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Reading competence is a prerequisite for academic success, yet studies reveal persistent deficits among primary school students, especially in inclusive classrooms. Digital formative diagnostics and aligned support tools offer promising opportunities; however, their sustainable implementation depends on both technical and pedagogical usability. This study explores the design of digital inclusive reading support to ensure usability and foster acceptance in practice. In the context of the collaborative project DaF-L, an adaptive digital reading screening and corresponding reading packages were developed and integrated into the competence-oriented learning platform Levumi as Open Educational Resources. A qualitative exploratory design was employed, integrating expert interviews with teachers (n = 13) and participatory classroom observations (n = 33) to capture perspectives from both teachers and students. Educators underscored the necessity for simplified navigation, individualized class management, and clear feedback mechanisms. The students’ positive response to motivational features, such as visual design, repetition opportunities, and immediate feedback, was noted. However, technical issues (e.g., unstable Wi-Fi connections, browser incompatibilities) and pedagogical challenges (e.g., skip function) were identified as factors that reduced usability. The findings indicate that the efficacy of digital formative reading support is contingent upon the synergy of intuitive technical design and pedagogical functionality, thereby facilitating differentiated learning. The study demonstrates how practice-to-research transfer can systematically enhance usability and provides implications for the future development of inclusive digital learning environments.
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Introduction

The ability to read and comprehend text is widely regarded as a pivotal component of academic and societal success. However, international comparative studies such as the Progress in International Reading Literacy Study (PIRLS; Mullis et al., 2023) and the German national education report (Stanat et al., 2022) indicate that a high percentage of primary school students in Germany, as in many other countries, display substantial deficiencies in reading (Betthäuser et al., 2023; McElvany et al., 2023; Mullis et al., 2023; Organisation for Economic Co-operation and Development [OECD], 2023). Furthermore, heterogeneity in inclusive primary schools (grades 1–4, approximate ages 6–10) has increased, and teachers are tasked with the education of children from a variety of linguistic, cultural, and cognitive backgrounds (Kultusministerkonferenz [KMK], 2022). This discourse has intensified in Germany since the COVID-19 pandemic, which has led to a significant number of primary school children displaying disconcerting learning deficits. As a result, the German Kultusministerkonferenz (KMK) [The Standing Conference of the Ministers of Education and Cultural Affairs] recommends the early intensification of nationwide diagnostics and the provision of scientifically based, quality-assured diagnostic instruments and aligned support in form of formative diagnostics to ensure basic competencies (Köller et al., 2022). The PIRLS, which is conducted through a computer-based assessment since 2016 and also focuses on digital forms of reading, came to a similar conclusion (Mullis and Martin, 2019). In this context, formative diagnosis is becoming increasingly important, as it identifies learning ability at an early stage and enables customized support (Connor, 2019; Förster and Souvignier, 2014). Digital formative diagnostics offer particular potential in this regard. These tools facilitate continuous monitoring of learning progresses, provide immediate feedback, and assist teachers in providing individualized support (Leshchenko et al., 2021).

For digital formative diagnostics to be effective, instruments must be both reliable and accurate in measurement and usable for students and teachers. These goals can sometimes contradict each other; since, for example, the more items a test contains, the more reliable it is. In practice, the implementation necessitates an increase in the time required for the test, the child’s need to concentrate for an extended period, and the allocation of additional time to plan for its integration within the classroom setting (Schurig et al., 2021). Consequently, it is imperative to consider the requirements for both reliable and objective measurement as well as the requirements for teachers and students. The usability of diagnostic instruments has received minimal consideration and analysis throughout the development process. Furthermore, research indicates that a number of these digital tools are rarely utilized in practice, often due to a lack of technical and/or pedagogical usability (May and Berger, 2014; Blumenthal et al., 2022). This indicates that the design of digital diagnostic and support tools has rarely been systematically examined and optimized from the perspective of the main users, namely teachers and students. This is especially relevant, as usability is a key factor in the actual use of digital tools in inclusive education (Jahnke et al., 2020).

This article investigates how digital reading support can be designed to be effectively implemented in inclusive primary school classrooms. The primary focus of this study is to assess the technical and pedagogical usability of the learning platform Levumi and the developed digital reading packages, which are available as Open Educational Resources.1 The research was conducted within the framework of the federally funded collaborative project DaF-L2 [Digitale alltagsintegrierte Förderdiagnostik–Lesen in der inklusiven Bildung (digital support diagnostics integrated into everyday life–reading in inclusive education, own translation)] to develop an adaptive reading screening and aligned support materials. This study explores how teachers’ and students’ feedback can be systematically integrated in order to enhance the technical and pedagogical usabilty of digital tools. The objective is to foster their acceptance and sustainable use in inclusive educational practice.



