown that pre-service teachers—from first-year 
to experienced—achieved significant performance gains in terms of diagnostic 
skills through the learning platform. With regard to usage, it could be shown that 
the self-assessed learning style has only little effect on usage behavior.
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1 Introduction

It is repeatedly found internationally that a considerable proportion of learners—in 
Germany about 25%—leave primary school with below-average mathematical 
competencies (Mullis et al., 2020). Difficulties in learning mathematics in the secondary 
school forms are expected as a consequence for these children especially. It seems essential 
to professionalize teachers in such a way that they are able to support the children’s learning 
processes in a better way as early as primary school (Hoth et al., 2016; Leuders et al., 2018). 
Enabling future teachers—so called pre-service teachers—to appropriately support 
students has traditionally been considered a key issue in university education (Prediger 
and Selter, 2008).

Teachers must develop diagnostic skills and apply them in their own teaching. This is a 
central task for university teaching. However, there is often a problem, particularly in 
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large-scale courses. While pre-service teachers are made aware of the 
importance of individual support, it is difficult for a single lecturer to 
exemplify this in a university course with sometimes several hundred 
participants. This is because it is challenging to provide individual 
support to all pre-service teachers when they are learning and 
thinking differently.

Digitally prepared learning offers for the teaching at universities 
could provide new impulses and contribute to the professionalization 
of teachers. However, with regard to the training of students who want 
to pursue the profession of primary school teachers in mathematics, 
the availability of subject-related learning platforms seems to 
be limited and should be expanded (Hollebrands et al., 2021). Until 
recently, there has been rarely any digital platform for the training of 
primary mathematics teachers that utilizes the potential of digital 
media—for example, feedback with an adaptive character (Reinhold 
et al., 2020) or linked representations (Lisarelli, 2023).

At this point, the FALEDIA project (ger.: fallbasierte Lernplattform 
zur Steigerung von Diagnosefähigkeiten; eng.: case-based learning 
platform to increase diagnostic skills)1 ties in. The FALEDIA learning 
platform aims to improve the diagnostic skills of prospective teachers 
by linking subject-specific and didactic knowledge with digitally 
implemented case-based learning situations. In this way, digital 
learning opportunities are available to increase diagnostic skills for 
various central arithmetic topics in a subject-specific manner.

The aim of this article is to describe the conceptual design of the 
FALEDIA learning platform and to present empirical findings related 
to pre-service teachers’ performance in the area of diagnostic skills 
before and after using the digital learning platform as well as 
pre-service teachers’ usage behavior. To this end, the article is 
structured as follows: section 2 first provides the theoretical 
background relevant to the design of the platform while section 3 
reveals the design process. Section 4 deals with the conceptual design 
of the learning platform by presenting design principles from a 
computer science and mathematics education perspective as well as 
their concrete realization. Section 5 provides empirical findings on the 
evaluation of the concept by describing empirically recorded 
diagnostic skills of pre-service teachers and their usage of the 
platform. Finally, the article closes with a conclusion and outlook.

2 Theoretical background

In this section, the theoretical background to the conceptual 
design of the learning platform is presented by addressing the most 
relevant research. Section 2.1 deals with learning with learning 
platforms in university education, followed by section 2.2, which 
addresses the area of diagnostic skills.

2.1 Learning with learning platforms for 
teacher education

Learning Management Systems (LMS) such as Moodle or ILIAS 
are currently the central point of contact in the training of (pre-service) 

1 https://faledia.de

teachers, especially for accessing the materials provided for a 
particular course. This type of learning platform usage is an important 
part of university teacher training, as learning materials can be made 
available as files and collaboration can be coordinated (Lwande et al., 
2021; Nagy, 2016). At the same time, however, LMS offer rather 
limited opportunities for subject-specific professionalization. For 
example, LMS provide only limited feedback with an adaptive and 
subject-related character. Furthermore, usage data can hardly 
be  collected for research purposes. In many cases—including 
FALEDIA—these points lead to the decision to develop an own digital 
learning platform that is not based on a LMS and does not mainly 
emphasize organizational aspects but is intended for the training and 
research of professional subject-specific competencies. Key research 
findings on projects that have this focus are summarized below:

 • In a quasi-experimental study, Enenkiel et al. (2022) investigated 
whether the video-based learning environment ViviAn can 
be  suitable for promoting diagnostic skills of pre-service 
secondary school teachers. The pre-service teachers were 
presented with videotaped classroom situations, after which they 
were asked to assess students’ competencies. Compared to the 
control group, a significant learning development of the 
pre-service teachers could be  identified in relation to their 
diagnostic skills.

 • In addition, Wildgans-Lang et al. (2020) study of pre-service 
elementary school teachers suggests that documents of ‘virtual 
third graders’ embedded in a learning platform were perceived 
as authentic by the participants.

 • This finding can also be supported by the study of Codreanu et al. 
(2020), which shows that learning platforms, if designed 
appropriately, can be helpful in diagnosing learners’ current levels 
of knowledge and highlighting learning potentials.

Learning platforms can thus be a tool that is seen as authentic by 
pre-service teachers and can potentially be used for the promotion of 
diagnostic skills. However, it seems to depend on the concrete design 
of the learning platforms to actually achieve this. In terms of the 
concrete design of web-based learning platforms, a broad distinction 
can be made between two variants, which differ primarily in terms of 
the activity of the users:

 • Worked-examples (WE): Well-structured examples are presented, 
whereby the users mostly perceive the content receptively and 
not so actively (Garces et al., 2023). Renkl (2017) was able to 
show that worked-examples can also have a positive effect on the 
learning of mathematical concepts, especially in the introductory 
phase of studies.

 • Problem-based learning (PBL): The users are encouraged to 
be active on their own, for example, through work assignments. 
The assignments are processed on the learning platform, which 
also provides the learners with individual feedback for 
constructive further work, e.g., through intelligent tutoring 
systems (Hursen, 2019; Koedinger et al., 1997, Booth et al., 2013).

Both approaches offer learning opportunities for (pre-service) 
teacher training. However, recent work integrates WE and PBL and 
could demonstrate promising performance developments (Neubrand 
et al., 2016; Loibl et al., 2017)—for larger cohorts as well (Booth et al., 
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2013; Saatz and Kienle, 2013). This aspect is also reflected in 
metareviews in the setting of technology-based learning (Bond 
et al., 2018).

Largely unexplored remain the questions, if rather WE or PBL 
have greater learning effects on different kinds of subjects of the 
teacher training curriculum for mathematics education in primary 
school, to what extent WE  or PBL are subjectively perceived by 
pre-service teachers as conducive to learning, and how WE and PBL 
can be meaningfully related to each other when dealing with different 
domains. These questions will be addressed later (see section 4.3).

