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CONCEPTUAL FRAMEWORK OF THE THESIS

Keywords: Digital education, FOSS (Free and Open Source Software), parameterized
items, lower secondary mathematics, mathmentor.ro, didactic model, Moodle platform, intelligent
digital educational resources (REDI), adaptive feedback, intelligent support system (ISS).

Relevance and importance of the research topic. The transformations of contemporary
society, marked by digitalization and the knowledge economy, require a reconsideration of the
role of education and the evolution of assessment from a summative function to a formative one,
oriented toward regulating learning and developing competencies (Black & Wiliam, 2009). The
COVID-19 pandemic has highlighted both the limitations and the potential of digital education,
particularly regarding access and the quality of online assessment (Hodges et al., 2020). In this
context, the necessity of integrating digital technologies and intelligent systems into education
becomes evident in order to personalize learning and support adaptive feedback (Beldiga &
Bragaru, 2025; Hattie & Timperley, 2007; Holmes et al., 2019; Marin, 2017). The review of the
specialized literature reveals a transition from traditional assessment models focused on
measuring outcomes to modern approaches oriented toward regulating the learning process and
developing competencies. Within the field of educational sciences, assessment is recognized as
an integral component of instruction, with formative and regulatory functions (Cucos, 2008;
Potolea & Manolescu, 2005), while contemporary perspectives emphasize its interactive nature
and its alignment with teaching strategies (Bocos, 2013; Albulescu & Catalano, 2020). In
mathematics education, the focus shifts to the analysis of cognitive processes involved in problem-
solving, the use of representations, and the development of mathematical thinking (Singer, 2007),
in relation to the role of feedback and self-regulation in learning (Neacsu, 2015). In the context of
educational modernization, assessment is approached as a student-centered process focused on
competency development (Gutu & Vicol, 2014), and the integration of educational technologies
expands the functionality of formative assessment through continuous progress monitoring and
the provision of immediate feedback, contributing to the individualization of learning (Dulamd,
2020). The current state of knowledge highlights four major directions: the technological and
pedagogical foundations of educational platforms, empirical evidence regarding their impact,
implementation studies, and the critical evaluation of limitations (Capatdna et al., 2015, Astafieva
et al., 2024).

The object of the research is the formative assessment process of students in learning
mathematics, in the context of using modern educational technologies. The subject of the
research is the didactic model of formative assessment based on an intelligent support system, as
well as its associated pedagogical mechanisms, namely the use of parameterized items and

adaptive feedback in the learning process of lower secondary mathematics.
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The motivation for choosing this topic lies in its relevance for establishing the theoretical
and methodological foundations of mathematics education, with the aim of concretely
contributing to the optimization of teaching practices in the context of digital education.

The research identifies structural contradictions in the field: between traditional teaching
practices and the imperatives of digitalization; between labor market requirements and the level
of acquired competencies; between the necessity of integrating e-learning and the complexity of
curricular change; as well as between the use of technology as a tool for replicating traditional
teaching materials and its transformative potential. Consequently, a theoretical and practical gap
is highlighted in school pedagogy regarding the implementation and validation of Intelligent
Tutoring Systems (ITS) in pre-university education, particularly in mathematics.

The scientific problem consists in the existence of a discrepancy between the didactic
potential of educational support systems based on intelligent digital assessment and the low level
of their utilization in lower secondary mathematics learning, given the lack of validated
implementation models in the pre-university context of Romania and the Republic of Moldova.

This discrepancy is not merely operational, but reflects an insufficient maturation of the
conceptual and methodological framework for digital assessment in pre-university education.

The purpose of the thesis is to establish the theoretical and methodological foundation,
elaborate, and experimentally validate a didactic model of formative assessment, operationalized
through an Intelligent Support System (ISS), developed by integrating the Moodle platform with
FOSS (Free and Open Source Software) plugins and Intelligent Digital Educational Resources
(REDI), aimed at generating and automatically grading standardized assessments with adaptive
feedback, in order to accelerate lower secondary students’ acquisition of mathematical skills and
to increase teaching efficiency. To achieve this goal, the following objectives are formulated:

1. Analysis of the theoretical and methodological framework regarding formative
assessment and the use of intelligent educational support systems in mathematics teaching.

2. Comparison of the main learning management systems, in order to identify opportunities
for integrating intelligent digital assessment in secondary education.

3. Design of the didactic model of formative assessment, based on pedagogical principles
validated in the specialized literature.

4. Development of SSI, by integrating the Moodle platform with advanced FOSS plugins
and developing intelligent digital educational resources.

5. Implementation of the didactic model and SSI, by conducting a quasi-experimental study

in the real educational environment.



6. Validation of SSI, through quantitative analysis of student performance, through
psychometric indicators specific to digital assessment and through qualitative analysis of
participants' perceptions.

Research hypothesis: If lower secondary students use the intelligent support system (ISS)
implemented on the Moodle platform, which integrates intelligent digital educational resources
for formative assessment with automated feedback, then they will exhibit significant
improvements in mathematical achievement, as compared to the traditional didactic strategy.

Scientific novelty and originality focus on updating and operationalizing the concept of
formative assessment by integrating parameterized items and adaptive feedback within a didactic
model based on an intelligent support system implemented on a proprietary digital platform,
mathmentor.ro, with custom code. The proposed didactic model achieves synergy between the
pedagogical component (educational objectives, didactic strategies, assessment and learning
processes, teacher-student interactions) and the technical component (the ISS conceived as a
digital ecosystem supporting the didactic process in lower secondary mathematics, through logical
organization and orchestration of the advanced functionalities of the Moodle platform and FOSS
plugins). Methodologically, lower secondary classes are characterized by cognitive heterogeneity
and the need for individualized support, which requires systems capable of sustaining continuous
formative assessment through ITS-type systems, as differentiated strategies increase learning
efficiency by adapting content and tasks to students’ levels, and modern educational technologies
expand learning environments and facilitate the active integration of students in the educational
process (Astafieva et al., 2024; Zastinceanu, 2021).

The adopted research methodology is mixed, constructed in accordance with
international standards for experimental research, combining the IMRaD structure (Introduction,
Methods, Results, and Discussion) with the principles of Design-Based Research (DBR). The
research includes a quasi-experimental pedagogical design, structured in the stages of ascertaining
(pre-test), formative intervention, control (post-test), and re-testing, aimed at verifying short- and
medium-term retention. The methodological framework of the study is structured around three
complementary categories of methods: theoretical (scientific documentation, critical literature
review, conceptual modelling and instructional design), empirical (pedagogical experiment,
analysis of student work products and assessment of student performance) and statistical
(descriptive measures, pre—post differences, performance level distributions, Levene's test,
Student's t-test and Cohen's d), using Microsoft Excel 365 — Analysis ToolPak. The quantitative
findings are further complemented by a qualitative analysis (hermeneutic and pedagogical), based

on perception questionnaires administered to both students and teachers via Google Forms.



The theoretical significance of the research lies in the coherent integration of formative
assessment, educational feedback theory, the principle of individualized and differentiated
interventions, and digital assessment into a unified model operationalized through an intelligent
support system. The study draws upon the contributions of Black and Wiliam (1998, 2009)
regarding the role of formative assessment in regulating learning, extending them through
automated feedback mechanisms and digital assessment. Also, the research aligns with the
paradigm of computer-assisted assessment (Sangwin, 2013; Davies & Sangwin, 2024), advancing
it by introducing parameterized items and adaptive feedback within an integrated didactic
framework (Hattie & Timperley, 2007). The model operationalizes concepts from educational
psychology, such as the zone of proximal development (Vygotsky, 1978), by progressively
adapting tasks based on students’ responses, thus contributing to the transformation of the
educational process in the digital environment.

The applied value of the research is demonstrated through the development of digital
courses implemented on three Moodle platforms (USM, CEITI, mathmentor.ro), used in various
real learning contexts. A key element of this applied value is represented by the methodological
guides (for teachers and students), which facilitate technology transfer and the direct use of the
system in practice. The implementation and validation of the research results (ISS) have been
carried out in educational institutions in Romania and the Republic of Moldova. Curricular
integration is evidenced by the development and official endorsement of elective courses at the
discretion of schools, confirming the pedagogical relevance of the system. The adaptable nature
of the ISS is supported by its involvement in the RO-MD transfer project, while its originality is
demonstrated by the development of the author’s website mathmentor.ro. Implementation also
includes activities dedicated to students with special educational needs and those with high
potential for school competitions, thereby highlighting the system’s impact on both educational
inclusion and school performance.

The research results have been validated through three articles published in international
journals indexed in databases (one article in WOS, ESCI, IF 0.5, Q4; one in EBSCO; one
published in proceedings of international conferences indexed in WOS ISl), three articles in
national journals (two category B and one category C), participation in 24 scientific events, the
majority of which were international, five medals at invention exhibitions, and intellectual
property rights (AGEPI).

Overall, the research presents a coherent path from identifying the scientific problem to
developing, implementing, validating, and transferring intelligent support systems in mathematics
assessment, which optimizes learning, enhances evaluation objectivity and teaching efficiency,
and aligns education with the needs of the digital society.
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CONTENT OF THE THESIS
1. Theoretical foundation of intelligent educational support systems

Chapter 1 contains a synthesis of studies in digital education conducted prior to this thesis,
highlighting the importance of the transition from traditional, product-centered assessment to
formative, continuous, and personalized assessment supported by digital technologies. This shift
enables the acceleration of school achievement development in comparison to traditional didactic
strategies.