Literature review


Reading competencies in elementary school

By the end of the fourth school year, students are expected to have achieved specific reading competencies and a certain level of reading comprehension. The PIRLS assesses not only an individual’s literary experience, but also their capacity to acquire and utilize information. The assessment comprises two main parts, covering the following reading comprehension processes: (1) focus on and retrieve explicitly stated information, (2) make straightforward inferences, (3) interpret and integrate ideas and information, (4) evaluate and critique content and textual elements (Mullis et al., 2023, p. 57). The reading comprehension processes retrieving, straightforward inferencing, interpreting and integrating as well as evaluating and critiquing are categorized differently further on such as an emphasis on relative average achievement in literary and informational purposes (Mullis et al., 2023). Additionally, they can be defined into two distinct reading comprehension processes: (1) retrieving and making straightforward inferences, and (2) interpreting, integrating, and evaluating (Mullis et al., 2023, pp. 61–62).



Formative assessment through digitalization to support all readers

Formative assessment entails the continuous monitoring of student learning, enabling instructors to offer immediate and continuous feedback for the purpose of refining their teaching methods, and students to enhance their own learning progress (Liebers et al., 2019). Continuous feedback provided through formative assessment empowers students to reflect on their learning and to make targeted improvements. Simultaneously, formative assessments enable teachers to gain deeper insights into students’ understanding and performance, enabling them to adapt their teaching approaches and create personalized learning opportunities that cater to the needs of the individual student. In essence, the implementation of formative assessment methods fosters a supportive learning environment, enabling students to maximize their potential (Connor, 2019; Förster and Souvignier, 2014; Mullis and Martin, 2019; Organisation for Economic Co-operation and Development [OECD], 2005).

Digital learning applications serve as valuable tools for formative assessment, enabling real-time progress monitoring and targeted support. Additionally, digitization in education allows for personalized learning experiences, accommodating individual preferences, and learning styles. With the appropriate guidance and usage of digital learning applications, children effectively develop the skills needed for reading and navigating the digital world (Kultusministerkonferenz [KMK], 2022).

Furthermore, the integration of digital technologies into education has been shown to contribute to a reduction in teachers’ workloads while enhancing their pedagogical effectiveness. The data is saved, sorted, and (partly) analyzed digitally. Through that, teachers save time and receive information on their students’ learning with which they can adjust their lessons and focus on supporting individual students.

The digital reading packages offer teachers the necessary tools to support their students effectively. By receiving results digitally, teachers can easily track students’ progress, make essential adjustments to their teaching methods, and provide personalized support. Students experience a more engaging and effective learning process with the reading packages because they receive immediate feedback. This instant validation for correct answers can boost their confidence, while timely corrections prevent frustration, helping them stay motivated to improve their reading skills.

However, the current landscape presents a challenge, as there is a lack of digital tools that systematically integrate formative assessment with targeted reading support. Although digital reading programs exist, only a limited number of them are designed with a formative approach that permits continuous monitoring of learning progress and adaptive support. Recent national work, such as Junger and Liebers (2024), underscores the nascent stage of this research. However, at the international level, there is a paucity of evidence to suggest the existence of comparable digital formative programs that specifically address reading in inclusive classroom contexts. This dearth of research underscores the significance of the present study and its contribution to the nascent field of digital formative diagnostics in reading education.



Technical-pedagogical usability

The concept of usability originates from the field of software development, and it is defined as the discrepancy between the potential usefulness of a system and the extent to which users are able and willing to utilize it (e.g., Eason, 1984; Sarodnick and Brau, 2016). In recent decades, a number of guidelines have been developed on how to assess the technical usability of such systems (e.g., Chalmers, 2003; Nielsen, 1994; Tognazzini, 2003). In the context of the ongoing digitization of teaching materials, diagnostic tools, and support materials as well as the increasing use of digital devices in schools, the usability of digital learning environments has become more important (Estrada-Molina et al., 2022; Lu et al., 2022). To ensure comprehensive evaluations of learning materials, the focus has shifted to not only examining their technical usability but also considering pedagogical aspects (e.g., Jahnke et al., 2020; Moore et al., 2014; Nokelainen, 2006). Technical usability focuses primarily on the efficiency, effectiveness, and satisfaction of using software or devices. While pedagogical usability specifically considers the requirements of the educational sector, in particular the effectiveness and user-friendliness of educational materials, platforms, and technologies. Pedagogical usability is defined as the design of teaching and learning materials that are easy to understand, accessible, and motivating. This encompasses elements such as clear instructions, engaging presentations of learning content, and the integration of interactive elements (Jahnke et al., 2020). Pedagogical usability is imperative to ensure that educational technologies contribute effectively to knowledge transfer and actively engage learners.

An examination of digital formative diagnostic tools reveals the existence of a substantial collection of well-designed tools that adhere to scientific standards. Nonetheless, the majority of formative digital diagnostic tools developed to assess and enhance sustainable engagement have been evaluated under scientific conditions with user involvement in their development being limited (Girdzijauskienė et al., 2022; D’Mello, 2021). However, there is a lack of research in real-life educational settings on how and under what conditions these diagnostic tools are used. In school practice, this is particularly evident in the rather rare use in the classroom (Dancsa et al., 2023; Wammes et al., 2022; Souvignier, 2021; May and Berger, 2014). The reasons cited for this reluctance include incompatibility with regular school life and the unused potential of digital diagnostic tools by teachers (Abdykerimova et al., 2025; Blumenthal et al., 2022; Liebers et al., 2019).