2.2 Learning of diagnostic skills of 
(pre-service) teachers

Major international comparative studies such as PISA or TIMSS 
have highlighted the need for individual support as one of the central 
responsibilities of schools (Mullis et al., 2020; OECD, 2019). However, 
to be able to support children adequately according to their individual 
needs, it is a necessary prerequisite that teachers are able to diagnose 
the knowledge, problems and ideas—summarized learning levels—of 
their students. Therefore, it is a common demand that (pre-service) 
teachers build up diagnostic skills already in pre-service teacher 
education (Loibl et  al., 2020; Selter et  al., 2017; Wagner and 
Ehlert, 2019).

Diagnostic activities are widely summarized as “all information 
that provides information about students’ learning opportunities, 
learning status, learning processes, and learning outcomes” (Steffens 
and Höfer, 2013, p. 24). Following this, in order to support learners, 
teachers need to be aware of children’s individual ways of thinking and 
learning levels (Hattie, 2009). However, research has shown that 
teachers are often able to predict which tasks are particularly difficult 
for children: It is also difficult for them to analyze why a particular 
task potentially causes difficulties for students. Additionally, 
(pre-service) teachers have difficulties identifying typical challenges 
to learning and misconceptions or describing mistakes in a student’s 
solution as well as finding reasons for these mistakes (Blömeke et al., 
2014; Brunner et al., 2021; Carpenter et al., 1988; Hoth et al., 2016; 
Tirosh, 2000). Moreover, (pre-service) teachers sometimes select 
fostering tasks which are not matching the diagnosed difficulties 
(Barnhart and van Es, 2015; Schulz, 2014). Teachers therefore need 
well-trained skills in the area of diagnosis, which resembles a lifelong 
learning process. These skills are indispensable so that, on the one 
hand diagnoses can be carried out adequately and on the other hand 
appropriate consequences can be derived from them (Schiefele et al., 
2019, p. 130). This poses significant challenges for teachers since the 
complexity and variety can hardly be  thoroughly covered within 
pre-service teacher education and must therefore be addressed in 
teacher education.

The usage of cases is a sensible and frequently applied method for 
this, as they “can be used as prototypes to develop essential knowledge” 
(Doyle, 1990, p.  14). A case is considered a descriptive research 
document based on a real-life situation, problem or incident (Merseth, 
1990, p. 54). Different types of cases such as videos, transcripts, audio 
files or written documents can be  used. Casework has received 
increasing attention in pre-service teacher training since the 1980s 
(Sato and Rogers, 2010). The long tradition of cases in teacher 
education can be attributed to several advantages of cases:

“Cases and case methods offer a particularly promising possibility 
for teacher educators, teacher education programs, and those who 
wish to understand more deeply the human endeavor called 
teaching” (Merseth, 1990, p. 722).

One of these frequently mentioned reasons—among numerous 
others—for using cases in teacher education and training is the 
bridging between theory and practice (Doyle, 1990; Helleve et al., 
2023; Sato and Rogers, 2010). Therefore, “cases have an essential role 
in teacher education as pedagogical tools for helping teachers practice 
the basic professional processes of analysis, problem-solving, and 
decision-making” (Doyle, 1990, p. 10). Practicing with cases enables 
the (pre-service) teachers to establish the relationship between the 
general and the specific in the used cases, realize several different ways 
to interpret one situation and offers the time for multiple perceptions 
of a situation—without immediate pressure to act (Hebenstreit et al., 
2016; Helleve et al., 2023; Krammer et al., 2012).

Diagnostic skills, which are often acquired through practical 
teaching experience in traditional university teacher training 
programs, can be promoted through targeted case-based learning in 
the initial phase of teacher training (Prediger, 2010). These skills can 
also be applied in large-scale course settings. The detailed analysis of 
cases in form of vignettes deepens the understanding of complex 
teaching and learning situations and lays the foundation for reflective 
and practice-oriented teaching (Brandt, 2022).

Since diagnostic skills are topic-specific (Schulz, 2014), they 
should be built up using authentic examples from the respective topic. 
In the FALEDIA learning platform, case work is used to enable 
(pre-service) teachers to deal with student documents and to learn 
diagnostic skills on the basis of these documents, depending on a 
specific mathematical topic in primary education. The extent to which 
domain-specific casework in a digital implementation as a learning 
platform with individualized feedback in university teacher training 
can contribute to increasing the diagnostic skills of pre-service 
teachers has not yet been sufficiently researched and is therefore 
covered by the evaluation (see section 5).

3 The human-centered design process 
to develop the learning platform

After describing the background relevant to the development of 
the learning platform, the design process for developing the learning 
platform is presented below. It was iteratively developed as an 
interactive (web based) system within a multidisciplinary team. For 
the system to be most beneficial for its users—which is a common goal 
for interactive systems—it must be developed with the users’ needs 
and expectations in mind and likewise be based on current knowledge 
of human factors and ergonomics. To reach that goal there is a 
standardized process model (International Organization for 
Standardization, 2019) called the human-centered design (HCD) for 
interactive systems. Using a human-centered approach while designing 
learning solutions is widely established (Biabdillah et al., 2021; Chaves 
and Bittencourt, 2018; Zaharias and Poulymenakou, 2005) so 
we consider it an appropriate instrument for the target audience of 
pre-service mathematics teachers. In the following section the HCD 
is presented in detail and how it was implemented in the project. The 
process is divided into five phases (see Figure 1).
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Following these phases, the presented project was realized. It is 
essential to consider all phases to ensure the success of the project—
bearing in mind that both disciplines (mathematics education as well 
as computer science) had different perspectives and requirements. The 
phases in the diagram are described in detail in the following:

3.1 Plan the human-centered design 
process

To enable the HCD it was necessary to plan regular meetings to 
ensure collaboration between the project partners. Therefore, all 
project partners met to exchange ideas and to discuss the project 
progress biweekly. In addition, several smaller and more focused 
meetings were established to develop and refine the discussed ideas.

3.2 Understand and specify the context of 
use

To understand and specify the context of use it is necessary to 
identify stakeholders, learn about specific characteristics and goals, 
and the environment in which the solution will most likely be used. 
The context of use was specified based on the experience the project 
partner in mathematics education have in regard of teaching courses 
in the relevant topics (here: diagnostic skills). While teaching those 
courses, an active exchange with the targeted audience is necessary 

and therefore a broad understanding of the difficulties and needs of 
the targeted audience was available.

3.3 Specify the user requirements

Based on the context of use the user requirements need to 
be specified. This was accomplished in this project by using personas 
(Cooper, 1999), a method to abstract specific characteristics of the 
targeted audience into fake persons to help the design team to 
understand and consider their needs and requirements. Examples of 
user requirements include the creation of self-directed learning 
opportunities or the combination of worked examples and problem-
based learning.