A critical analysis of the specialized literature reveals the limitations of current e-learning,
particularly in the assessment of mathematics: the inability of classical digital tools to evaluate
symbolic reasoning, the lack of personalized feedback, and the vulnerability of assessments based
on static items, which increases the risk of academic dishonesty (Noorbehbahani et al., 2022). In
this context, intelligent support systems are defined as educational solutions capable of facilitating
individualized learning and formative assessment through differentiated feedback (Son, 2024;
VanLehn, 2011). A central role is played by the integration of the Moodle platform with advanced
plugins such as STACK, which enables the automatic evaluation of symbolic responses through
the use of PRT trees, and CAS systems, which extend assessment from merely verifying the final
result to diagnosing the cognitive process (Davies & Sangwin, 2024; Jungic et al., 2012).
Parameterized items support varied practice, contributing to the development of mathematical
metacognition and increasing the validity of assessment (Branoaea, 2025f; Sangwin, 2013). The
synthesis of empirical studies indicates consistently positive educational effects of intelligent
assessment systems (d = 0.47), exceeding the threshold of practical significance (Hattie &
Timperley, 2007). These benefits include increased student engagement, greater efficiency in
teachers’ time management, and improved formative performance (Lowe, 2020; Sangwin, 2013).
However, the impact is conditioned by the quality of pedagogical design, teacher training, and
appropriate curricular integration (Son, 2024; VanLehn, 2011). The reviewed literature highlights
the predominance of university-level studies, the lack of longitudinal research at the lower
secondary level, insufficient psychometric calibration of items, and dependence on technological
infrastructure and institutional support (Astafieva et al., 2024; Castro et al., 2024). Furthermore,
the need to develop teachers’ digital competencies and to create collaborative item banks for the
effective integration of technology into teaching activities is emphasized (Holmes et al., 2019).
The analysis of the educational context in Romania and the Republic of Moldova reveals systemic
issues such as the low level of mathematical competence (OECD, 2025), teacher overload with
assessment tasks (Romanian Ministry of Education, 2024), inequalities in access to digital

resources, and insufficient digital skills (Frontiers in Education, 2024).



The comparative analysis of the main learning management systems (LMS) highlights
significant differences regarding their pedagogical suitability for automated, personalized, and
process-oriented formative assessment. Generalist LMS platforms offer effective organizational
and collaborative support, but exhibit limitations in advanced mathematics assessment. The
analysis includes both proprietary cloud-based or commercial platforms (Google Classroom and
Schoology) and open-source solutions (Moodle), with the classification being based on the
development model and the possibilities for customizing educational functionalities. Commercial
automated mathematics assessment systems offer advanced functionalities, but their accessibility
is limited by cost and technical complexity, which restricts their applicability in pre-university
education (Branoaea, 2023). In contrast, Moodle stands out due to its open-source nature,
scalability, and interoperability, as well as its flexibility, modular architecture, and the possibility
of integrating specialized plugins for symbolic assessment and parameterized item generation.
This makes Moodle a suitable infrastructure for advanced mathematical assessment, despite the
associated technical requirements (Moodle Stats, 2025). The pedagogical foundation of the
platform, based on social constructionism, supports active, collaborative, and reflective learning,
in line with the requirements of modern formative assessment (Laurillard, 2012).

Infrastructure and organizational constraints specific to pre-university education in
Romania—particularly the lack of institutional implementation of the Moodle platform, absence
of dedicated servers, and lack of specialized technical support—Iimit the direct application of
advanced LMS solutions. To integrate advanced symbolic assessment functionalities and test
parameterized items such as those offered by STACK, the Moodle USM platform is used,
benefiting from existing infrastructure and specialized technical support. In parallel, the thesis
proposes an original solution, materialized through the development of a proprietary educational
platform, mathmentor.ro, designed as an independent environment for delivering intelligent
digital educational resources.

The typology of items used in digital mathematics assessment reflects a classification
based on the degree of automation and cognitive complexity. Correlating item types with the
levels of Bloom’s taxonomy ensures the construct validity of the assessment and allows for the
design of didactic tasks that are progressively adapted to students’ cognitive levels, ranging from
recognition and application to analysis and synthesis (Anderson & Krathwohl, 2001).

The modeling of parameterized items relies on the use of random variables for the
automatic generation of curricular-equivalent tasks, contributing to the individualization of
assessment, reducing the risk of academic dishonesty, and increasing the sustainability of digital

assessment (Sangwin, 2013).



The integration of advanced plugins is essential for extending the evaluative capacities of
standard items. Among these, STACK stands out through its symbolic assessment capabilities,
advanced parameterization, allocation of partial credit, and contextualized feedback based on the
potential response tree (PRT) (Davies & Sangwin, 2024).

The intelligent support system is conceptualized as an integrated digital educational
ecosystem, built on a modular, open, and interoperable architecture, oriented towards optimizing
the teaching—learning—assessment process in mathematics. The originality of this approach lies in
the coherent integration of various technological, pedagogical, and methodological components
into a unified, scalable, and reproducible functional system, capable of generating emergent
properties superior to the independent operation of each component (Branoaea, 2023; 2025d;
2026b). The ISS operationalizes a complete digital assessment workflow: design — generation
— experimental application — feedback — analysis — validation.

Structurally, the ISS is organized into five interdependent functional levels: Moodle
infrastructure (providing course, test, and reporting management); mathematical intelligence
(plugins such as STACK, WIRIS, Formulas, H5P, enabling symbolic assessment, parameterized
items, and adaptive feedback); the IDER library, structured by grade, domain, and difficulty level,
including items, tests, and interactive resources; interoperability and automation through GIFT
and XML formats for efficient item generation and transfer; and the web infrastructure
materialized through the development of the author’s website, mathmentor.ro.

A digital educational resource attains the status of “intelligent” when it cumulatively
fulfills pedagogical, formative, and analytical functions. Thus, such resources support assisted
teaching through individualized engagement with theoretical materials and thematic glossaries,
active learning through the application of knowledge in interactive contexts with immediate
feedback (Branoaea et al., 2025, Castro et al., 2024), automated assessment through response
validation and stage-based scoring (Black & Wiliam, 2009; Davies & Sangwin, 2024), as well as
personalized remediation through adaptive feedback and resource recommendations based on
identified errors (Astafieva et al., 2024). According to context, IDER provides four types of
feedback: informative—offering only a short "correct/incorrect” message and raw scores;
explanatory—indicating errors and providing procedural feedback; diagnostic—identifying
conceptual gaps and recommending remediation resources; and predictive—using learning
analytics data to anticipate performance and support pedagogical decision-making (Black &
Wiliam, 2009).

The educational innovation brought by IDER and the justification for its conformity with
modern trends and best practice recommendations are illustrated in Table 1.1, which presents the

system’s fundamental characteristics and their correlation with current didactic tasks.
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Table 1.1. Characteristics of IDER and their didactic roles

No. Characteristic Didactic role
1 Parameterized Each item complies with the official school curriculum, with
standardization numerical variables generated randomly, maintaining curricular

equivalence at the level of assessed competence (Sangwin, 2013).
2 Unlimited repeated use | Items can be reused indefinitely without losing statistical

without degradation discrimination power, due to the automated generation of random
numerical values (Wiley & Hilton, 2018).

3 Equity through unique | Each student receives a unique version of the assessment, thereby

variants eliminating the risk of cheating and ensuring equitable evaluation
conditions (Bragaru et al., 2026).
4 Adaptive symbolic STACK analyzes the student’s expression step-by-step and returns
feedback differentiated messages according to error type (Sangwin, 2013).
5 Integrated educational Response data, working time, and remediation pathways are
analytics automatically stored in Moodle, supporting evidence-based

pedagogical decisions (Sangwin, 2013).

6 Disciplinary scalability | The parametric model can be extended to other STEM areas as long

as an evaluable symbolic formalism exists (Bragaru & Arnaut, 2017).
7 Didactic efficiency Grading and reporting are automated, allowing the teacher to focus on
the roles of designer and mentor, rather than manual evaluator

(OECD, 2022; Bragaru et al., 2026).

8 Open technological IDER is based on Moodle + STACK, allowing free installation and
compatibility interoperability through the Moodle XML format (Sangwin, 2013;
Bragaru & Arnaut, 2017).

The design of IDER is grounded in established pedagogical paradigms that support both

the validation of the learning process and the optimization of didactic interventions. Pedagogical
constructivism emphasizes the role of active interaction and reflection on errors in the
construction of knowledge (Laurillard, 2012); automated formative assessment aims at the
continuous regulation of learning through constant feedback (Davies & Sangwin, 2024); digital
adaptive pedagogy highlights the role of technology as an active mediator of learning (Holmes et
al., 2019); and personalized education is facilitated through parameterized items and
individualized learning pathways (Branoaea, 2025f). IDER distinguishes itself from classical
OERs (Astafieva et al., 2024) and linear e-learning tools, as it combines standardization (through
direct alignment with the school curriculum) with personalization (an individual item for each
student, based on a unique task), and analytics (detailed reporting for the teacher), thus
constituting a sustainable model for mathematics assessment at the lower secondary level
(Branoaea, 2025d).

In conclusion, Chapter 1 defines the conceptual framework of the research and lays the
foundation for Chapter 2, which describes the practical implementation of the didactic model and
the design, development, and integration of the ISS as a tool to support effective teaching,
learning, and assessment in mathematics.

2. Pedagogical and technological development of the Intelligent Support System

Chapter 2 describes the process of designing, developing, and implementing the Intelligent
Support System (ISS) as a didactic tool that supports the teaching—learning—assessment process.