Although there’s a growing research interest in the overall user experience and how people perceive technology (Law and Abrahão, 2014; Schmidt and Huang, 2022; Schmidt et al., 2020), the primary focus has predominantly been on technological usability. Pedagogical usability, defined as the extent to which digital systems are designed to be didactically meaningful and conducive to learning, has been the subject of only a limited number of empirical studies (Lu et al., 2022). In order to cultivate acceptance and sustainable implementation in the classroom, it is essential to engage prospective users in the (further) development of digital formative diagnostic tools and the associated support materials. This engagement must systematically take into account both, technical and pedagogical usability.

Considering the technical usability as part of the series of standards DIN ISO 9241 Ergonomics of human-system interaction, the ergonomic design of software products is described in more detail in the standards of DIN EN ISO 9241 Part 11: Usability: Definitions and concepts and DIN EN ISO 9241 Part 110: Dialog principles. Figure 1 schematically illustrates the framework of usability.
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FIGURE 1
Framework of usability consisting of the three dimensions of usability: effectiveness, efficiency, user satisfaction, and considerations regarding the product: context of use. These form the basis for technical usability (cf. Din En Iso 9241-11:2018-11, 2018).


According to DIN EN ISO 9241-11, usability consists of effectiveness, efficiency, and user satisfaction with the system. Also referred to as the dimensions of usability. In this context, technical usability should be considered in connection with the specific context of use, rather than as an absolute measure. Factors such as the type of task, the environment as well as the characteristics and abilities of the users also have an influence on the technical usability (Din En Iso 9241-11:2018-11, 2018; Tullis and Albert, 2013).

In the context of technical usability, the development of a diagnostic instrument entails not only the construction of the instrument in accordance with its diagnostic function, but also focuses on the instrument’s users. This way, acceptance of the procedure can be increased and frustration during usage reduced in order to improve the productivity of the procedure (Kähler et al., 2019). However, the dimensions of technical usability need to be further specified to comprehensively illuminate usability and its factors.

A dialog between the user and the tool is created, when a digital diagnostic tool is operated. This dialog is defined in DIN EN ISO 9241 Part 110 as Dialog principles (see Figure 2). It describes the interaction between a user and an interactive system in the form of a sequence of actions by the user (inputs) and responses by the interactive system (outputs) to achieve a goal (Din En Iso 9241-110:2008-09, 2006). To minimize misleading or insufficient information from the diagnostic tool, the design of the interaction should be based on the seven principles of dialog design: ability of individualization, task appropriateness, self-descriptiveness, conduciveness to learning, conformity to expectations, error tolerance, and controllability. The principles of dialog design act as general goals for how user interactions should be built. Therefore, it is essential to adapt or to operationalize these for practical use, according to the system being designed, and the characteristics of its user group (Kähler et al., 2019).
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FIGURE 2
Seven dialog principles (e.g., task appropriateness, self-descriptiveness, error tolerance) that structure user–system interaction (cf. Kähler et al., 2019).


As described, pedagogical usability ensures that teaching and learning materials are easy to understand, accessible, and motivating. This approach is designed to facilitate students’ navigation of the learning environment, thereby ensuring their ability to achieve optimal learning outcomes. Therefore, a crucial factor in constructing a digital formative diagnostic tool is the students’ perspective. According to Nokelainen, pedagogical usability consists of ten dimensions: Learner control, Learner activity, Cooperative/collaborative learning, Goal orientation, Applicability, Added value, Motivation, Valuation of previous knowledge, Flexibility, and Feedback, as well as 51 sub-dimensions (2006).

Developing a digital learning environment where students can easily access, understand, and engage with the platform’s content contributes significantly to their overall learning experience. Furthermore, this can promote a positive attitude toward learning, boost their confidence, and ultimately lead to more effective learning outcomes (Wilson and Myers, 2000).

In summary, usability can be defined as the effectiveness, efficiency, and satisfaction with which users operate a system (EN ISO 9241-11:2018-11, 2018). Pedagogical usability is a concept that extends this perspective to encompass didactic criteria such as comprehensibility, motivation, and suitability for learning objectives (Nokelainen, 2006). Research has demonstrated that it is solely the synergy of technical and pedagogical usability that facilitates the comprehensive utilization of digital formative diagnostic tools (Jahnke et al., 2020; Moore et al., 2014). However, there are still significant gaps in the existing research. A prevailing tendency in the field is to examine technical and pedagogical aspects in isolation, rather than to systematically analyze their interactions. In addition, feedback from teachers and students is seldom used to further develop digital tools, even though it could be of great importance for acceptance and effectiveness in inclusive elementary schools.