3.4 Produce design solutions

All the previous work was considered to produce the design 
solutions. During development, it was important to maintain a 
constant exchange with all the stakeholders within the project team 
and to work iteratively on the design solutions in order to implement 
it in the best possible way and meet the specified user requirements. 
In this project, a mixture of paper prototypes (Snyder, 2003) and 
mockups of user interfaces was used to produce design solutions, 
which allows testing without software implementation. Each artifact 
was discussed with all stakeholders.

FIGURE 1

Human-centered design process based on International Organization for Standardization (2019).
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3.5 Evaluate the designs

Another important aspect is the evaluation of the design solutions. 
On the one hand evaluations with the targeted audience were 
conducted (see section 5). On the other hand, experts from six 
different universities and five government institutes with different 
backgrounds were consulted in order to receive multifaceted feedback 
to improve the design solutions.

Overall, the HCD is iterative. Each activity must be completed 
at least once, but each activity can be repeated several times when 
appropriate and it is possible to move from one activity to the next. 
In our case all phases were completed at least once and the phases 
specify the user requirements, produce design solutions, and evaluate 
the designs were repeated one time. It was necessary to repeat these 
phases because the first iteration did not fully meet the user 
requirements which uncovered during evaluation. One example is 
the input of free text, which has proven to be more complex on the 
technical side. On the other hand, the activity called paths (see 
Figure  2) was initially planned to be  much more technically 
sophisticated than was necessary in the actual application. The 
division into modules was also developed in an iterative process. In 
general, the design team should do this for as long as necessary to 
produce design solutions that meets the user requirements. If the 
design solutions meet the user requirements the process is 
completed. This is usually checked by means of user evaluations 
and experts.

4 Conceptual design of the learning 
platform

On the basis of the theoretical background, design principles are 
derived from a computer science and mathematics education 
perspective. Subsequently, the implementation of the principles is 
reported in the context of the presentation of the learning platform.

4.1 Design principles from a computer 
science perspective

When developing new interactive systems, it is common to build 
on the principles of how such systems should be designed in order to 
be suitable to users. Several principles need to be considered. The 
so-called eight golden rules of interface design by Shneiderman et al. 
(2017) are a widely accepted set of rules to improve the way interfaces 
are designed. In addition to Norman (2013) formulated seven design 
principles to ensure a sufficient human-centered design. The 
minimization of the cognitive load is essential in order to improve the 
chance for learning. Therefore, the insights of the cognitive load theory 
by Sweller et al. (2011) and Mayer’s Cognitive Theory of Multimedia 
Learning (CTML) (e.g., Mayer, 2005, 2017) were considered. Below, 
the most relevant principles (in short P) regarding the research 
questions (see section 5) are described:

4.1.1 P1 strive for consistency
In order to reduce the cognitive load and avoid possible irritations, 

it is advisable to ensure a high degree of consistency in the 
implementation (Shneiderman et al., 2017). This applies to the areas 

of structure, design, and usage. For example, on the learning platform 
the elements to stimulate exploration (see section 4.3) are an essential 
part in the project and are used at several places—with changing 
content but similar interaction. After learning how to interact with the 
elements users are able to focus on the content presented and the 
chances for learning are therefore improved.

4.1.2 P2 reduce short-term memory load
In the area of cognitive load, short-term memory load plays an 

important role. The less that needs to be retained in short-term 
memory, the better to improve chances for learning (Shneiderman 
et al., 2017). This aspect is also emphasized in the CTML, which 
points out, among other things, the need to consider the modality 
principle, the coherence principle and the contiguity principle. On 
the learning platform, when implementing the elements to stimulate 
exploration, attention was paid to making all necessary information 
accessible and visible on one screen to reduce the short-term 
memory load.

4.1.3 P3 discoverability
To be able to use the learning platform, it is necessary that the user 

can discover the possibilities of interaction (Norman, 2013). In 
relation to the learning platform in the case of elements to stimulate 
exploration it was ensured to highlight actionable items to help the 
user identify those and therefore be able to take action.

4.1.4 P4 conceptual model
On the learning platform, the different topics were divided into 

modules to enable the user to construct a conceptual model, which 
leads to understanding and a feeling of control (Norman, 2013). The 
structure remains consistent for each module. A unified navigation is 
realized as well as a specific navigation for the content within. The user 
selects an intended content and engages with it at their own pace. 
After finishing the first module the user should have a conceptual 
model that enables them to focus on the content while working with 
the next modules, which reduces the cognitive load and therefore 
improves the chances for learning.

4.2 Design principles from a mathematics 
education perspective

After the design principles have been examined from a computer 
science perspective, a mathematics education perspective will now 
follow. It will be described what a (virtual) learning environment is, 
which criteria usually are applied in mathematics education when 
designing learning environments, and finally how these criteria are 
implemented on the learning platform.

In school contexts, the term “learning environment” can be used 
in very different ways, ranging from the idea of creating an atmosphere 
conducive to learning in the classroom to the subject-specific design 
of teaching-learning settings (Hannafin, 1995). With regard to the 
latter, the concept of Reinmann and Mandl (2006) is often applied, 
who understand a learning environment as an overall arrangement 
that supports learners in their learning processes.

Certainly, the above understanding of the term is very general—
the question of how such an overarching arrangement should 
be designed remains unclear. Wollring (2008) describes six central 
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guiding ideas for this, which he originally established with regard to 
mathematics learning in primary school. However, they can also 
be  applied to the university level and be  used as criteria in the 

evaluation of virtual learning environments (Roth, 2022). Below, the 
criteria (in short C) are outlined and it is described how they were 
considered in FALEDIA.

FIGURE 2

Element to stimulate exploration: paths (A: Instruction and children case to work with; B: selection of two diagnostic tasks; C: children solution of 
selected diagnostic tasks; D: selection of a fostering task with corresponding feedback).
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4.2.1 C1 subject matter and meaning
Learning environments should have a mathematical subject 

matter that is ‘meaningful’ to and valued by the respective learners. 
The learning platform addresses core contents of primary school 
mathematics, such as operation and place value understanding, which 
every teacher will be  confronted with in their daily work. In this 
respect, coherence of the contents on the learning platform with the 
later profession as a teacher is established.

4.2.2 C2 articulation, communication, social 
organization

Learning environments should allow multiple ways of working 
and articulating, as well as being able to retain individual or 
cooperatively generated learning products in a non-volatile way. This 
can be realized by spaces for designing (areas in which mathematical 
representations can be used flexibly) and for retaining (documentation 
function). This criterion is particularly fulfilled on the learning 
platform by the exploration elements, especially since they include 
areas that can be  used flexibly in the learning process. The 
documentation function is fulfilled on the learning platform through 
the so-called state logging. The users log in to the platform with 
accounts created specifically by each person. The respective processing 
status is saved after logging out and is retrieved after logging in again.