9



The ISS is capable of generating and evaluating parameterized mathematical items, providing
stepwise and personalized feedback, and supplying relevant data to inform pedagogical decisions.
The developed didactic model is grounded in a set of pedagogical principles for
mathematics instruction, validated in the specialized literature, and in the potential of advanced
educational technologies. The model is operationalized through the ISS, which functions as a
mediating environment between curricular content, educational actors, and assessment processes:
o Continuous formative assessment, defined as a process in which data about learning
progress are used to regulate didactic activities in real time (Black & Wiliam, 2009; Hattie

& Timperley, 2007);

« Individualization and differentiation of instruction, by adjusting content and methods to
meet students’ specific needs (Anderson & Krathwohl, 2001; Cao, 2022; Vygotsky, 1978);

o Immediate and specific feedback, essential for developing self-regulation and fostering
learning progress, facilitates the transition from the current to the desired level of
performance (Black & Wiliam, 1998; Hattie & Timperley, 2007);

« Varied practice, achieved through parameterized items that provide multiple repetitions
and application contexts for competencies (Sangwin, 2013; Barana et al., 2021;
Branoaea, 2025f),

« Evaluative equity, understood as the standardization of assessment criteria and instruments
to ensure consistency and comparability of results within a formal framework (Black &
Wiliam, 1998; Redecker & Johannessen, 2013).

The didactic model aligns contemporary mathematics education approaches with Bloom’s
revised taxonomy (Anderson & Krathwohl, 2001), in which learning is conceived as a progressive
process of competency development, from understanding and application to analysis and
evaluation. In this context, assessment goes beyond a focus on final outcomes and is oriented
toward the cognitive processes involved in mathematical activity, becoming an instrument for
continuous diagnosis and regulation of learning (Singer et al., 2015). Consequently, IDER is
designed to activate different cognitive levels, requiring not only the application of procedures
but also the interpretation, selection of strategies, and justification of the mathematical approach,
with the aim of fostering deep understanding. This approach is supported by the problem-solving
framework, which structures mathematical activity into stages from understanding the task and
application to analysis and evaluation (Singer & Voica, 2013).

From a conceptual perspective, the model aligns with the paradigm of technology-assisted
learning, in which digital systems not only deliver content but also support personalization, self-
regulation of learning, and error analysis through automated assessment and contextualized
feedback (Laurillard, 2012; Holmes et al., 2019). The model’s structure is organized into four
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interdependent components: didactic objectives, teaching—learning—assessment strategies,
formative assessment, and educational actors. Within this operational flow, the teacher assumes
the role of designer and analyst of the educational process, while the student becomes an active
and autonomous participant in learning. The model functions cyclically and self-regulates, based
on the sequence: task generation — problem solving — automated assessment — adaptive
feedback — regulation — repetition, which allows for the continuous optimization of learning
and

The research methodology is grounded in the paradigm of the educational sciences,
employing a mixed-methods approach (quantitative and qualitative) integrated within the IMRaD
structure and operationalized through the principles of Design-Based Research (DBR), which
enables coherent articulation of both theoretical and applied dimensions. The IMRaD framework
is adapted to the specifics of educational research: the Introduction includes a critical analysis of
digital assessment practices and the rationale for the ISS; Methods describe the DBR design, the
ISS architecture, instruments, and data collection stages; Results integrate quantitative analyses
(performance, statistical indicators) and qualitative analyses (errors, learning behaviors); and
Discussion interprets the results in relation to the literature, highlighting the implications and
limitations of the model. The DBR methodology is operationalized through an iterative process:
analysis of the educational context — design of the ISS and IDER — implementation in real
contexts — evaluation and iterative revision — formulation of theoretical and practical
contributions. This process supports the ecological validity and applied nature of the research
(Design-Based Research Collective, 2003). To avoid potential methodological interferences
between the iterative nature of DBR and the stability requirements specific to the quasi-
experimental design, the two approaches were articulated sequentially in the research. Thus, the
DBR methodology was used in the preliminary stages of analysis, design, development and
piloting of the ISS and the associated REDI, during which iterative adjustments were made based
on pedagogical and technical feedback. Subsequently, in the experimental validation stage, the
quasi-experimental design with experimental group and control group was applied, using a
stabilized version of the SSI, maintained constant throughout the entire period of pre-test
administration, pedagogical intervention and post-test, in order to ensure the internal validity of
the results.

The research adopts a quasi-experimental design, comparing an experimental group (129
students) with a control group (123 students), both drawn from parallel classes within the same
institution. Sample selection aimed to ensure internal validity by controlling confounding
variables and verifying group homogeneity using baseline tests, including Student’s t-test for

mean differences and Levene’s test for equality of variances, confirming initial statistical
11



comparability. Students were initially classified into three competence levels based on diagnostic
tests: low level (below 6), medium level (6-7.99), and high level (8-10), in order to differentiate
pedagogical interventions and personalize learning tasks.

The formative intervention was applied to the experimental group through the use of the
ISS based on REDI, integrated into the Moodle platform, while the control group followed a
traditional didactic approach without intelligent digital resources. The experimental/factor
variable is represented by the use of IDER within the ISS, the dependent variable is students’
mathematical performance, and the independent variables include the national curriculum,
calendar planning, learning environment, lesson structure, classical teaching methods, and
students’ initial preparedness. The effects of the intervention were measured by the average score
of each lower secondary class to quantify progress (post-test — pre-test) and retention (re-test —
pre-test), as well as by the percentage distribution of grades across intervals (1-5.99; 6-7.99; 8-
10) to identify performance dynamics resulting from the use of REDI.

The quantitative (positivist) component aims to objectively evaluate the effects of the
intervention through pedagogical experimentation, standardized tests, statistical indicators, and
analysis of data from the Moodle platform. The qualitative (interpretative) component investigates
learning experiences, error patterns, and user perceptions through observation, questionnaires, and
contextual analysis.

Methodological triangulation enables the correlation of quantitative and qualitative data
and explains the effects of the intervention at both the impact and pedagogical mechanism levels.
The research methodology fully complies with GDPR principles: data collection was conducted
based on informed consent from students and parents, and the data are securely stored, accessible
only to authorized users, anonymized, and used exclusively for scientific purposes.

Development of the Intelligent Support System

Within the present research, the development, implementation, testing, and validation of
ISS were conducted through the prototype electronic course ‘“Matematica Gimnazialda Bacau”
(Branoaea & Bragaru, 2025b). In the context of the lack of Moodle implementations in Romanian
pre-university education, the mathmentor.ro platform was developed as a proprietary solution,
fully administered by the author with root privileges on the server. The implementation followed
a strategy based on FOSS principles and the classic LAMP architecture (Linux, Apache,
MariaDB, PHP), using Ubuntu 22.04 LTS on a dedicated VPS with configured hardware
resources (2 vCPU, 4 GB RAM, 40 GB SSD, static IP). Administration and development were
carried out using MobaXterm, which enabled complete server management (SSH, SFTP, terminal,
text editor, X11). Moodle 4.1 LTS was installed manually, with configuration of the MariaDB
database, storage directory, and config.php file. The graphical interface was customized using the
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Moove theme and SCSS modifications, and functionality was extended with open-source plugins
for assessment. Security was ensured through HTTPS (Let’s Encrypt), firewall, automated
backups, and the application of OWASP methodology (input validation, session protection,
prevention of XSS and SQL injection). Email communication uses secure SMTP, and all
components were tested and documented. The mathmentor.ro domain is officially registered and
linked to its own cloud infrastructure, integrating interdependent components in a continuous

improvement cycle, as summarized in Figure 2.1.

' v ¢ .5 N
WEB INFRASTRUCTURE METHODOLOGICAL FRAMEWORK
mathmentor.ro e o
Hosting (Hetzner GmbH) star(gu es,lstu ents/teachers
LAMP: Linux, Apache, MariaDB, PHP Opinion polling
HTTPS Security (Let's Encrypt) GDPR
Automated Notifications (SMTP) Didactic modef
- > - o
L J
v ¥
( . W 8 ( )
MATHEMATICAL INTEROPERABILITY USER INTERFACE IDER LIBRARY
INTELLIGENCE COMPONENT FORMATS
Thoodl o
STACK + Maxima GIFT ocodqie o—y
WIRIS Qui R Discussion forum Theoretical PDF files
uizzes Moocdle XML ; -
- . Cla terns and metenzed ite
9  (moortiexport Rerms, cowses) b Course “School Mathematics > (}5515;:; ems and parametenzed items
Formulas Participants (students, teachars, parents)
STACK Practice and summative tests
GooGebra (STACK item format) Test bank
Message inbox Educational games
MBZ y :
H5P (Moodle course backup) Reports External interactive resources
- -’ \ l » - >
QUTPUT ~ CONTINUOUS IMPROVEMENT LOOP
— Evaluation — Data —p FRevewolltems o Improvementof __y, New IDER
results analysis and resources IDER and tests versions

Figure 2.1. Architecture of the Intelligent Support System

The development of IDER was carried out through a logical sequence of stages, starting
from the analysis of the lower secondary curriculum and the organization of content into problem
families, which group tasks according to competencies and types of mathematical reasoning. The
formation of mathematical modeling competence requires the integration of content into a
coherent logical-didactic framework, oriented toward applicability and transfer (Sali, Cozma &
lonel, 2025). Following the curriculum analysis, 10 problem families were identified in Algebra
and 6 in Geometry, thus ensuring comprehensive coverage of the lower secondary mathematics
curriculum. Each family is associated with a set of common mathematical concepts, similar
solving strategies, the possibility of algorithmic parameterization, and gradual structuring by
levels of difficulty—all hosted on the mathmentor.ro website. The curricular alignment of
mathematical content between Romania and the Republic of Moldova is regulated by official
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curricular documents (MEN RO, 2017; MECC MD, 2020) and highlights a significant
compatibility of the fundamental content areas, with differences arising only in the chronological
distribution of certain subtopics. All materials (theoretical notes, items, tests) bear explicit titles
indicating the name of the learning unit and numerical codes, which facilitates rapid identification
regardless of the country.