Collaborative project DaF-L

The BMBF [Bundesministerium für Bildung und Forschung (Federal Ministry of Education and Research)] within the Rahmenprogramm empirische Bildungsforschung [Framework program empirical educational research, own translation] funded the collaborative project DaF-L. A digital and competence-oriented screening for reading competencies with aligned reading packages, consisting of literary texts and reading exercises (reading comprehension questions), was developed and tested. The study centered on the practice-to-research transfer to enhance the technical-pedagogical usability of the learning platform Levumi, in conjunction with the co-development of adaptive reading screening and packages in collaboration with school practitioners (Junger et al., 2024). Since then, the materials are available for teachers as an Open Educational Resource (OER) (Junger et al., 2023). The learning platform Levumi, which was developed in 2015, provides competence-oriented learning progression diagnostic tools as well as support materials that aid regular school teachers and special education teachers in the diagnostics and support of students (Gebhardt et al., 2016; Jungjohann et al., 2018; Mühling et al., 2017). The collaborative project DaF-L comprised of four universities in Germany. The digital screening for reading competencies was developed by the University of Munich in 2022 (LES-IN-CAT; Ebenbeck et al., 2023; Jungjohann et al., 2023). The reading support was constructed by the University of Flensburg in 2023 (Reading path; Hanke and Diehl, 2024a,b; Diehl and Hanke, 2024). Qualitative expert interviews were conducted by the University of Leipzig throughout the entire project period to ensure the practice-to-research transfer and to improve the technical-pedagogical usability (Junger et al., 2023). The University of Kiel was responsible for the digital integration of the newly developed tools into the learning platform Levumi. The objective was threefold: to provide simple, data-driven, and effective reading support; to determine what makes daily diagnostic tools successful; and to create a better environment for inclusive education in primary schools.


Reading path–digital reading packages with formative assessment

The reading packages promoting reading comprehension in inclusive classrooms contain literary texts on three ability levels and reading exercises, which were reading comprehension questions, tailored to them. The reading packages are intended to promote the reading skill reading fluently and the reading abilities reading comprehension and strategies for reading comprehension. The ability to read fluently implies that the students can read quietly, aloud, automatically, accurately, meaningfully, and quickly (Kultusministerkonferenz [KMK], 2022). The students have to read texts and solve reading exercises; therefore, they read both repeatedly (Mayer, 2018) and a lot (Kruse et al., 2015), thus promoting reading fluency. In case of reading comprehension, and the main focus of the reading packages, the students read texts that correspond to their ability level and understand their meaning. Skills encompass students’ ability to identify textual information at the local level, which may be either explicitly stated or deduced through straightforward inferencing. In doing so, students also pay close attention to linguistic means in order to ensure that the context of the text is understood, and to link text information, draw conclusions, and construct an overall understanding using their previous knowledge (Kultusministerkonferenz [KMK], 2022). In case of possessing strategies for reading comprehension or reading strategies, the students know how to use basic cognitive and metacognitive reading strategies after reading. They work with after-reading strategies such as central text statements (Kultusministerkonferenz [KMK], 2022).

As previously stated, the implementation of digital formative assessment and digital reading tasks, such as engaging with literary texts and completing reading assignments, has been demonstrated to offer significant advantages for both students and teachers. The effectiveness of these tools; however, is contingent upon their design, which must be both thoughtful and user-friendly in order to ensure good technical-pedagogical usability.

For this article, the present study reexamines expert interviews on the reading packages as well as participatory classroom observations during their implementation, guided by the following research question: How should digital inclusive reading support be designed to increase its utilization in the classroom?




Materials and methods

As part of the practice-to-research transfer, expert interviews and participatory observation protocols were implemented to test the usability of the learning platform Levumi and the intervention for further development. In the interviews, the following sub-research questions were addressed:

(1) How do educators rate the usability of Levumi before the redevelopment?

(2) What changes would be beneficial from the educators’ perspective to increase the usability of learning platform Levumi?

To answer the questions, the DaF-L project conducted two surveys, one in spring 2022 and the other one in spring 2023.

Additionally, participatory observations were conducted during the intervention to examine the reading support sessions and the digital reading packages. However, due to the importance of the pedagogical usability of learning support materials, they were reevaluated with the focus on the students’ usability of the learning platform and the digital reading packages.


Research design

The present study employed a qualitative exploratory design to examine the technical and pedagogical usability of the learning platform Levumi and its developed digital reading packages. The study drew on two complementary data sources: expert interviews with teachers and participatory classroom observations. This dual perspective enabled a systematic analysis of both teacher and student experiences, providing a richer and more nuanced interpretation of the findings and supporting informed recommendations for the further development of digital reading interventions and improvements in inclusive education.

To ensure a direct practice-to-research transfer, expert interviews in a qualitative longitudinal design were planned. The processual character of a qualitative longitudinal design is intended to improve usability by focusing on the stakeholders’ perspective (Bortz and Döring, 2016; Witzel, 2020). The qualitative interviews were conducted at two different points in time with expert teachers to accompany the further development of the learning platform Levumi in coordination with school practitioners.

The first survey of expert interviews, a needs analysis, was conducted in spring of 2022 and captured initial requests for improvements to the learning platform Levumi from educators. The second expert interviews, regarding the study of the digital reading packages, took place in spring 2023. Teachers assessed and reported on the technical-pedagogical usability of the reading intervention for its further development, including the literary texts and the reading exercises.