4.2.3 C3 differentiate
Learning environments should offer the possibility to meet 

different learning requirements of learners and thus to differentiate. 
This criterion is fulfilled on the learning platform especially by the 
feedback functions with adaptive character. The processing of the 
digital elements is followed by subject-related feedback adapted to the 
respective input of the user, which encourages constructive further 
work. In addition, users can optionally call up further information 
through collapsible content. Furthermore, the learning platform 
provides user-friendly navigation to view content from the 
background knowledge section and/or content from the “Diagnosis 
and Fostering” section that is individually regarded as being of interest.

4.2.4 C4 logistics
The concern of the criterion “logistics” is that the contents 

addressed in the learning environments should be assessed as feasible 
in the respective educational field. Accordingly, concepts that are out 
of the ordinary do not fulfill this criterion. In relation to the developed 
learning platform, the contents should therefore be designed in such 
a way that they can easily be  embedded in existing university 
structures. Since the contents addressed on the learning platform 
represent common learning subjects at universities with teacher 
training programs and are at the same time prescribed by educational 
policy, this criterion can be regarded as fulfilled on the content level. 
Furthermore, the learning platform can be  embedded in existing 
course structures at different universities with moderate effort, as 
already demonstrated in the course of the project by a 
university transfer.

4.2.5 C5 evaluation
Learning environments should be evaluable on several levels with 

adequate effort. A positive evaluation can be considered as given if the 
learning success of the users is evidenced. In the accompanying 
research of the FALEDIA project it was proven that learners from 

different universities can significantly increase their diagnostic skills 
with the platform (see section 5).

4.2.6 C6 interconnection to other learning 
environments

Although learning environments usually address a specific 
mathematical subject, they should not be isolated. Rather, in the sense 
of relationship-based mathematics, they should also be designed in 
relation to several different mathematical objects, forms of 
representation, or patterns of argumentation. The learning platform 
addresses this criterion by connecting the presented contents to each 
other. For example, it can be helpful to use the learning content on the 
topic of understanding operations when working on the topic of place 
value understanding, since an understanding of multi-digit numbers 
is always required when calculating in the four basic 
arithmetic operations.

4.3 Realization on the learning platform

4.3.1 Module structure
The learning platform’s content is divided into modules, each 

addressing a selected topic of the primary school pupils’ mathematics 
learning trajectories (Clements and Sarama, 2019). This module 
structure supports user interaction and clarifies the structure. While 
developing the module structure the principles mentioned in 4.1 and 
4.2 have been considered. Every module is structured equally (P1), 
and the different topics within a module are separated on specific 
pages (P2, P4).

Every module has a start page to inform the user about the content 
of the upcoming pages, a short motivation why exactly this content is 
discussed, and an overview over this module’s structure. The next page 
introduces the background knowledge that is needed to proceed in the 
module. This page acts as an outline for the background knowledge 
content that will follow, and an extended motivation is given why the 
discussed topics are necessary for the targeted audience.

On the following page, the content of the background knowledge, 
for example in the module place value understanding (C1), is divided 
into three parts (here: Bundling and unbundling, Place value and 
numerical value, Linking representations). However, depending on 
the thematic focus, there can also be any number of pages. By dividing 
the background knowledge into smaller pieces, it can be perceived 
more easily by the users and embedded in existing university course 
structures at different universities (C4). The theoretical background 
provided serves as the basis for being able to work on the following 
pages, which focus on practicing diagnosis and fostering, since well-
founded mathematical knowledge is considered a prerequisite to 
interpret cases appropriately.

The next pages serve as the transition into the diagnosis and 
fostering area. A short description is given which facets of the 
background knowledge were discussed and which topics concerning 
diagnosis and fostering will follow (P2).

The diagnosis and fostering content is combined on one page. 
Based on the provided background knowledge the users are asked to 
interpret cases in order to enhance their diagnosis and fostering skills.

Every module ends with a competency list that contains 
competencies that are important in regard of the topics discussed in 
this module. The user has the possibility to rate their own knowledge 
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based on the different competencies on a scale of one to four from 
insecure to confident and write a comment that is saved for possible 
later usage. By using these competence lists, prospective teachers can 
become aware of the topics in which they can still improve 
themselves—and in which they subjectively feel confident 
(Gutscher, 2018).

4.3.2 Balancing worked-examples and 
problem-based learning

As previously stated, both WE  and PBL provide learning 
opportunities. Nevertheless, the relative merits and drawbacks of both 
concepts have been and continue to be  a matter of considerable 
debate. Kirschner et al. (2006) have expressed reservations about PBL, 
citing a lack of sufficient guidance for users as a potential drawback. 
Hmelo-Silver et  al. (2007) contend that PBL does not inherently 
require excessive guidance. Rather, the degree of guidance provided 
depends on the specific implementation. To achieve an optimal 
balance between user engagement and the presentation of structured 
examples, it may be beneficial to integrate WE and PBL. The existing 
body of research on learning platforms for the training of prospective 
primary school mathematics teachers has yet to demonstrate how a 
coordinated balance of WE and PBL can be designed.

A pilot study was conducted in order to obtain answers to the 
question of balancing WE  and PBL. Individual interviews with 
prospective teachers, who had used two different variants of the 
learning platform (either solely WE or solely PBL) for two subjects of 
different complexity (place value understanding or operation 
understanding), were conducted and analyzed quantitatively. As part 
of the research, 21 prospective teachers were asked to express their 
individual preferences regarding the design of the platform in the 
subject areas. The interview data provides information on how to 
balance WE and PBL in a target-oriented manner for different topics 
of learning. The results are documented in detail in Böttcher et al. 
(2022). Here, only four essential findings are summarized, which were 
implemented into the design of the final version.

 • Initial contact with new content as WE, deepening as PBL: 
According to the assessment of the prospective teachers, content 
that is unknown to them should first be prepared as a WE in 
order to support an introduction to the content. On the other 
hand, the prospective teachers argued that topics they were 
familiar with should be presented as PBLs in order to deepen and 
secure their existing knowledge.

 • Complex content as WE, less complex content as PBL: The same 
situation applies to the question of how to deal with complex or 
less complex topics. Here, the data indicate that less complex 
content can certainly be connected with self-activities as PBL, 
while learning subjects classified as difficult should rather 
correspond to the design of WE.

 • Getting an overview and refresher on WE: WE are perceived as 
helpful by prospective teachers especially when they are used 
with content that has an interwoven system (e.g., characterizing 
the different basic ideas in the topic of understanding operations). 
This also applies to those prospective teachers who should 
already know the content but would like to refresh 
their knowledge.

 • Importance of PBL in diagnostic skills activities: The prospective 
teachers voted in unison for those activities to be set up as PBL, 

in which, for example, student errors had to be analyzed and 
support tasks had to be selected appropriately. They justified this 
with the fact that exactly these activities represent typical 
everyday activities for teachers in the classroom and that 
preparation for this should already take place accordingly during 
the university course.