The development of items for import into Moodle is accomplished through a structured
process of generation, standardization, and interoperability, based on the use of GIFT, Moodle
XML, and STACK formats, depending on the type of assessment and the level of cognitive
complexity. The process includes three main workflows: (1) direct creation in Moodle with
export/import via XML or backup (.mbz); (2) the use of templates and copying of existing items
for reuse and adaptation; and (3) offline development of items in text format (GIFT) with
subsequent import into the question bank, enabling the rapid production of large volumes of
standardized items (Branoaea, 2026a).

The organization of the item bank (BDI) aims to construct a hierarchical, coherent, and
extensible system, based on thematic categories/collections with standardized item identifier
coding, which ensures curricular transparency, intuitive navigation, and efficient management of
assessment within the ISS. To this end, a hierarchical positional coding scheme was developed
and applied, facilitating rapid positioning, filtering, and use of items according to multiple didactic
criteria. Thus, each item code fulfills a dual role: unique identifier and standardized name,
ensuring consistency between the conceptual database and technical implementation on the
platform. The positions of the hierarchical code have the following significance: first position —
grade level (5, 6, 7, 8); second position — mathematical domain (A = Algebra, G = Geometry);
third position — unit number within the domain; fourth position — Moodle question type (e.g.,
STACK, Calculated, Cloze, Numeric, Matching, etc.); fifth position — difficulty level (1 = basic,
2 = intermediate, 3 = advanced); sixth position — item sequence number within the category. For
example, 7_A 1 STACK nivel2_01 represents an item for 7th grade, Algebra, first educational
unit, STACK type, intermediate difficulty (=2), the first in its category.

The analysis of the workflow for using the intelligent support system in the educational
process highlights the functional interaction between educational actors, intelligent digital
resources, assessment processes, and the analysis of results. The proposed model aims to achieve
a process of self-regulated, adaptive, and student-centered learning, supported by continuous
assessment, analysis of results, and constructive feedback. Figure 2.2 highlights the functional
architecture and the sequence of stages through which students and teachers interact with the
Intelligent Support System, developed on the Moodle platform and extended through open-source
plugins that facilitated the creation of intelligent digital educational resources.
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Figure 2.2. Workflow of the Intelligent Support System

The flow of ISS usage is organized differently for the two main categories of users:
students and teachers. Initially, both students and teachers are provided with dedicated user guides
(‘'User Guide for Students' and 'User Guide for Teachers'), which facilitate familiarization with the
ISS structure and ensure autonomous use of the system from the very first interaction with the
platform. The ISS acts as the functional core that coordinates resource management, user access,
distribution of educational content, assessment administration, and the collection of data regarding
student progress. Integrated within the system, IDER is designed to support the teaching—
learning—assessment process in an adaptive and interactive manner. The IDER library includes: 3
thematic glossaries, 28 theoretical folders, 12 external interactive resources, 20 Moodle games, 8
H5P activities, 755 assessment items (over 51% parameterized items), and 35 tests for basic
thematic assessment (with multiple repetitions), as well as adaptive digital summative assessment.
This structure enables both the consolidation of fundamental mathematical knowledge and the
personalization of educational pathways according to each student’s level and learning pace. The
workflow for using the ISS is differentiated for the two main user categories: students and
teachers.

The student accesses the system via the “Student Account,” where they engage in
activities focused on motivation, practice, and the consolidation of mathematical competencies.
By accessing REDI, the student interacts with theoretical resources, interactive activities,
educational games, and parameterized tests, in a process of self-regulated learning. The self-
regulated nature of learning is evidenced by the student’s ability to progress through content at

their own pace, repeat activities, and receive immediate feedback on performance.
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After the learning phase, the student participates in the assessment process via tests.
Assessment serves both formative and summative purposes, supported by parameterized items
that enable the automatic generation of different exercise variants, minimizing rote memorization
and stimulating authentic mathematical thinking. Results are centralized and interpreted through
the Moodle Analytics component, which monitors student progress, performance levels, and
difficulties encountered. Data analysis leads to the formulation of positive and constructive
feedback, serving motivational and self-regulatory functions. Thus, the student is encouraged to
continue the learning process, improve performance, and develop autonomy in study.

The teacher uses the system through the “Teacher Account,” fulfilling complementary
roles in teaching, mentoring, monitoring student progress, and adapting instructional strategies
for remediation or advancement. The teacher can select, adapt, and organize IDER according to
instructional objectives and the specific characteristics of the student cohort.

Digital educational activities within the ISS are supported by the integration of interactive
tools such as thematic glossaries and Moodle educational games, which facilitate various learning
modalities (collaborative, e-learning, blended learning, m-learning, etc.), providing students with
continuous access to resources and immediate feedback (Holmes et al., 2019; Braicov & Bibic,
2023). The HTML5 package is an open-source software framework that allows for the creation,
editing, and repeated use of interactive educational content directly within e-learning platforms,
including Moodle, without requiring advanced programming knowledge. Moodle glossaries
organize mathematical content conceptually into three major domains: Algebra, Plane Geometry,
and Spatial Geometry, while the educational games included in the digital course are designed as
interactive, game-based learning resources. These activities aim to reinforce mathematical
vocabulary and conceptual recognition, supporting the development of scientific communication
skills and precision in the use of mathematical language (Branoaea et al., 2026). Crossword
games are built upon the glossaries, while the “Millionaire” game can be generated either from
BDI items with a single correct answer or from thematic tests, including parameterized items. The
number of possible different combinations for a short-answer matching item generated randomly
from n variants taken k at a time is determined by the formula: C(n, k) = n!/(k!(n-k)!). The number
of item combinations is sufficiently large to counteract answer sharing and rote memorization
(Bragaru et al., 2026). The main goal of the e-test battery is to comprehensively assess students’
performance levels in the fundamental domains of lower secondary mathematics—algebra, plane
and spatial geometry—by simultaneously verifying theoretical knowledge, algorithmic
competencies, and the ability to apply concepts in varied contexts (Branoaea, 2025f; Cao, 2022).

The test battery is designed as a dynamic pedagogical tool, supporting progressive
learning, stimulating logical thinking, and ensuring equitable, reproducible, and cognitively
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differentiated assessment. It is based on the diversity and complementarity of assessment tasks,
controlled randomization of numerical values, and the logical structuring of items by difficulty
level (Branoaea, 2025a; Black & Wiliam, 2009). Overall, the battery includes 35 e-tests,
distributed as follows: Grade 5: 11 tests; Grade 6: 10 tests; Grade 7: 6 tests; Grade 8: 8 tests. By
assessment type, 20 tests (=57%) are assessment (summative or competency verification) tests, 9
tests (=26%) are practice tests, and 6 tests (=17%) are consolidation tests. Each e-test is structured
into three levels: Level | — classic, low-complexity items for grades 5-6; Level Il — classic or
numeric, medium-complexity items for grades 7-8; and Level 111 — high-complexity items of the
Calculated or STACK&WIRIS type, for grades 9-10. A distinctive feature of this battery is the
100% parameterized tests, which allow for the automatic generation of an unlimited number of
variants, ensuring equity, reduced risk of fraud, and a personalized learning process. Of the 35 e-
tests, 12 tests (34%) contain exclusively parameterized items. The 100% parameterized tests are
designed to ensure uniqueness, automatic grading, adaptability, and pedagogical relevance. Only
two types of digital items integrated into Moodle are used: Calculated and STACK, each with
specific assessment functionalities, providing every student with a personalized, objective, and
user-friendly testing experience. An essential component is the “Set Parameters — Generate Tests”
feature, which allows the level of difficulty to be adapted to students’ actual needs, thereby
supporting differentiated instruction and individualization, and increasing the efficiency of
didactic activity.

The data resulting from assessments is extracted from Moodle Analytics, processed in MS
Excel, and interpreted at both individual and group levels. This process facilitates continuous
resource improvement, identification of learning gaps, and early pedagogical intervention. The
ISS usage workflow concludes with the completion of opinion questionnaires aimed at identifying
users’ perceived satisfaction levels. In this way, the ISS functions as an intelligent educational
environment, capable of optimizing the acquisition of mathematical competencies by lower
secondary students and supporting teachers’ work through modern tools for personalization and
educational analytics.

Cost-benefit analysis of 1SS implementation in a typical lower secondary school

The cost—benefit analysis evaluates the efficiency of ISS implementation by comparing
initial and operational costs to the educational and institutional benefits obtained over a five-year
horizon, applying a discount rate of 3% in accordance with OECD (2025) recommendations.

The model contrasts the main dysfunctions of traditional assessment (fraud and copying,
time-consuming grading, delayed feedback, lack of personalization, and recurring logistical costs)
with the digital solutions provided by the ISS, which are based on parameterized items, automated
grading, adaptive feedback, and dynamic test generation. The results indicate that the estimated
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initial investment is gradually offset by a significant reduction in operational costs and increased
efficiency in assessment processes. The main benefits include reduced grading time, elimination
of costs associated with paper-based assessment, increased objectivity and fairness of evaluation,
and support for personalized learning through immediate and adaptive feedback. The analysis
suggests a favorable cost—benefit ratio (ROl > 1), meaning that the estimated educational and
institutional benefits exceed the costs of implementing and operating the system, and the initial
investment can be recovered within a relatively short period of approximately 3-5 years,
depending on the degree of institutional adoption and system usage. It is noted that a
comprehensive and fully validated economic evaluation would require the involvement of
specialists in educational economics, public policy analysis, and project management, to refine
assumptions, validate cost models, and calibrate long-term benefits. In this respect, the present
analysis is indicative and exploratory, appropriate for the aims of the doctoral research and the
conceptual foundation of ISS implementation.