Additionally, in order to include feedback on students’ usability, observational data was collected in the qualitative cross-sectional design. For this purpose, participatory observation protocols were employed to record students’ challenges during the intervention in spring 2023. The protocols were indebted to evaluate different parts of each intervention session. To secure the instruments’ usability for the students, the collection and analysis of qualitative data through participatory observation protocols represent an essential aspect of this study’s research methodology. Through detailed records carefully completed by research staff, the participatory observation protocols captured the unfolding course of tests and intervention sessions, providing a wealth of valuable information about how individual tests and measures were administered and carried out.



Sample and data collection


Sample

The recruitment of teachers for the first expert interviews regarding the needs analysis was carried out in three acquisition rounds. The term expert is applied to describe interview participants possessing specialized knowledge that relates to a specific area and is not part of general knowledge (Misoch, 2019). Accordingly, teachers with practical experience using the learning platform Levumi are regarded as specialists in its technical usability. Their specialized knowledge concerning the platform is supposed to offer indications of how the usability of the platform can be improved.

In the first attempt, the last two school years (2020/2021, 2021/2022) were defined as the period of active use. A total of 217 active users were recorded in the database of the learning platform Levumi. Due to data protection constraints preventing direct contact with the expert teachers, they were approached via the newsletter function of the learning platform Levumi. In total, only six teachers accepted the invitation to participate in the interviews.

Due to the low response, the search period for teachers, who actively use the learning platform Levumi, was extended to the 2019/2020 school year in the second attempt. In that school year, Levumi was updated to a new version with a revised platform as well as new functions. This extended the sample period to the three school years 2019/2020, 2020/2021, and 2021/2022. The total number of active users thus increased from 217 to 276. Unfortunately, the expansion of the period did not add any additional educators.

In a third attempt, former teacher candidates who wrote their master thesis with a collaborative project partner via the platform were contacted directly by a project partner with a request to participate in the interviews. Unfortunately, there was no response to these requisitions either. However, through an independent interview, it was possible to establish contact with a person who studied social work but was included in the sample as an expert on the technical usability of the learning platform Levumi based on two years of experience in using the platform. From the acquisition conducted, as described, a total of seven interview partners were obtained for individual interviews.

In the second survey for the study of the digital reading packages, educators were required to evaluate the beta version of the reading packages with students before the interviews in order to provide feedback. It was not necessary for teachers to have used the learning platform Levumi before, as it was the case of the initial needs analysis survey. First, the experts from the interviews of the needs analysis were asked to participate in the new survey. Three of the original seven educators responded positively to the request. To maximize outreach for canvassing, various Levumi social media channels were used, such as a Levumi X (former Twitter) account, the Levumi newsletter, and the Levumi blog. Incentives for school supplies were included in the ads, to further motivate teachers to participate in the interviews. Therefore, three additional teachers were acquired for the interviews, so that a total of six teachers participated in the second survey.

In addition to conducting interviews, a series of participatory classroom observations were undertaken in three primary school classes during the implementation of the digital reading packages, resulting in 33 structured observation protocols. Student interactions with the platform and its associated materials were analyzed, with a particular emphasis on usability, engagement, and any pedagogical hurdles encountered. In order to ensure the participation of teachers from previous studies, the project team re-contacted the relevant teachers. Furthermore, the project was presented at a principals’ conference, and information letters were distributed.



Data

The data of the surveys was collected by semi-structured, guided expert interviews as this allows researchers access to the special knowledge of the people involved in the situation and the processes (Gläser and Laudel, 2010). The semi-structured guide was designed according to the research questions and adapted to the domain-specific content of technical usability.

The interview guide consisted of a total of four parts and 22 questions. It started with an introductory question about the practical use of the learning platform Levumi in school. Second, the two main categories comprised of the dimensions of usability, with six questions on effectiveness, efficiency, and satisfaction, and the dialog principles, with 14 questions on task appropriateness, self-descriptiveness, conformity to expectations, conduciveness to learning, controllability, error tolerance, and ability of individualization. As a final question, educators were asked about the urgency of processing, as not all feedback could be incorporated immediately and the possibility of implementation needs to be evaluated first. The semi-structured guide was used equally in the two interviews (needs analysis and study of the digital reading packages).

All interviews were conducted exclusively in a digital form, due to the physical distance to the interview partners (different federal states) and the pandemic situation with restrictions on business travel ongoing. The open source virtual classroom software BigBlueButton provided by the University of Leipzig was used for the online communication. The interviews were recorded using a voice recorder. The second survey of the expert interviews was initiated before the commencement of the intervention study in April 2023.

The participatory observation protocols comprised inquiries spanning both overall observations and the documentation of specific segments of the intervention. The distinct sections under scrutiny encompassed Warm-Up, Text Work 1 (digital reading packages), Text Work 2 (reading with a partner), and Closer. Questions pertaining to the pedagogical usability of the reading materials and the learning platform’s interface encompassed considerations such as the extent to which students encountered challenges while interacting with the tablet. Additionally, factors such as the level of student engagement (active, interested, etc.) were assessed. Further inquiries encompassed the students’ ability to maintain focus on the digital reading materials and to successfully complete them. Notably, any difficulties or issues (related to the reading packages and platform’s interface) were also examined. Moreover, the protocols delved into whether students required assistance with the digital exercises (content).