The findings that students prefer instructions for complex content 
go along with the position of Kirschner et al. (2006). They state that 
new topics in particular, and those that are too complex to work out 
for yourself, can be  introduced particularly well via explanations. 
However, there are findings by Wittwer and Renkl (2008) which 
indicate that explanatory interventions may be  perceived as 
superfluous by learners who possess a substantial foundation of prior 
knowledge in the given domain.

This survey results indicating a student preference for PBL in 
diagnostic content—specifically, practical applications—should 
be interpreted as a target group-specific finding, for which, to the best of 
our knowledge, there are no further findings in the literature to date that 
have investigated this question precisely, yet.

The results were taken into account in the implementation of the 
final version of the learning platform, which contains both PBL and 
WE elements.

4.3.3 Elements to stimulate exploration
A core part of the project was the design and implementation of 

elements to stimulate exploration (C2) to enable self-directed learning. 
Their goal is to make the content accessible to the user in order to 
enhance conceptual understanding and its application. In total five 
distinguishable elements were created. The challenge was to create 
elements that are on the one hand meaningful for the targeted audience 
(C1) and on the other hand operational in terms of usability.

4.3.4 Element to stimulate exploration: groups
The basic idea behind this element is to find similar items in different 

representation forms and to divide them into groups (C6). Figure 3 
shows groups with content from the diagnosis and fostering area. The 
assigned task is to check the 12 children documents (given cases) and to 
look for similarities regarding mistakes. Three cases belong to each group 
and the goal is to find the related documents and assign them into one 
group. The current progress in Figure 2 is that three cases are assigned to 
one group. The user checked this constellation and received positive 
feedback that the assignment was correct and a label is provided as a 
groups’ name. To complete the task the other cases must be assigned to 
the remaining—here still empty—groups.

The user is able to check, at any time, if the constructed groups 
contain items that belong together. After the check is performed, 
customized feedback is given based on the user’s classification of items. 
For example, if it is necessary to find three items but only two out of three 
belong together, and a check is requested, the system gives feedback that 
two items belong together, but one item is different. To enrich this 
feedback for the user it will mention to which kind of groups the items 
belong, but not exactly which item belongs to which group. The feedback 
is therefore based on the relationship between items inside an 
assigned group.

Groups can be setup in two modes, whether the group names should 
be hidden or displayed. When authoring the specific example this design 
decision has to be made by the author. If the group names are hidden 
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items that belong together can be placed in any available group and the 
corresponding group name will be revealed with an additional success 
message if the check was successful.

Regarding the freedom of interaction (C3), the user has an extensive 
amount of possibilities to interact in this task. Because the user can check 
the assigned items at any time and the given feedback is based on the 
relationship between the items inside the group a lot of unique 
combinations can occur. For example, there are 12 items to choose from 
and always three items belong to one group. Now, if it was possible to 
receive feedback after one item is assigned to a group up until all 12 items 
are assigned, there would be 255 unique feedback combinations. While 
the technical implementation is capable of handling all feedback 
combinations, it is appropriate to reduce this number in order to 
minimize the associated work for creating the feedback and as well as to 
concentrate on the feedback that is meaningful for the user. In this 
particular case, a constraint is added that feedback is only given when at 
least three elements are assigned. A benefit associated with this constraint 
is to prevent the check of random combination to force the solution. This 
reduced the unique combinations to 241. Then, the feedback was 
constrained to appear only when exactly three items are assigned. This 
results in a total of 20 meaningful feedback messages: Four messages if 
all items belong to the correct group, 12 messages if two items belong to 
the correct group but one item is from a different group, and four 
messages if all items are from different groups. In addition to that two 

generic messages are added, one when no item is assigned and one when 
more than three items are assigned resulting in 22 feedback messages. In 
summary, the given feedback is limited depending on the minimum and 
maximum number of items in a group. Using these limitations, it was 
feasible to realize meaningful feedback for the user.

4.3.5 Element to stimulate exploration: paths
The basic idea behind paths is to practice the selection of appropriate 

diagnosis and fostering tasks based on a children’s document. Figure 2 
shows paths with content from the diagnosis and fostering area.

Users are asked to analyze a case and make assumptions about 
the possible mistake (A). Based on the assumption the users have to 
choose two diagnosis tasks (out of four) they would let the child solve 
to gain more insight (B). After the two diagnosis tasks are chosen the 
users see the children’s solutions (C). Now the users are asked to 
choose one (out of four) fostering tasks they would let the child solve 
to resolve possible issues of understanding. Finally, the users receive 
feedback on how well suited the fostering task was considering the 
two selected diagnosis tasks and the corresponding children’s solution 
(D). This feedback approach is unique because it does not evaluate if 
the selection is right or wrong, which is generally difficult to achieve 
in the area of diagnosis and fostering, it describes whether the 
selected fostering task was appropriate for the children’s solution of 
the diagnosis tasks.

FIGURE 3

Element to stimulate exploration: groups [screenshot of the learning platform (left) with additional explanation of the relevant areas (right)].
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Regarding the freedom of interaction (C3), the user has a 
considerable number of possibilities to interact in this task. The user is 
able to choose any two tasks, but the number of tasks is limited to four. 
The combination of two out of four diagnosis tasks and one additional 
fostering task (out of four) results in 24 unique feedback messages. The 
design of this element reflects the tight connection between diagnosis 
and fostering.

4.3.6 Element to stimulate exploration: slider
The idea of slider is to visualize a process and let the user make 

decisions on the next step on several decision points. For example, the 
user has to select how an iconic representation will be displayed in the 
place value chart after adding and bundling further counters for number 
representation in various place value systems, for example in base 5 (see 
Figure 4). Depending on which of the three answer options is selected, 
the user receives specific feedback and, if the answer is incorrect, is given 
the opportunity to select another option.

The other two elements to stimulate exploration available on 
FALEDIA are only presented in outline form for reasons of limited space:

4.3.7 Element to stimulate exploration: order
While interacting with order the user should arrange a set of items 

(i.e., four numbers from different place value systems) on a scale.

4.3.8 Element to stimulate exploration: stamping
Stamping is a multilevel quiz based on a case. The purpose of the 

example is to analyze a case where a child consistently makes the same 
mistake, and then to indicate how the child is likely to complete the final 
task. It is necessary to answer all questions assigned to one level correctly 
to unlock the next level. The knowledge needed for the next level is based 
upon the previous level.

5 Evaluation of the concept

After the conceptual design of the digital learning platform has been 
presented in the previous parts of this paper, the evaluation of the 
concept will now follow. For this purpose, design decisions of the 
conducted study are revealed first, before the evaluation results 
are presented.