Overall, Chapter 2 focuses on the design and development of the didactic model based on
the ISS, coherently integrating the pedagogical and technological dimensions to support
automated formative assessment through parameterized items, adaptive feedback, and educational
analytics.

The organization of the item bank (BDI), the curricular alignment between Romania and
Moldova, and the practical implementation on the USM, CEITI, and mathmentor.ro platforms
confirm the applied nature of the system, while the cost-benefit analysis highlights the
sustainability and feasibility of scaling ISS to typical lower secondary schools.

3. Validation of the Intelligent Support System in lower secondary education

Chapter 3 aims to evaluate the 1SS as a support tool for learning and assessing mathematics
and to validate it through a controlled pedagogical experiment designed for the comparative
analysis of the effectiveness of using IDER in relation to traditional assessment methods.

The implementation of the Intelligent Support System (ISS) was carried out through an
elective course, “Mathematics through Digital Games,” during the 2024-2025 school year, in
class VIII B at Secondary School No. 10 Bacau. The system is being experimentally extended to
grades V, VI, and VII through an in-depth curriculum chosen by the school and approved by the
Bacau County School Inspectorate, structured as an additional weekly hour dedicated to advanced
mathematics.

Specifically, the final month of the 2024-2025 school year was allocated exclusively to
the use of Intelligent Digital Educational Resources (IDER) on the mathmentor.ro platform and
digital assessment. The formative activity involved initial training, a diagnostic test, five thematic
modules with interactive exercises, adaptive feedback, educational games, and a final assessment,
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enabling the monitoring of student progress in a gradual and controlled environment. The conduct
of the pedagogical experiment included both internal and external analyses to evaluate the impact
of the intelligent support system on students’ academic performance.

The internal (intra-subject) comparison was conducted by analyzing the performance
of the same group of students from the experimental classes using tests with similar curricular
objectives but different formats: traditional (paper-based) and digital (via IDER).

The evolution of the grades of students in the experimental classes, on both traditional tests and

IDER tests, from pre-test to post-test across numerical intervals, can be seen in Figure 3.1.
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Figure 3.1. Evolution of students’ grades across numerical intervals
In all experimental lower secondary classes (grades V-VIII), a shift was observed in
results from the low-performance range (below 6) toward the medium and higher intervals after
exposure to digital assessment supported by the ISS.
Figure 3.2 presents the evolution of average scores on summative tests for each
experimental class in the lower secondary cycle, in two distinct contexts: traditional testing versus

digital testing.
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Figure 3.2. Internal comparison (traditional vs. IDER) from pre-test to post-test
Based on the data summarized in Figure 3.2, it can be observed that, for all analyzed grade

levels, student performance is superior in the digital IDER variant compared to traditional testing.

Even in cases where the differences are smaller in absolute terms (e.g., Grade V: +0.05; Grade

VII: +0.06), the increase is consistent and stable, indicating a clear trend of progress associated

with the digital intervention. An essential factor explaining differences in progress between

classes is the heterogeneous composition of the groups, especially in Grade V A, which includes
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students with special educational needs and specific learning disorders, naturally influencing the
class average values. Another relevant aspect concerns students capable of high mathematical
performance, such as one from Grade VI, who was awarded a gold medal at the 2025 online
national competition CampioMATE (Romania), reflecting accelerated progress in mathematics
learning through the use of IDER. This intra-subject approach isolated the added value of IDER
by maintaining constant pedagogical variables (teacher, planning, content, teaching style, and
pace). The findings reveal an approximately 10% increase in the experimental group’s average
performance between pre-test and post-test, associated with IDER use.

An essential contribution to the empirical validation of ISS effectiveness is the analysis of
the experimental group students’ performance during the re-testing phase. This stage played a
strategic role in assessing the retention and stability of mathematical achievements acquired
through the use of IDER on Moodle. After completing the experimental phase in the 2024-2025
school year, students in the experimental group benefited from a vacation period without formal
activities, followed by a gradual reintegration into the learning process through digitally assisted
interactive review sessions. In this context, the tests administered during the re-test phase
(September 2025) were identical to those used in the post-test (June 2025), thus allowing for the
verification of retention after a break in experimental activities. The results demonstrate that, in
all lower secondary classes subjected to re-testing, performance levels remained higher than the
initial baseline (pre-test), even after the vacation period, confirming a high degree of stability
between the post-test and re-test stages, with statistically insignificant decreases (on average
below 0.2 points). This indicates robust cognitive retention and confirms the lasting formative
effect of the system. In the case of the eighth grade, the re-test phase was not conducted, as these
students completed lower secondary education in June 2025 and transitioned to upper secondary
education.

The external comparison (inter-subject: experimental group vs. control group) provides
an objective framework for validating the effectiveness of the ISS, since both samples were
statistically equivalent before the pedagogical experiment and studied the same learning units,
with the only difference being the instructional method (digital vs. traditional).

The statistical comparison was conducted using Levene’s test to assess the homogeneity
of variances, followed by the independent samples t-test. Effect size was quantified using Cohen’s
d. At pre-test, the results confirm the statistical equivalence of the groups (p = 0.63-0.87, d = 0),
thereby validating the experimental design. In the post-test, the experimental group exhibited
higher mean scores across all analyzed grades, with small to moderate effect sizes (d = 0.19-0.54),
reaching statistical significance in the eighth grade (t(62) = 2.18, p = 0.03). Figure 3.3 illustrates
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the external comparison between the control and experimental groups for each lower secondary

class, regarding the evolution of average scores across all summative assessments.

wee Control Group - Experimental Group
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Figure 3.3. External comparison from pre-test to post-test
The comparative results indicate the following progress differences achieved by the

experimental group relative to the control group: Grade V —+0.37 points, Grade VI —+0.16 points,
Grade VII — +0.31 points, and Grade VIII — +0.75 points. The weighted arithmetic mean of these
values, calculated according to the number of students in each class, indicates an overall difference
of +0.47 points out of 10 in favor of the experimental group. This confirms that IDER generated
an average increase of approximately 5% in overall performance compared to the traditional
approach. The integration of IDER did not exclude the traditional component, but rather enhanced
it, confirming that a correctly implemented digital intervention, adapted to age and content, leads
to improved academic performance when strategically integrated into the learning process.

The analysis of arithmetic means of the two samples, corroborated with the analysis by
scoring intervals and grade distributions, highlights a clear trend of progress in the experimental
sample, with a consistent increase in performance both relative to its own baseline (pre-test) and
in comparison to the control group results.

Validation of the ISS based on Moodle reports

Validation of the ISS using Moodle reports provides complementary information
regarding measurement stability, conceptual homogeneity of tests, and the accuracy of automated
grading. Comparative analysis of statistical indicators such as mean score, standard deviation,
skewness, kurtosis, internal consistency coefficient, and standard error allows for a rigorous
quantitative validation of the system’s functionality and didactic quality. The cumulative analysis
demonstrates that the system succeeded in maintaining a balance between difficulty,
discrimination, and individual progress, thus ensuring the conditions for genuine formative
assessment.

Parameterized items of the Calculated type enable repetitive practice of algorithms without
any additional effort from teachers in editing or grading assessments over time. The use of

STACK allows for the validation of exact symbolic expressions, avoiding numerical

21



approximations and strengthening formal reasoning. The reliability coefficient values (o = 0.69—
0.88) indicate a good level of internal consistency; the measurement error, ranging from 5% to
10%, falls within optimal limits for educational assessment, and positive discrimination indices
demonstrate the didactic adequacy of the items and the efficiency of automated test generation.
Thus, indicators of internal consistency and mean scores validate the ISS as a reliable and relevant
tool for mathematics assessment, while standard deviation and error ratio highlight the importance
of item calibration.
Transferability and broader validation

The promotion of IDER within the international project “Enhancing Academic
Performance in ICT through the Implementation of Standardized Assessment Tools on the
Moodle E-learning Platform” aimed to demonstrate the transferability and sustainability of IDER
in technical and vocational education in the Republic of Moldova. Within the joint Romanian—
Moldovan research team (RO-MD), the author served as developer of parameterized mathematical
items and coordinator for curricular alignment between the official curricula of the two education
systems. IDER was transferred to the digital platform of the Center of Excellence in Informatics
and Information Technologies (CEITI). Experimental implementation was carried out at the Cahul
Medical College as well as in five other partner institutions, enabling the system to be tested in
diverse educational contexts. The experimental stage focused on the topic “Geometric Figures in
the Plane,” applied to a sample of 25 tenth-grade students at the Cahul Medical College. Results
indicate a positive mean difference in favor of digital assessment (+0.59 points), suggesting a
slight increase in performance when using parameterized items and automated feedback.
Pedagogical interpretation highlights increased accuracy and fairness of assessment, reduced test
anxiety, standardization of grading, and the strengthening of formative feedback. Overall,
implementation on the CEITI platform in all partner institutions confirms the transferability,
curricular compatibility, and functional robustness of the ISS in various educational contexts.

Validation of the ISS based on user opinion questionnaires

To support the research hypothesis, two opinion questionnaires were created and
administered via Google Forms: one for students in the experimental group (N = 129) and one for
mathematics and ICT teachers participating in the research (N = 16). By applying the Kano model,
the analysis of IDER user satisfaction aimed to correlate basic (required), performance
(optimizable), and attractive (innovative) elements, thus providing a conceptual framework for
interpreting data from the student and teacher questionnaires.

Basic requirements (such as Moodle functionality and assessment accuracy), performance
requirements (the quality of feedback and items), attractive requirements (educational games,
interactive elements), and indifferent requirements (design aspects) were identified. This model
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helps correlate the technical dimension (platform functionalities) with the pedagogical dimension
(perceived quality of learning and assessment), enabling concrete directions for improving the
educational experience in digital environments. The two questionnaires were structured in parallel
to ensure analysis of both users’ experience (see Table 3.1).