During the sessions, researchers provided active support to students, checking their progress and clarifying the functions of the digital reading packages. Prior to the intervention, students were introduced to the structure and navigation of the reading packages, which included texts, comprehension questions, and exercise formats.

The protocols for the participatory observation provided a detailed account of the intervention process and offered valuable insights into students’ behaviors, interactions, and engagement, shedding light on their understanding, learning styles, and responses to the reading packages (Katz-Buonincontro and Anderson, 2018; Postholm, 2019). Simultaneously, the qualitative analysis pinpointed challenges and contextual variables that may have affected the quantitative findings. These nuanced insights enriched the interpretation of the results and complemented other data, ultimately leading to a more comprehensive understanding of the intervention’s outcomes and its significance for the field of reading education.




Analyzing of data

The length of the collected interviews was between 51 and 90 min. The average duration of an interview is 76 min. In total, data material with a temporal scope of 9 h was recorded (including interviewer questions).

In order to focus on the content of the interviews at an early stage, a semantic-content transcription system was used. The transcription was carried out by trained personnel and transcription software Amberscript, using the transcription rules according to Dresing and Pehl as basis for the transcription of the audio files (2018). In the interviews, the language is transcribed more fluently and readably, with the focus on the (semantic) content of the speech (Kuckartz, 2018). This includes, for example, no word breaks, word slurring, word repetitions, slips of the tongue, filler sounds, and comprehension signals (if these are not meaningful) as well as dialect, which is approximated to written language (Dresing and Pehl, 2018).

The interview material was prepared for the information analysis and then analyzed and extracted by using MAXQDA 2020, a program for qualitative data and text analysis. The categories were created deductively based on the theoretical operationalization of technical usability in the interview guide. The two main categories of technical usability, dimensions of usability and principles of dialog design, were coded as upper categories, and the ten associated variables were coded as subcategories. The subcategories were also subdivided into the current state (coding of the first sub-question to evaluate current usability) and the target state (coding of the second sub-question to profitably change usability).

For each intervention session, the researchers utilized participatory observation protocols. The protocols encompassed general inquiries related to the overall observation, such as the students’ level of engagement (active, interested, unmotivated, independent, etc.). Additionally, it included specific questions concerning various parts of the intervention. The intervention was structured into several segments, namely the warm-up, individual digital work with the reading packages (Text Work 1), partner reading (Text Work 2), and the closing activity. Consequently, the participatory observation protocols included queries like, “To what extent do the students encounter difficulties handling the tablet?” and “How does the partner reading function? (smoothly, hesitantly, with frequent breaks, etc.).”




Results

The interviews conducted with teachers along with the participatory observation protocols employed by the researchers, played a crucial role in improving technical-pedagogical usability through the implementation of suggested enhancements.


Teachers’ perspectives on technical usability

Regarding the first sub-research question, how teachers assess the usability of the learning platform Levumi, they generally evaluate its technical usability and the pedagogical benefit positively. “All it takes is time to register and then for the students to log in, but after that you only benefit from it” (AP_A_1, teacher 5, pos. 28, own translation).

For the second sub-question, which changes would be beneficial from the educators’ perspective in order to increase the usability of Levumi, the teachers identified primarily changes regarding the controllability of the platform’s navigation levels, the ability of individualization of classes’ administration, and the feedback for the students during the test to increase the platform’s technical usability.

According to the teachers, the controllability of the navigation levels lacked clarity; “So the process is all clear, but it’ not really clearly structured […]” (AP_A_1, teacher 1, pos. 29, own translation). In addition, many steps (clicks) have to be taken to get to the “desired” result. It was assumed that certain tests were not sufficiently intuitive, which could result in confusion and an increase in workload during classroom implementation. Teachers suggested clearer organization of the exercises and improved user guidance to reduce barriers to use.

To increase the ability of individualization the management of both classes and students was identified as a significant area for enhancement, particularly with regard to the transfer of individual students between groups. Teachers underscored the necessity for features that would enable them to transfer students without losing previously collected results, thereby ensuring the continuity and comparability of learning data. Presently, the capacity to share entire classes with other teachers is available; however, the option to transfer individual students is not yet available.

Teachers identified the implementation of a time or progression indicator as a high priority with regard to feedback. This indicator would provide clearer feedback about students’ engagement and performance, thereby supporting formative assessment practices. Thus, teacher 2 explains, “students sometimes just don’t have an understanding of time or [..] of 5 min tests, then yes, they don’t know what’s coming up. How much longer?” (AP_A_1, Lehrkraft 2, 2/2, pos. 47, own translation).



Students’ perspectives from classroom observations

After the first survey of the needs analysis interviews some changes (such as the Levumi timeline, see Figure 3) were made on the learning platform Levumi as well as in the reading packages, which then were tested during the study of the digital reading packages for further improvements. In order to include the students’ perspective in the development process of the reading packages, the participatory observations were re-evaluated using Nokelainen’s dimensions of pedagogical usability (2006).


[image: Progress bar with seven stages, numbered one to seven. Stages one to three are highlighted in green. A purple dinosaur is between stages three and four. A checkered flag indicates the final destination.]
FIGURE 3
Levumi timeline view of student progress in Levumi’s reading packages (Gebhardt and Mühling, n.d.).