5.1 Study design

The learning platform was developed with the aim of contributing 
to the enhancement of diagnostic skills. In order to be able to explain 
possible learning effects, the way pre-service teachers use the platform is 
also of interest from the perspective of platform designers: The design of 
a learning platform can be tailored to specific design principles, such as 
navigational structure, with effects on usage and cognitive load on the 
learners. Depending on different learning styles (see below in section 5.2. 
for more details of our chosen learning style model), the effect of the 
design choices can influence system use and potentially also learning 
effects. Therefore, two research questions were posed as part of the study:

 • RQ 1: Which diagnostic skills do pre-service teachers show 
before and after using the digital learning platform?

 • RQ 2: How does the usage behavior on the digital learning 
platform of pre-service teachers differ based on the self-disclosed 
learning style?

The research questions primarily focus on examining indications 
of the learning platform’s effectiveness in terms of its potential to 
enhance diagnostic skills across various locations and different phases 

FIGURE 4

Element to stimulate exploration: slider (screenshot of the learning platform).
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of the degree program. It is important to note that this study does not 
claim to demonstrate that the platform is more effective in developing 
diagnostic skills than other interventions. Furthermore, the study 
acknowledges that factors beyond pre-existing knowledge may 
contribute to the development of diagnostic abilities. A direct 
comparison of target groups from different universities is explicitly 
not intended, as the prerequisites and types of prior knowledge vary 
significantly between institutions and therefore cannot be directly 
compared. The study aims to evaluate potential indicators of the 
platform’s overall effectiveness rather than compare outcomes between 
specific institutions or student groups or assert superiority over 
further educational approaches.

In order to answer the research questions, the digital learning 
platform was used in the winter semester of 2021/2022  in three 
obligatory university courses at two universities in Germany (TU 
Dortmund University and University of Münster) as part of teacher 
training in mathematics education for primary schools. The courses 
differ in particular with regard to their positioning in the program 
of study:

 1 “Learning and applying arithmetic”: A course for first-semester 
students (Bachelor’s program) at the University of Münster, 
attended by 338 pre-service teachers.

 2 “Basic Ideas of Mathematics Education”: A course for 306 
pre-service teachers in the Bachelor’s program at the TU 
Dortmund University in the third or fifth semester.

 3 “Mathematical Kaleidoscope”: A course for pre-service teachers 
in the Master’s program at the University of Münster in which 
51 students participated.

The sample thus comprises a total of 695 pre-service teachers. The 
learning platform was used in the courses listed above to gain insights 
into the extent to which the learning platform impacts on the 
diagnostic skills of pre-service teachers at different settings and time 
points in the course of their studies.

In the absence of an appropriate instrument for measuring 
diagnostic skills with regard to place value understanding, a new and 
piloted instrument—a written test—was developed to fill this gap. 
Participation was anonymous, so that no demographic data of the 
participants can be provided. All pre-service teachers were obligated 
to participate in the evaluation study by completing written tests 
before and after using the learning platform. With these tests, the 

diagnostic skills of the pre-service teachers were assessed using the 
example of the content area place value understanding. The test 
consisted of two tasks. The starting point for task 1 was a case study in 
which a second grader was asked to transfer a pictorial representation 
into the number representation. The error here is that the number of 
base-ten-blocks was determined column by column (here: one 
hundred, ten tens, and two tens) and then the individual numbers (1, 
10, 2) were written down one after the other, which led to the number 
1102, that does not match the pictoral representation—since the 
pictorial represents the number 220 (see Figure 5). Based on this case, 
the prospective teachers were asked to (1a) describe what the child did 
correctly, (1b) describe what the child did not do correctly, and (1c) 
explain possible causes of the error. The tasks outlined represent key 
elements of diagnostic skills (Hill et  al., 2008; Wuttke and 
Seifried, 2017).

In task 2, the prospective teachers are given another case in which 
a different error is made. Although the base-ten-blocks given in the 
pictorial representation had been transferred correctly to the place 
value chart, no bundling process was carried out during the transfer 
to the number representation. Instead of the number 252, the number 
2322 was written down (see Figure  6). Based on this case, the 
prospective teachers were presented with a total of four consecutive 
tasks for which they were asked to assess whether these tasks appeared 
suitable for gaining more information about the child’s thinking. The 
assessment had to be given on a Likert scale (from “very suitable” to 
“not suitable at all”) and also explained in a written explanation. For 
example, the task “You have 8 tens and 7 ones. What is the number? 
You get another 5 ones. What is the number now? Write down the 
number,” as it also requires bundling in one place (here: the ones), 
which can be identified as an obvious cause of the error in the case 
study. In contrast, the task “Place the number 283 with base-ten-blocks” 
can be  regarded as less suitable, as no bundling activities are 
necessary here.

The analysis was based on a system of categories developed in 
which the categories describing mistakes, analyzing the causes of 
mistakes, and assessing diagnostic tasks were distinguished according 
to the tasks used. Points were given if the participants addressed the 
relevant subject-specific and subject-didactic background facets in 
their answers. Bundling and unbundling, place value and numerical 
value and change of representations are particularly relevant for 
understanding place value. For task 1 a/b (max. 6 points) or c (max. 6 
points), two points were awarded for each background facet, 

FIGURE 5

Case study used for task 1.
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depending on whether they were addressed appropriately, partially 
appropriately, inappropriately or not at all. In task 2, a maximum of 15 
points could be collected, whereby 3 points were awarded for a suitable 
analysis of the case and a maximum of 3 points per diagnostic task for 
a suitable assessment of each of the four proposed diagnostic tasks. In 
total, a maximum of 27 points could be achieved in the test. Each test 
was analyzed by two people. A Krippendorff ’s alpha of 𝛼 =0.86 could 
be  determined and confirms a satisfactory intercoder reliability. 
Significances were calculated using Anovas.

In order to be  able to identify possible learning effects of the 
students on the learning platform, the pre-service teachers were 
instructed to use the learning platform exclusively for self-study. 
Furthermore, there was no input on the topic of place value 
understanding in the respective course during the intervention phase. 
In this way, it should be ensured that potential learning gains are due 
to the learning platform and not, for example, to a lecture on the topic 
of place value understanding or other support activities, such as 
accompanying exercises and exchanges with other students. Naturally, 
it cannot be  guaranteed that the participants did not obtain 
information on the topic in other ways during the intervention. 
However, for reasons of research methodology, the subjects were 
advised in detail not to deal with other sources that address place value 
understanding—though a stronger integration of the learning platform 
for example with lecture and exercise content would of course seem 
both conceivable and sensible. The learning platform is not intended 
to replace face-to-face learning or exchange between students on the 
one hand and exchange with lecturers on the other.

For analyzing RQ 2 the pre-service teachers were asked to 
complete a survey on learning styles. Learning style models help to 
differentiate a population of learners according to specific differences 
in learning behavior and preferences; thus using an instrument to 
identify learning styles in addition to other metrics of interaction with 
the system can help to identify if the learning platform is suitable 
generally and/or with specific sub-populations of learners.