Table 3.1. Structure of student and teacher questionnaires and ISS validation

Thematic section Students/Teachers Contribution to ISS validation

I. Clarity of online E1-E5/P1-P5 Validates assessment design: structure,

assessment difficulty, stress.

I1. Objectivity and fairness | E6-E9 / P6-P9 Validates fairness: anti-fraud, transparency.

I11. Pedagogical impact E10-E14/P10-P14 | Validates impact on learning, motivation, self-
assessment.

IV. Preferred item types E15-E20/P15-P19 | Validates preference for types of exercises.

V. System efficiency E21-E24 /P20-P23 | Validates efficiency compared to traditional
methods.

VI. Acceptability E25-E28 /P24-P27 | Validates scalability and potential integration
level.

VII. Concrete preferences | E29-E30/P28-P29 | Supports decisions on ISS extension based on
preferences.

VI1I1. Open questions E31-E33/P30-P32 | Provides qualitative data for feedback and
improvement.

IX. Teachers only —/P33-P39 Validates managerial functions of the ISS.

Results from the questionnaires administered to students and teachers provide external
validation of the utility and functionality of the ISS:

1. Pedagogical relevance: 66% of students perceived online assessment as clearer and less
stressful than traditional assessment; 93% of teachers confirmed the objectivity and
efficiency of automated assessment; over 75% of teachers reported a reduction in fraud
through parameterization; over 75% of teachers found automated feedback clear and
useful, confirming the formative function of the test.

2. Didactic efficiency: 70% of students valued automated feedback as a resource for
understanding mistakes; 60% reported increased motivation for mathematics due to the
clarity of items; 65% consider parameterized items the most useful for practice and
assessment; 87% of teachers confirm that ISS assessment contributes to the development
of students’ digital skills and 68% appreciate the positive impact on student self-
regulation.

3. Validity of the ISS is confirmed from complementary perspectives: content validity (items
comply with national curricula and are transnationally compatible RO-MD); construct
validity (correlations between feedback, self-assessment, and self-regulated progress
confirm the system’s internal coherence);
predictive validity (identifying students’ error patterns facilitates the anticipation of
learning difficulties, providing support for teachers in developing remedial or progress
plans and in adapting instructional strategies).
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4. Sustainability and scalability: 81.25% of teachers fully agree that extensive

implementation of online assessment modernizes the educational process; 75% wish to
extend its use in their own institution; and 68.75% recommend extending online
assessment to other subjects, confirming the system’s strategic relevance and development
potential.

Contributions to the digital transformation of education include reducing the
administrative effort required of teachers in the assessment process; increasing the
objectivity of assessment through the use of parameterized items; personalizing instruction
based on error pattern identification; and aligning the planned, taught, and assessed
curriculum—a point confirmed by 87.5% of teachers.

Overall, the results confirm consistent positive effects of the ISS on pre—post test progress,

on assessment equity, and on the efficiency of the didactic process, through the integration of

automated assessment, adaptive feedback, and curricular standardization. Although the ISS was

validated through experimental data and positive feedback, the interpretation of results is carried

out with reference to the methodological limitations encountered and the mitigation solutions

provided.

1.

Technical and digital literacy limitations. Initial difficulties in usage were partially
compensated by guides and pre-configured resources, with the system being successfully
implemented in partner institutions within the RO-MD project.

Organizational constraints. The integration of the ISS was conditioned by curricular
structure and school timetable, but was facilitated by utilizing school-based curriculum
hours, without requiring major changes to the organization of teaching activities.

Sample and Institutional Context. Although validation included different contexts, full
generalizability requires extension to more diverse socio-educational environments; this
limitation was partially addressed through transnational implementation in Romania and the
Republic of Moldova.

Duration of the intervention. The study covers a one-year school interval, providing relevant
short- term results, but longitudinal research is needed to evaluate long-term effects.
Potential usage biases. Effects such as novelty, digital anxiety, or strategic behavior during
testing were reduced through repeated use and progressive familiarization with the system.
Non-cognitive dimension. Motivation and engagement were treated as secondary effects,
although data confirmed a consistently positive impact.

Despite these identified limitations, the implemented mitigation measures allow for the

validation of the developed model, demonstrate consistency and relevance for contexts similar to
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the experimental one presented, and highlight the effectiveness of the ISS in relation to the
objectives and hypothesis of the research.
GENERAL CONCLUSIONS AND RECOMMENDATIONS

The Doctoral thesis is situated at the intersection of the paradigm of formative assessment,
theories of self-regulated learning, and the new directions of intelligent educational support
systems, adopting an integrative approach in which technology is not merely a support, but an
epistemic vector for transforming the learning process. The intelligent support system developed
and implemented contributes to bridging the gap between technological potential and actual
educational practice through the design and validation of an innovative didactic model based on
automated formative assessment and adaptive feedback, implemented via an intelligent support
system, thus addressing the scientific problem formulated in the Introduction.

The thesis purpose regarding the theoretical-methodological foundation and experimental
validation of a didactic formative assessment model based on an intelligent support system has
been achieved, as demonstrated by the attainment of all research objectives.

Obijectives 1 and 2, targeting the analysis of the theoretical framework and comparison of
digital platforms, were accomplished in Chapter 1. These are reflected in the systematization of
the theoretical and methodological framework of formative assessment and intelligent support
systems, as well as the critical analysis of existing digital tools, which allowed the identification
of concrete opportunities for integrating digital assessment in lower secondary education and
highlighted the limitations of current practices, justifying the need for the 1SS model.

Obijectives 3 and 4, relating to the design of the didactic model and the development of the
intelligent support system, were achieved in Chapter 2. The design of the formative assessment
didactic model is grounded in pedagogical principles validated by the specialized literature,
promoting formative assessment through adaptive feedback mechanisms and continuous
regulation of learning. The methodological structure ensures the connection between learning
objectives, curricular content, and ISS technology, aiming to enhance the teaching process and
effectively develop mathematical competencies among lower secondary students. The
development of the intelligent support system led to the operationalization of the didactic model
through the integration of the Moodle platform, FOSS plugins, and intelligent digital educational
resources (REDI) into a fully functional digital course ready for use in real learning contexts.

Objectives 5 and 6 were accomplished in Chapter 3 through the experimental
implementation and validation of the ISS, using a complex methodological design based on the
triangulation of quantitative and qualitative data to increase the internal and external validity of
the research. The intra-group and inter-group analysis, conducted on a sample of 129 students in

the experimental group and 123 in the control group, demonstrates an average performance
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increase of +1.02 points (=10%) in the experimental group and a comparative advantage of +0.47
points (=5%) over the control group, with consistent progress at all lower secondary levels and a
reduction in disparities among students with different performance levels.

Subsequently, the limitations of the study were analyzed: (1) technical and digital literacy
limitations, which were mitigated through a pre-configured system, methodological guides, and
ready-to-use REDI resources; (2) institutional organizational constraints, which were reduced by
integrating ISS into elective courses and teacher-directed classes; (3) the limited duration of the
intervention, which was compensated by implementation within the RO-MD project and by
extending its use in various contexts; (4) students’ behavioral biases, which were diminished
through repeated use and gradual familiarization with the system. These limitations represent
relevant explanatory factors for the magnitude of the statistical effects obtained (d = 0.19-0.54),
whose small to moderate values reflect the complexity of the real educational context, where
uncontrolled variables naturally attenuate the amplitude of measurable effects.

Psychometric validation of the test battery, based on indicators provided by Moodle
Analytics, confirms a high level of reliability, optimally distributed difficulty, and positive
discrimination indices, demonstrating the didactic adequacy of the items and the efficiency of
automated test generation. The qualitative component highlights a favorable user perception, with
87% of students and 93% of teachers reporting positive experiences and significant benefits in
terms of engagement, efficiency, and optimization of the assessment process.

Despite these identified limitations, the remedial measures implemented ensure that the
research results are consistent with the stated aims and objectives and align with the specialized
literature regarding the effectiveness of intelligent systems in mathematics assessment.

Result 1 (theoretical): A didactic model based on automated formative assessment and adaptive
feedback in the context of lower secondary digital mathematics education was theoretically
grounded and developed.

Result 2 (technological): The ISS was designed, developed, and implemented on the Moodle
platform using advanced FOSS plugins and a custom-coded author website.

Result 3 (didactic): An IDER bank was developed, implemented, and validated.

Result 4 (experimental): A quasi-experimental pedagogical design involving control and
experimental groups was conducted, and the statistical results demonstrated that the use of the
ISS leads to significant increases in student performance and retention of mathematical concepts.
Result 5 (applicative—transferable): The direct applicability and transferability of the ISS were
demonstrated through national and transnational implementations within elective courses, school-

based curricula, and educational partnerships.

26



The results obtained confirm the research hypothesis, according to which the use of the
intelligent support system by lower secondary students—implemented on the Moodle platform and
integrating intelligent digital educational resources for formative assessment with automated
feedback—leads to significant improvements in mathematical achievement, compared to the
traditional didactic strategy, as evidenced by pre-to-post-test differences with small to moderate
effect sizes, which are nonetheless practically relevant and consistent with the benchmarks in the
specialized literature on e-learning interventions.

The personal contribution consists of designing the didactic model based on the principle
of individualization and differentiation of instruction; developing the ISS through the integration
of FOSS technologies; copyright protection of the Moodle digital course; full technical
development of the educational platform on the author’s website mathmentor.ro; the creation and
application of mathematical performance assessment tools and opinion questionnaires; drafting
guidance manuals for teachers and students; implementing IDER in innovation and technology
transfer projects between Romania and the Republic of Moldova; as well as collecting, statistically
analyzing data, and validating the results. This research demonstrates that intelligent digital
assessment, pedagogically grounded and systemically implemented, can become a vector for
profound transformation of the educational process.