The participatory classroom observations provided detailed insights into how students engaged with the platform in practice. A recurring issue that was identified pertained to the clarity of the Levumi timeline. Many students encountered challenges in differentiating between main and sub-exercises, which occasionally resulted in disruptions to the learning process. This prompted educators to frequently intervene to clarify task structures.

From the students’ perspective, the participatory observation protocols revealed that self-descriptiveness, particularly regarding the timeline, still required improvement. Despite implementing changes based on the initial survey, the timeline’s self-descriptiveness remained unclear. While it does demonstrate students’ progress, it exclusively reflects the completion of primary exercises (see Figure 3) and does not account for the number of subsidiary exercises. For instance, Exercise 1 contains two sub-exercises, while Exercise 2 contains eight, resulting in perceived inconsistencies. Specifically, the mascot advances quickly in Exercise 1 but appears to stall in Exercise 2, causing uncertainty. These findings underscore the importance of intuitive design and clear, self-explanatory progress indicators.

The design of the reading packages provided substantial support for the notion that motivational aspects played a significant role in the learning process. Visual elements such as the mascot, illustrations, animations, and a trophy page positively influenced students, supported navigation, and stimulated engagement. Observations revealed that students frequently exhibited signs of enthusiasm in response to these elements, thereby facilitating the maintenance of concentration during extended activities.

Furthermore, the incorporation of the mascot, such as the reading dragon within the literary text and the dragon at the end holding a trophy and signaling “finished” (see Figure 4), further engaged and motivated them to complete the reading packages. However, the skip button occasionally undermined these efforts by allowing students to bypass exercises without completing them. Despite this challenge, the majority of students actively engaged with the digital reading materials and successfully completed the exercises, underscoring the motivational and learning potential of the reading packages.
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FIGURE 4
Dragon mascot with trophy signaling task completion in Levumi (Gebhardt and Mühling, n.d.).


Despite challenges during the intervention, students’ overall experience with the platform and reading packages was positive. The enjoyment expressed by the students was evident in their enthusiasm for using the platform, engaging with the reading texts, and completing the reading exercises. Their positive response to the digital tool reflects a genuine interest and appreciation for the interactive and dynamic learning environment that the digital platform provides.



Pedagogical usability of the reading packages

Pedagogical usability emerged as a central theme, with both teacher interviews and classroom observations highlighting its significant influence on how teachers and students engaged with the digital reading materials. Teachers noted that the reading packages offered materials that were differentiated and tailored to various reading levels in three different reading ability groups. The materials included literary texts and eight suitable exercises, allowing students to work at their own pace and receive individualized support. The digital materials were assessed for their potential to reduce preparation time, thereby allowing teachers to prioritize providing targeted feedback in the classroom. Furthermore, the interviews revealed areas that necessitated enhancement. Teachers suggested implementing a visual separation between the exercises and the literary texts. This approach is intended to enhance the applicability of the exercises to the students, thereby facilitating comprehension. In, addition it was recommended to provide targeted support to learners who have not yet attained the full text reading level but are engaged in the acquisition of vowels, syllables, or words.

Students particularly valued features that allowed them to repeat exercises and receive immediate, individualized feedback, such as grading their answers or second-try options. These elements not only facilitated reflection on their reading and learning but also enhanced motivation, persistence, and a sense of achievement. The pedagogical usability of the reading packages was; therefore, closely linked to both learning outcomes and students’ emotional engagement with reading.



Challenges and limitations

Despite the overall positive evaluation, several challenges and limitations became evident. Technical issues, including but not limited to unstable Wi-Fi connections and browser incompatibilities, have been known to result in data loss. This, in turn, has often compelled students to redo exercises, thereby causing frustration for both teachers and learners. These issues not only hindered effective classroom implementation but also diminished the time allotted for genuine learning activities. Furthermore, the improper usage of particular features, such as the skip button, compromised the pedagogical efficacy of specific exercises and emphasized the necessity for more stringent control mechanisms. When considered as a whole, these limitations underscore the imperative for continuous technological advancement and the judicious incorporation of pedagogical principles into the development of digital reading instruments. Addressing these challenges is imperative to ensure the reliable implementation of the platform in diverse classroom settings, particularly in inclusive education contexts.



Overall synthesis

The study demonstrated that a combination of digital reading support and formative assessment yielded substantial added value in the classroom setting. It enables educators to assess individual learning levels and adapt instruction accordingly, while empowering students to strengthen their reading skills. A comprehensive evaluation of the Levumi digital reading packages revealed that they were perceived as engaging, motivational, and conducive to differentiated learning. Teachers highlighted their potential for formative assessment and individual support, and students reported enjoyment, motivation, and a sense of accomplishment. It is imperative to note that the alignment of technical and pedagogical usability, through intuitive navigation, clear feedback mechanisms, and differentiated, motivating tasks, proved essential for successful implementation and meaningful contributions to inclusive reading instruction.