The learning platform was built in its current form with little 
personalized features that address different learners’ characteristics. 
Therefore, it is necessary to gain insights if learners show different user 
behavior based on their self-disclosed learning style while using the 
same learning platform to figure out if the platform needs a more 
adaptive approach.

The Felder-Silverman Learning Style Model (Felder, 1988) was 
chosen as a survey instrument because it is well established and 
frequently used (Raj and Renumol, 2022) in science education. In 

addition to that, the user behavior was tracked using logfiles to be able 
to correlate the user behavior to the self-disclosed learning style.

For ethical reasons, the authors of this paper decided not to create 
a control group, as the surveys were conducted as part of required 
courses in the elementary teacher education programs, which students 
attend only once. It therefore does not seem justifiable to deliberately 
withhold information and learning opportunities from a potential 
control group.

6 Empirical findings

6.1 Diagnostic skills

This section reports results for RQ 1, which addresses pre-service 
teachers’ diagnostic skills before and after engagement with the 
learning platform. Table 1 shows the pre-and post-test data for each 
of the three pre-service teachers cohorts.

The results show that pre-service teachers at all three points in 
their studies achieved higher test scores after using the learning 
platform than before. First-semester Bachelor’s pre-service teachers at 
the University of Münster scored an average of 8.41 points in the 
pre-test and 12.7 points in the post-test, pre-service teachers in their 
third and fifth bachelor’s semester at TU Dortmund University scored 
an average of 10.6 points in the pre-test and 13.34 points in the post-
test. The most experienced pre-service teachers in the Master’s 
program at University of Münster achieved 11.49 points in the pre-test 
and 15.18 points in the post-test.

The performance gains are significant for all three cohorts, each 
with p < 0.05. Furthermore, the effect sizes determined with Cohen’s 
d show a medium effect in the Bachelor’s course at the TU Dortmund 
University (d2 = 0.71) and strong effects in both the Bachelor’s first 
semester course and the Master’s course at the University of Münster 
(d1 = 1.36, d3 = 1.05).

Despite the statistically significant increases in performance as 
well as medium and strong effects, it should be pointed out that on 
average, the pre-service teachers show diagnostic skills that need 
improvement after using the learning platform. It is to be noted that 
the average scores of the pre-service teachers after using the learning 
platform are far from the maximum possible 27 points across all 
courses, so that there still seems to be a need for professionalization 
even after using the learning platform. However, the post-tests also 
identified pre-service teachers who were able to achieve all points. 

FIGURE 6

Case study used for task 2.
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This could not be determined in the pretest, in which a maximum of 
22 points were achieved across all courses (see Figure 7).

The increase in diagnostic skills due to the learning platform, 
which combines informative and exploration-stimulating elements, 
can be classified as profitable, especially in the light of a preliminary 
study that was carried out. In the pilot study, the pre-service 
teachers were presented with variants of the learning platform that 
contained only informative or exploration-stimulating elements. 
Accordingly, there was neither a balance between the elements nor 
were the criteria outlined in section 3 fulfilled. Although the results 
of the preliminary study also demonstrate significant increases in 
pre-service teachers’ performance, the effect sizes are smaller than 
in the data reported here (d = 0.59) (Böttcher et al., 2022). This 
finding points to the particular importance of a matched, subject-
related combination of informative and exploration-stimulating 
elements of a learning platform. Furthermore, it can also 
be assumed that the considerable performance gains in the study 
presented here are not necessarily attributable to floor effects due 
to low performance in the pretest and inevitably expected high 
performance gains in the posttest. This requires a (digital) learning 
platform that is appropriate to the target group and adequately 
designed in terms of subject didactics.

6.2 Learning styles and user behavior

The following analysis focuses on the data set of rather 
experienced pre-service teachers in the third and fifth bachelor’s 
semesters at the TU Dortmund University, which had the same setup 
as in our first studies.

To answer RQ2 we investigate how the usage behavior differs 
based on the self-disclosed learning style. The Felder-Silverman 
Learning Style Model (Felder, 1988) is employed and correlated 
with tracked user behavior within the platform. This learning style 
model has four dimensions that can be seen as continuums: (1) 
active or reflective, (2) visual or verbal, (3) sensing or intuitive, and 
(4) sequential or global. The data collected from the abbreviated 
survey instrument (Graf et  al., 2007) was used to cluster the 
individual pre-service teachers to find groups with different 
learning styles using k-means (MacQueen, 1967). Figure 8 shows 
the clusters according to differences in learning styles. Clusters 1 
(turquoise) and 5 (light green) with mainly active and sensing 
learning style represent the pre-service teachers that we consider—
within the learning style framework—to be  most likely to use 
elements to stimulate exploration. In contrast cluster 2 (orange) 

represents the pre-service teachers with reflective behavior which 
we consider are least likely to use elements to stimulate exploration. 
Clusters 3 (blue) and 4 (pink) represent a combination of 
dimensions that does not allow a straightforward hypothesis with 
respect to exploration.

Figure 8 shows metrics of pre-service teachers’ usage behavior 
in one of the modules (place value understanding) of the learning 
platform. The picture is split according to the clusters with the 
same color coding. It shows violin plots2: on the upper part the 
total time in seconds the pre-service teachers spent on the module, 
on the lower part the interaction factor, which represents the 
degree of explorative behavior. The interaction factor is calculated 
by dividing the time spent on the elements to stimulate exploration 
by the total time spent with the platform as a percentage. For all 
violin plots the probability is high around the median, which shows 
that the distribution is not skewed and does not require further 
analysis. All plots also have a similar interquartile range. The 
whiskers of the box plots have about the same reach. The median 
varies between the different clusters, so some effects of the learning 
style are visible: we have some indication that the active/sensing 
clusters [1 (turquoise), 5 (light green)] spend more time on the 
learning platform than cluster 2 (orange), yet a detailed 
investigation of these differences is needed. Furthermore, the shape 
of the probability density changes for each cluster, e.g., the peculiar 
shape of cluster 2 (orange) on the upper part requires 
deeper analysis.

In order to analyze the interaction and behavior with the elements 
to stimulate exploration the bar plot in Figure 9 was created. It shows 
the percentage of how many pre-service teachers of each cluster 
interacted with any elements to stimulate exploration, with all the 
mandatory3 elements to stimulate exploration, have solved all the 
mandatory elements to stimulate exploration, interacted with all 
elements to stimulate exploration and have solved all elements to 
stimulate exploration.

The data shows that there are some minor differences between the 
clusters within the categories. Further examination using the 
Bonferroni-Holm procedure (Holm, 2024) showed that the differences 
are not significant. This means that different learning styles do not 

2 Violin plots contain box plots and show the probability density of the values.

3 Mandatory elements are directly visible on the corresponding pages in 

regard to elements that are hidden behind an expandable items labeled “display 

additional exercise.”