Based on the research results, recommendations are formulated for teaching staff and
educational management with the aim of optimizing the instructional process. It is recommended
to integrate IDER into current didactic practice, both in consolidation and review activities and in
formative and summative assessment, making use of parameterized items and adaptive feedback
for progress monitoring and personalized learning. Furthermore, it is recommended to use the ISS
in complementary educational contexts, such as remedial programs, activities for students with
special educational needs, centers of excellence, or hybrid learning environments, where the
system can support pedagogical differentiation. At the managerial level, the implementation of
the ISS within institutional platforms dedicated to assessment and exam preparation is proposed,
in order to standardize assessment practices, increase equity, and base educational decisions.

Future research directions include expanding the proposed model through application
in diverse educational contexts and conducting longitudinal studies to highlight the impact on
student performance and metacognitive processes. It is also recommended to develop and extend
digital infrastructure by creating a national platform equipped with IDER and by integrating anti-
fraud security mechanisms necessary for large-scale assessment.

The research can be furthered through the transfer of methodology to other STEM
disciplines and the integration of Al, such as conversational agents and predictive educational

analytics, in order to develop a fully adaptive and intelligent educational system.
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In conclusion, this thesis provides a theoretical foundation, experimental validation, and
practical demonstration that the proposed intelligent support system represents a viable, scalable,
and transferable didactic and technological solution. It contributes significantly to optimizing
assessment and accelerating mathematical achievement in lower secondary education, while also
offering a methodological reference point for the sustainable transformation of the teaching—

learning—assessment paradigm in contemporary education.
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LEARNING IN HIGH SCHOOL STUDENTS
Doctoral thesis in the specialty 532.02. School didactics
Chisinau, 2026

Volume and structure: The thesis is written in Romanian as a manuscript, technically edited on
the computer. The thesis is organized into introduction, 3 chapters, conclusions and recommendations and
bibliography, containing 126 titles, and 12 appendices. The core text spans146 pages, including 13 figures
and 41 tables. The research results are published in 23 scientific papers and reported at 24 scientific events.

Keywords: ISS, FOSS, REDI, middle school mathematics, digital education, Moodle platform,
didactic model, parameterized items, adaptive feedback, mathmentor.ro.

The purpose of the research is to provide a theoretical and methodological foundation, develop
and experimentally validate a didactic model of formative assessment, based on an Intelligent Support
System (ISS) for learning and assessing mathematics at the secondary school level, achieved by integrating
the Moodle platform with FOSS (Free and Open Source Software) plugins and Intelligent Digital
Educational Resources (IDER). ISS supports the automatic generation and correction of standardized
assessments, with adaptive feedback, in order to accelerate students' mathematical acquisitions and
streamline teachers' work.

The objectives of the research: 1. Analysis of the theoretical and methodological framework
regarding formative assessment and the use of intelligent educational support systems in mathematics
teaching. 2. Comparison of the main learning management systems, in order to identify opportunities for
integrating intelligent digital assessment in secondary education. 3. Design of the didactic model of
formative assessment, based on pedagogical principles validated in the specialized literature. 4.
Development of SSI, by integrating the Moodle platform with advanced FOSS plugins and developing
intelligent digital educational resources. 5. Implementation of the didactic model and SSI, by conducting
a quasi-experimental study in the real educational environment. 6. Validation of SSI, through quantitative
analysis of student performance, through psychometric indicators specific to digital assessment and
through qualitative analysis of participants' perceptions.

The scientific novelty and originality are demonstrated by updating and operationalizing the
concept of formative assessment by integrating parameterized items and adaptive feedback into a didactic
model based on an intelligent support system implemented on its own digital platform, mathmentor.ro,
with customized code and experimentally validated IDER.

Results obtained: 1. Student performance: the average score of the experimental group increased
by ~1.02p. from pre-test to post-test via IDER and by ~0.47p. compared to the control group. 2. Teachers
reported a decrease in correction time from ~4h to <45min/test. 3. High level of acceptance and
satisfaction: 92% of students and 100% of teachers rated ISS as "very useful”. The results led to a reduction
in the discrepancy between the didactic potential of digital educational systems and their use in secondary
school practice in RO/MD.

Theoretical significance and practical applicability: Substantiation of an integrated ISS model
for digital formative assessment in mathematics teaching, has contributions to the theory of technology-
assisted assessment and direct applicability in middle school education, including for students with special
educational needs or high performance. ISS contributes to improving students' mathematical achievement,
reduces teachers' workload and supports educational management, being a directly applicable, adaptable
and easily transferable system in other STEM disciplines or in the high school cycle.

The implementation of the scientific results: The 1SS model was operationalized through a digital
course protected by intellectual property rights, implemented on three Moodle platforms (USM, CEITI and
mathmentor.ro) and experimentally applied in several educational institutions in Romania and the Republic
of Moldova, including within a RO-MD technology transfer project. The results were also validated by
medals at international invention salons.
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MATEMATICE LA ELEVII DE GIMNAZIU
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Volumul si structura tezei: Teza este scrisd in limba romana cu titlu de manuscris, tehnoredactata
la calculator si imprimata. Lucrarea este structuratd in introducere, trei capitole, concluzii generale si
recomandari, bibliografie cu 126 de titluri si 12 anexe. Textul de bazd se intinde pe 146 de pagini,
cuprinzand 13 figuri si 41 de tabele. Rezultatele cercetarii sunt publicate in 23 lucrari stiintifice si raportate
la 24 de evenimente stiintifice.

Cuvinte-cheie: SSI, FOSS, REDI, matematicad gimnaziala, educatie digitala, platforma Moodle,
model didactic, itemi parametrizati, feedback adaptiv, mathmentor.ro.

Scopul tezei consta in fundamentarea teoretico-metodologica, elaborarea si validarea experimentala
a unui model didactic de evaluare formativa, bazat pe un Sistem Suport Inteligent (SSI), realizat prin
integrarea platformei Moodle cu pluginuri FOSS (Free and Open Source Software) si Resurse Educationale
Digitale Inteligente (REDI), orientat spre generarea si corectarea automata a evaluarilor standardizate, cu
feedback adaptiv, in vederea accelerarii achizitiilor matematice ale elevilor de gimnaziu si eficientizarii
activitatii profesorilor.

Obiectivele cercetarii: 1.Analiza cadrului teoretic si metodologic privind evaluarea formativa si
utilizarea sistemelor inteligente de suport educational in didactica matematicii. 2.Compararea principalelor
sisteme de management al invatarii, in vederea identificarii oportunitatilor de integrare a evaluarii digitale
inteligente in Invatdmantul gimnazial. 3.Proiectarea modelului didactic de evaluare formativa, bazat pe
principii pedagogice validate in literatura de specialitate. 4.Dezvoltarea SSI, prin integrarea platformei
Moodle cu pluginurile avansate FOSS si elaborarea resurselor educationale digitale inteligente.
5.Implementarea modelului didactic si SSI, prin realizarea unui studiu cvasi-experimental in mediul
educational real. 6.Validarea SSI, prin analiza cantitativa a performantelor elevilor, prin indicatori
psihometrici specifici evaluarii digitale si prin analiza calitativa a perceptiilor participantilor.

Noutatea si originalitatea stiintificA sunt demonstrate prin actualizarea si operationalizarea
conceptului de evaluare formativa prin integrarea itemilor parametrizati si a feedbackului adaptiv intr-un
model didactic bazat pe un sistem suport inteligent implementat pe platforma digitald proprie,
mathmentor.ro, cu cod personalizat si REDI validate experimental.

Rezultatele obtinute in urma implementérii SSI: 1. Performanta elevilor: nota medie a grupului
experimental a crescut cu ~1,02p. de la pre-test la post-test prin REDI si cu = 0,47p. fata de grupul de
control. 2. Economie de timp: profesorii au raportat scdderea timpului de corectare de la ~4h la
<45 min/test. 3. Nivel ridicat de acceptare si satisfactie: 92% elevi si 100 % profesori au evaluat ISS drept
»foarte util”. Rezultatele au condus la reducerea discrepantei dintre potentialul didactic al sistemelor
educationale digitale si utilizarea lor in practica scolara din RO/MD.

Semnificatia teoreticd si valoarea aplicativa: Fundamentarea unui model integrat ISS pentru
evaluare formativa digitald in didactica matematicii, are contributii la teoria evaluarii asistate de tehnologie
si aplicabilitate directa In invatdmantul gimnazial, inclusiv pentru elevii cu cerinte educationale speciale
sau performante inalte. ISS contribuie la accelerarea achizitiilor matematice ale elevilor de gimnaziu,
reduce sarcina profesorilor si sprijina managementul educational, fiind un sistem direct aplicabil, adaptabil
si usor transferabil in alte discipline STEM sau in ciclul liceal.