Discussion


Key findings

The objective of the study was to explore how digital inclusive reading support should be designed to increase its utilization in the classroom. The findings underscore the pivotal role of technical and pedagogical usability in determining acceptance and effective implementation. It is evident that teachers emphasized the importance of simplified navigation, efficient class management, and meaningful feedback mechanisms. Conversely, students responded positively to motivational elements such as visual design, repetition opportunities, and immediate feedback. The findings indicate that the efficacy of digital formative reading programs is contingent upon a harmonious balance between intuitive technical design and pedagogical functionality that fosters inclusive and differentiated learning.

The findings are consistent with existing research on usability and user experience. According to EN ISO 9241-11:2018-11 (2018), usability encompasses effectiveness, efficiency, and satisfaction in the use of a system. Nokelainen’s (2006) work builds upon this foundation by emphasizing pedagogical usability, a concept that encompasses didactic criteria such as comprehensibility, motivation, and alignment with learning objectives. The findings of this study demonstrate that a synthesis of both perspectives is imperative to optimize the efficacy of digital diagnostic tools. Although previous studies predominantly concentrated on technological usability (Lu et al., 2022), this study underscores the imperative of equally prioritizing pedagogical aspects.

The integration of teacher and student feedback into the design process aligns with the findings of user experience research (Law and Abrahão, 2014; Schmidt and Huang, 2022), which underscores the significance of end-users’ perceptions in technology acceptance. The participatory approach employed in this study offers empirical evidence for the role of user feedback in guiding iterative development, particularly within inclusive educational contexts. In accordance with the findings of international research on digital education tools (Estrada-Molina et al., 2022; Girdzijauskienė et al., 2022; Wammes et al., 2022), the learning platform Levumi demonstrates how technical-pedagogical usability can contribute to more accessible and motivating learning environments.



Practical implications

The results of this study carry important implications for future practice and development. Digital formative reading packages, such as those developed in Levumi, provide teachers with valuable support in assessing individual learning levels and adapting instruction accordingly. This finding aligns with national results reported by Junger and Liebers (2024), who also emphasize the diagnostic potential of digital formative tools. Concurrently, the platform provides students with engaging materials designed to cultivate motivation, persistence, and confidence in their reading abilities. This component is of particular relevance in inclusive classrooms, where the provision of differentiated support is paramount. However, the investigation also revealed several challenges. Technical issues, including unstable Wi-Fi and browser incompatibilities, impeded smooth classroom implementation and caused frustration for both teachers and students. Furthermore, the presence of features such as the skip button has been demonstrated to compromise the pedagogical effectiveness of specific tasks. From a methodological perspective, the qualitative exploratory design yielded rich and detailed insights; however, it is limited in terms of the generalizability of the findings. In future studies, the integration of quantitative measures would help substantiate the intervention’s broader impact. In summary, while the intervention demonstrated considerable potential for enhancing student engagement and enjoyment, it also revealed areas for improvement in the technical-pedagogical usability of the platform. Addressing these issues can further increase the effectiveness and user experience of such tools, ultimately supporting students’ reading development and teachers’ motivation to adopt them. The findings also reflect the adaptability and digital literacy of students and underscore the potential of digital platforms to create inclusive, engaging, and effective learning environments. The present study demonstrates the importance of close collaboration between educators and researchers in the ongoing development of digital educational tools.



Future research

Future research endeavors should delve deeper into the integration of technical and pedagogical usability in digital formative diagnostic tools. The execution of comparative studies across a variety of educational systems has the potential to yield valuable insights regarding the transferability of the Levumi approach. Furthermore, the implementation of longitudinal and mixed-method designs would facilitate a more profound comprehension of the long-term implications on student achievement and pedagogical practices. Addressing technical limitations while continuously incorporating user feedback will be essential for advancing digital tools that are both inclusive and effective in supporting reading development.




Limitations

Throughout the course of the study, both before and during the intervention, a number of limitations occurred, which inevitably impacted the research process and the depth of insights gathered. The feedback obtained from the study was primarily derived from interviews with teachers and participatory observation protocols. While these methods offered valuable perspectives, they also posed certain challenges that influenced the overall findings.

One of the primary limitations arose from the difficulty in recruiting a sufficient number of teachers, schools, and classes for interviews as well as the reading intervention study. Despite deploying various outreach strategies, such as utilizing blogs, emails, and letters, the process of persuading educators to participate proved to be challenging and yielded limited results. The ongoing impact of the COVID-19 pandemic further complicated matters, as schools and teachers were grappling with the aftermath of the disruptions caused by the health crisis, leading them to prioritize other essential obligations, including making up for missed academic assessments.

Moreover, the reluctance of some parents/guardians and students to take part in the study due to personal concerns added an additional layer of challenge to the research process. Privacy concerns, skepticism about the study’s purpose, and the potential impact on their daily routines were some of the factors that deterred certain individuals from participating fully.

Due to the limited number of interviews, further research is needed on the technical and pedagogical usability of digital learning platforms.

As schools continue to advance in their use of technology, more research is needed to promote student and teacher motivation to use digital learning platforms. Therefore, cooperation between educators and researchers must be strengthened to improve the transfer of educational practices and research.
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