TABLE 1 Diagnostic skills of pre-service teachers of different courses before and after the use of the learning platform.

Pre-test Post-test Difference Effects

Emmean SE Emmean SE Post–pre SE Cohen’s d SE

Bachelor program first-semester pre-

service teachers (UM)
8.41 2.79 12.70 4.61 4.29*** 0.21 1.36 0.08

Bachelor program third/fifth-semester 

pre-service teachers (TUD)
10.60 3.37 13.34 3.92 2.74*** 0.22 0.71 0.08

Master program pre-service teachers 

(UM)
11.49 2.70 15.18 3.97 3.69*** 0.55 1.05 0.20

***Significant difference (p < 0.001).
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significantly change the way the learning platform is used. Because the 
level of interaction is generally substantial and especially for the 
mandatory elements of the module very high (cf. the first two 
segments of bars in Figure 10) the design of the elements to stimulate 
exploration can be considered as an inviting interaction regardless of 
specific learning styles.

The evaluation thus provides arguments to the effect that the 
interdisciplinary collaboration consisting of a team of researchers 
from computer science and mathematics education led to a product 
that takes into account the specific needs of the focused user group. 
As a consequence of the results on user behavior and learning styles 
the learning platform seems to be suitable and activating for a wide 
range of different users. This does not yet answer if the preferences 
expressed in a learning style actually help learners when content is 
adapted to that learning style. The combination of the effects on 
diagnostic skills on different populations of learning styles is a next 
step in the data analysis to find out if a more adaptive approach is 
needed with respect to content and elements to stimulate exploration.

7 Discussion

This paper presented the conceptual design of the FALEDIA 
learning platform and empirical findings related to the diagnostic skills 
of pre-service primary mathematics teachers before and after using the 
learning platform, as well as results on learning styles and user behavior. 
The data indicate that using the learning platform in self-study can help 
to increase the diagnostic skills of pre-service teachers at different 
university locations and at different points in their studies—from first-
year to experienced in the Master’s degree program. These results are 
in accordance with the findings of meta-analyses conducted, which 
integrate studies from various disciplines and corroborate the efficacy 
of digital learning opportunities with balanced proportions of PBL and 
WE (Barbieri et al., 2023; Gijbels et al., 2005; Walker & Leary, 2009).

With regard to usage, it was shown that the self-assessed learning 
style has hardly any effect on usage behavior, yet across different 

FIGURE 7

Diagnostic skills of pre-service teachers of different courses before and after the use of the learning platform—Boxplot.

FIGURE 8

Clusters according to the four dimensions of Felder-Silverman in a 
spider diagram: each dimension is shown with the first adjective on 
the inner side and the second on the outer side scaled according to 
the users’ answers: e.g., “reflective-active” means that values at the 
outermost belong to active and at the innermost to reflective style.
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FIGURE 9

Violin plots with time spent (top) and interaction factor (bottom) for each cluster.

FIGURE 10

Percentage of interaction with elements to stimulate exploration for each cluster.
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learning styles a substantial level of interaction with the elements to 
stimulate interaction was detected. Overall, our findings support a 
positive evaluation of the concept. However, a more comprehensive 
study of the interactions between different user groups with FALEDIA 
would appear to be beneficial in order to provide suggestions for 
improving the user experience.

During the implementation of the learning platform, a framework 
was provided through the use of the HCD in which a design solution 
was developed that meets the user requirements of the targeted 
audience of pre-service mathematics teachers. The use of the HCD can 
therefore be classified as successful regarding the evaluation.

With regard to the concrete design of learning platforms, a 
balanced combination of WE and PBL also proved to be beneficial to 
learning in the research project described here. Accordingly, the 
recommendation formulated in the literature to combine PBL and 
WE was confirmed. Thereby, casework seems to play an essential role, 
which enables teachers to increase their diagnostic skills. Casework 
should thus not only be  considered in the context of non-digital 
university learning opportunities, but also and especially in digital 
learning opportunities, such as FALEDIA.

In this way, it was possible to pave new ways to increase the 
diagnostic skills of pre-service teachers. Through the associated 
professionalization of teachers, a contribution is also made indirectly 
to increasing the mathematics performance of primary school pupils, 
because teacher who have adequate diagnostic skills will be able to 
support students more adequately than those who are less professional 
in this area.

While the empirical results demonstrate how pre-service teachers’ 
diagnostic skills can be developed, the present study’s methodological 
decisions impose specific limitations that indicate potential avenues 
for future research. The most pertinent of these are outlined below:

 • Local instead of global proof of efficacy: The data outlined refer 
to the use of an exemplary module of the learning platform on 
the topic of place value understanding. Seven further modules 
have been implemented on the basis of the study results 
described here on various topics, which are also relevant to 
primary school. In the context of future studies, a similar 
investigation to the one described in this article is desirable for 
other selected subject areas, so that the concept can 
be evaluated across various topics.

 • Cross section instead of longitudinal section: The performance data 
of the pre-service teachers was collected at an interval of just 1 
week, which limits the representativeness of the data to a cross-
section rather than a longitudinal one. Consequently, it is unclear 
whether the observed performance developments are 
representative of long-term trends.

 • Pre-service instead of in-service teachers: The present study was 
designed to examine the efficacy of FALEDIA in facilitating the 
professional development of pre-service teachers. However, it did 
not address whether experienced in-service teachers could also 
benefit from using FALEDIA and subsequently apply their 
enhanced skills in everyday classroom support situations, thereby 
enabling students to develop more pronounced competencies.

 • Self-study instead of embedding in the course organization: In 
order to ascertain the extent to which FALEDIA can 
be attributed as a contributing factor to the observed learning 

effects, the pre-service teachers were required to utilize 
FALEDIA exclusively for self-study. This raises the question 
of how FALEDIA can be integrated into learning events in 
order to promote performance.

 • Potential self-assessment bias: The learning styles identified were 
derived from data reported by the preservice teachers themselves, 
which may have introduced a degree of subjectivity into the 
process. Such an approach would be  beneficial in order to 
circumvent self-assessment bias. However, this approach was not 
feasible within the context of this study, particularly given the 
necessity for multiple versions of the learning platform to 
accommodate diverse learning styles. This would have 
necessitated a completely different design for the learning 
platform, which would have significantly complicated the 
collection of performance data.

Finally, it should be pointed out that FALEDIA is by no means 
associated with the vision of creating pre-service teachers learning 
at the university exclusively within the framework of learning 
platforms. Rather, the aim is to meaningfully supplement existing 
course structures with empirically approved and conceptually 
appropriate digitally supported teaching-learning concepts. The fact 
that the learning platform was used in the evaluation solely for self-
study by the pre-service teachers is primarily justified by research 
methodology, since learning effects can be attributed to the learning 
platform and not to other external stimulation on the topics. Of 
course, the learning platform is equally suitable for collaborative 
work and for making them the subject of university teaching.
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