Implementarea rezultatelor stiintifice: Modelul 1SS a fost operationalizat printr-un curs digital
protejat prin drepturi de proprietate intelectuald, implementat pe trei platforme Moodle (USM, CEITI si
mathmentor.ro) si aplicat experimental in mai multe institutii de invatdmant din Roménia si Republica
Moldova, inclusiv Tn cadrul unui proiect de transfer tehnologic RO-MD. Rezultatele au fost validate si
prin medalii la saloane de inventicd internationale.
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HHTEJUIEKTYAJIBHAS CUCTEMA HOAAEPXKH AJIAA YCKOPEHHOI'O
N3YUEHUA MATEMATHUKHU Y YHAHIUXCS CTAPHINX KJIACCOB
JokTopckas nuccepranus no cnenuaiabuoctu 532.02. lHlkonbHas nuaakTuka
Kummnés, 2026

O0beM M CTPYKTypa aucceprauuu: J[yccepranus HamucaHa Ha PyMBIHCKOM f3bIKE B BHJE PYKOIHCH,
HaOpaHa M oTIIeyaTaHa Ha KoMnblotepe. PaboTa cocTonT U3 BBeIeH s, TPEX IJ1aB, OOLINX BHIBOJAOB U PEKOMEH/IAIHH,
oubmmorpaduun u3 126 HanmenoBanuid u 12 npunoxeHuid. OObeM OCHOBHOTO TEKCTa cocTaBisieT 146 crpanmi,
BKiIrOYast 13 pucynkoB u 41 Tabmuu. Pe3ynpTarsl omyOnuKoBaHbl B 23 Hay4YHBIX CTAThIX W IPeJCTaBiICHbI Ha 24
MEpONPUATHUSX.

Kawuesbie ciaoBa: SSI, FOSS, REDI, marematuka s cpefHed MIKojbl, nu)poBoe 00Opa3oBaHUE,
wiatpopma Moodle, nunakTudeckas MoJellb, NapaMeTPU30BaHHBIE AJIEMEHTHI, aJalTUBHAs OOpaTHas CBS3b,
mathmentor.ro.

Heap AuccepranmuMym —IIPEIOCTaBUTh TEOPETUYECKYI0O M METOAOJOTHIECKYI0 OCHOBY, pa3paboTaTh
9KCIIEPUMEHTAIbHO  MOATBEPAUTh IUOAKTUYECKYI0 MOJENb (OPMHPYIOIIETO OICHHUBAHUS HAa  OCHOBE
MHTEJUIEKTyanbHOH cucteMbl moanepkku (MCC) nnst oOydeHHs W OLCHWBAHWS MaTEMaTHKH HAa YPOBHE CpEAHEH
MIKOJIBI. DTa CHCTEMa pean30BaHa IMyTeM HHTerpamu miardopmsl Moodle ¢ mimarnaaMu Ha OCHOBE CBOOOZHOTO H
OTKpbITOr0 TporpamMmuoro obecrneueHus (FOSS) um wmHTENmnekTyanbHBIMEH IHGPOBBIMH 00pa30BaTEIbHBIMU
pecypcamu (REDI). UCC noaaepxuBaeT aBTOMaTHUECKYIO T€HEPAIUIO U MPOBEPKY CTaHAAPTU3UPOBAHHBIX OIIEHOK
C aJlanTUBHOW 00paTHOM CBA3BIO I YCKOPEHHUS O0YUCHHUS YHaIIUXCsl U ONTHMHU3ALUHU Pa0OTHI YUUTEIS.

Heaun wuccaemoBanus: 1. AHamM3 TEOPETHYECKOM M METOJOJOTUYECKOH OCHOBBI (HOPMHPYIOIIETO
OILICHUBAHMA U MCTIOJIb30BaHUS HHTEIUIEKTYaIbHBIX CHCTEM MOIJEPKKH 00yUEeHUS B IPENOJaBaHUU MaTEMAaTHUKH. 2.
CpaBHEHHE OCHOBHBIX CHCTEM YIIPaBJeHHs OOYYE€HHEM C LeNbI0 BBIABICHHS BO3MOXKHOCTEH WHTErpaunuu
MHTEJUIEKTYaIbHOTO HU(POBOro OlEHMBaHHA B cpenHee oOpas3oBaHue. 3. Pa3paboTka OUIaKTHYECKOW MOJEIH
(hOpMHPYIOIIETO OIEHUBAHUS Ha OCHOBE MEAArOTHUCCKUX MPUHIUIIOB, OATBEPKICHHBIX B CIICIIMATU3HP OBAHHOMN
muteparype. 4. Pazpabotka cucremsl mommepkku oOyderus (SSI) myrem mHTerpammu miatdopmer Moodle c
nepenoBeIMU TurarnHaMu FOSS w co3paHus HHTEIUIEKTYaJIBHBIX HHU(POBBIX 00pa30oBaTENbHBIX pPECypcoB. 5.
BHenpeHne AMIAKTUYECKOH MOJENM W CHCTEMBI mojnepkku oOydeHus (SSI) myrem mpoBeneHns
KBa3M3KCIICPUMEHTAIBHOTO NCCIIEJOBAaHNS B peaJIbHOM 00pa3oBaTenbHOU cpenie. 6. Bamumanns cucTeMbl OAEPKKH
obyuenus (SSI) mMOCPENCTBOM  KOJMMYECTBEHHOTO aHalW3a YCIEBAEMOCTH YYallUXCs, C IOMOIIbIO
MICUXOMETPUYECKUX TOKa3areiei, cnennpuyHbIX Uil HH(POBOro OLEHWBAHMS, M MOCPEICTBOM KayeCTBEHHOT'O
aHaJIM3a BOCHPUATHS YIaCTHUKOB.

HayyHasi HOBH3HAa M OPUTHHAJIBHOCTH JEMOHCTPHUPYIOTCS IIyTeM OOHOBJICHHS M ONepaIOHATU3aINH
KOHLETIUH (OPMHUPYIOLIEr0 OLIEHUBAHUS MTOCPEACTBOM MHTETPALMH MAapaMEeTPU30BAHHBIX 3aJlaHUI U aJanTHBHON
0o0paTHOH CBS3M B [WAAKTHYECKYI0 MOJIENIb, OCHOBAHHYI0 Ha WHTEIUIEKTYaJbHOW CHCTEME MOJICPKKH,
pean3oBaHHOW Ha coOcTBeHHOW wLMdpPoBoil mmardopme mMmathmentor.ro, ¢ WCHONB30BaHUEM CIELHAIBHO
pa3paboTaHHOTO KOA U SKCIIEPUMEHTAIBHO MoATBepkaeHHOH REDI.

Pe3yabTaThl, mosxydenHble 0aaromapsi BHeapenmio SSI: 1. YcmeBaeMOCTh ydalmmumxcs: CpemHHUE Oaut
9KCIIEPUMEHTAILHOM TPyl yBEIHIHIICS NpuMepHo Ha 1,02 6ata 1o cpaBHEHHIO C IPEBAPUTEILHBIM M HTOTOBBIM
TecTHpoBaHUeM ¢ momomibio REDI u mpumepHo Ha 0,47 6ana mo cpaBHEHHIO ¢ KOHTPOJIBHOM IpynIoi. 2. JKOHOMUS
BPEMEHH I yuuTenei: ¢ 4 yacoB 10 <45 MuHYT Ha TecT. 3. BbIcOKas CTeneHb NPUHATHA U yIOBICTBOPEHHOCTH:
92% yuammxcs u 100% yuureneit oueHunn 1SS Kak «o4eHb MOJIE3HbIN». Pe3ynbTaThl NPUBENH K YMEHBIICHHIO
PacxoXKIeHHU MEXKAY JUIAKTHYECKUM MOTEHIIMATIOM HU(POBBIX 00pa30BaTEIbHBIX CUCTEM U HX HCIIOJIb30BaHHEM B
MpaKTHKE CpeHUX Ko B Pymbiaun/Pecnyomuku Mosnjosa.

TeopeTnyeckasi 3HAYUMOCTh M IPaKTHYeCKasi IPUMeHUMOCTh: OO0OCHOBaHNE HHTETPUPOBAHHON MOAEIH
ISS s umdpoBoro GopMHpPYIOLIETO OLEHUBAHUS B NPENOAaBAaHWM MaTeMaTHKH BHOCUT BKJIAJ B TEOPHUIO
OLICHWBAHMS C WCIOJIb30BAHHUEM TEXHOJOTHH M MMEET HEIOCPEICTBEHHOE NMPHMEHEHHE B CPEAHEM IIKOJIHHOM
0o0pa3oBaHNM, B TOM YHCIE JUI y4alluXcs ¢ OCOOBIMH 00pa30oBaTeNbHBIMHM IOTPEOHOCTSIMH WIJIM BBICOKUMH
MOKa3aTessIMU ycreBaeMocTH. 1SS crocoOCTByeT yCKOPEHNIO OCBOSHHSI MaTEMAaTHKH yYaIlUMUCS CpeJHEH IIKOJIbI,
CHIDKAeT Harpy3Ky Ha YYWTeNeH M IOJIEP)KMBAeT YIpaBieHHEe 00pa3oBaHUEM, SIBISIACH HENOCPEACTBEHHO
OPUMEHNMOH, afanTHPyeMoil U Jierko nepeHocuMoil cuctemoil B apyrue STEM-mucuumniuHel unm B CTapIIyro
HIKOMY.

Buenpenne Hay4yHbIX pe3yjbTatoB: Meronuka |SS Obula BHeapeHa B BuAe LM(PPOBOTO Kypcea,
3aIIMIIEHHOTO TIPaBaMy HHTEJIEKTYaIbHOW COOCTBEHHOCTH, pealn30BaHHOIO Ha Tpex miardopmax Moodle (USM,
CEITI u mathmentor.ro) u sKCepUMEHTAJIbHO NPUMEHEHHOTO B HECKOJNBKHX O0pa30BaTENbHBIX YUPEKICHHSIX
Pymbianm u PecriyGuinku MonioBa, B TOM 4Hcie B paMKax IpoeKTa TpaHcdepa TeXHOJIOrui Mexay PyMmbiHuer u

MOHHOBOﬁ. PC3yJ’ILTaTLI TaKXxe ObLIN MOATBCPKACHBI HArpalaMu Ha MCKAYHAPOJHBIX CaJIOHAX I/1306p€TCHI/II71.
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