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ABSTRACT

The study aims to determine the impact of the use of modular e-technology on the level of formation
of motivational-value, cognitive and activity-practical components of readiness of students of the
pedagogical university. The study is based on a quasi-experimental design of “pre-testing with a
control group”. The sample was formed by 162 students of pedagogical specialties of 2—4 years,
evenly distributed between the experimental (n = 81) and control (n = 81) groups. The diagnostic
complex consisted of the author's questionnaire RMETQ, the knowledge test KMELT and a
practical task with the analytical rubric ARMECD. Statistical analysis consisted of MANOVA,
ANCOVA, dependent and independent t-tests, correlation analysis (Pearson/Spearman) and effect
size estimation. The results indicated the superiority of the experimental group in all components of
readiness (p < .001; d = 1.77-2.58; n*p = .439-.622). The greatest increase was recorded for the
activity-practical component (+103.8%). In the experimental group, an integrated structure of
readiness with strong intercomponent correlations (r = .61-.72) was formed, in contrast to weak
connections in the control group (r = .27-.33). The results determined the feasibility of introducing
modular e-technology into the system of pedagogical university training.

Keywords: Modular e-technology of learning, Readiness of future teachers, Pedagogical conditions,
LMS Moodle, Quasi-experiment, Pedagogical education.

1. Introduction

The fast development of digital technologies and the large-scale integration of electronic learning platforms into
the modern education system have changed approaches to the training of future teachers. Today, universities,
as academic and educational centers, are faced with the need to form in students of pedagogical specialties both
subject knowledge and practical readiness to design and implement the educational process using digital tools
[1], [2]. Among the available technological solutions, modular electronic learning technology — in particular,
systems based on the Moodle platform — had the greatest pedagogical flexibility. This made it the most optimal
for organizing the educational process in university environments [3]. Despite the significant number of studies
devoted to the implementation of electronic learning in higher education, many problems have not yet been
investigated. First, it was about the special pedagogical conditions that ensured the formation of readiness of
future teachers to use modular e-learning technology [4]. Most of the existing research has focused on students’
academic performance and the issue of teachers’ digital competence development. Thus, the preparatory
dimension of initial teacher education has been neglected [5]-[7].
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1.1. The concept of readiness in pedagogical education

The concept of “readiness” generally encompasses motivational, cognitive, operational, and reflective
components. Taking together, this has enabled future teachers to effectively design, implement, and evaluate
modular e-learning systems.

The concept of professional readiness was one of the central ones in Kazakh and foreign pedagogical science.
Researchers defined readiness as an integrative personal formation that combined motivational orientation,
theoretical knowledge, practical skills and reflective ability, which were necessary for effective professional
activity [8], [9]. In the context of pedagogical education, scientists considered readiness as a dynamic,
manageable quality that was formed in the conditions of a purposeful educational process [10]. Several Kazakh
researchers made a significant contribution to the conceptualization of readiness for technologically enriched
learning. They emphasized that important components of its structure were the need for a holistic approach to
its formation at the university [11], [12]. It is fundamentally important that the readiness to use digital tools was
different from general digital literacy. This difference was that it implied awareness of technologies and at the
same time a formed professional orientation and the ability to consciously integrate them into the educational
process [13].

1.2. Pedagogical conditions as a category of pedagogical science

Pedagogical conditions were traditionally considered by scientists to be a certain set of circumstances, measures
and factors of the educational environment, the purposeful creation of which ensured the effective achievement
of a specific pedagogical goal [14]. Modern studies have identified organizational-pedagogical, psychological-
pedagogical and didactic conditions, each of which performed its specific function in the structure of the
pedagogical process [15]. Regarding the formation of future teachers' readiness to use electronic technologies,
scientists emphasized the need for a combination of content, procedural and environmental conditions.
Together, they provided a systemic impact on all components of readiness [16], [17]. The role of subject-subject
interaction between a teacher and a student was especially emphasized as a necessary psychological and
pedagogical condition, without which other measures lost their effectiveness [18].

1.3. E-learning and modular technologies in higher education

E-learning in the university environment has gone from an auxiliary tool to a full-fledged educational paradigm.
It provided for the implementation of a new understanding of the roles of a teacher and a student, the structure
of educational material and forms of pedagogical interaction [19], [20]. The modular approach to organizing e-
learning, implemented through online platforms, provided structure, flexibility, and the ability to personalize
the learning process, which generally met the modern requirements of competency-based education [21], [22].

Research shows that the effective use of modular e-learning technologies requires a teacher to have a specific
combination of technological, pedagogical, and subject knowledge, which is described by the TPACK
(Technological Pedagogical Content Knowledge) model [23], [24]. In the Kazakhstan educational space, the
issue of preparing future teachers to work with electronic learning systems has become particularly relevant in
the context of martial law and the forced transition to distance learning [25], [26].

Thus, the analysis of scientific literature demonstrated that, despite the significant interest of researchers in
certain aspects of the problem under study, a comprehensive study of the pedagogical conditions for the
formation of future teachers' readiness to use modular e-learning technology has not been carried out. Therefore,
the problem has not been sufficiently developed, which is important for its further relevance.

1.4 Aim and hypothesis

The proposed study was aimed at addressing this gap by studying the pedagogical conditions for the formation
of future teachers’ readiness to use modular e-learning technology at the university. Therefore, the aim of the
article was to investigate and experimentally verify the set of pedagogical conditions, the implementation of
which ensured the effective formation of appropriate readiness among students of pedagogical specialties.

In accordance with the purpose of the study, the following research questions and hypotheses were formulated.
The main Research Questions were:

RQI1. What was the initial level of readiness of future teachers (before the application of modular e-learning
technology)?
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RQ2. Were there statistically significant differences in the level of readiness of future teachers to use modular
e-learning technology between students who studied using modular e-learning technology?

RQ3. Which of the three components of readiness demonstrated the greatest increase in indicators under the
influence of learning using modular e-learning technology?

The main Research Hypotheses were:

HI. Students in the experimental group who studied using modular e-learning technology will demonstrate
statistically significantly higher indicators of the motivational and value component of readiness according to
the RMETQ questionnaire compared to students in the control group after the intervention, provided that the
pre-test input indicators are controlled (ANCOVA, p <0.05, d > 0.50).

H2. Students in the experimental group will demonstrate statistically significantly higher indicators of the
cognitive component of readiness according to the KMELT knowledge test and the activity-practical component
according to the ARMECD rubric compared to students in the control group after the intervention, and the
increase in the indicators of the activity-practical component (Cohen's d) will exceed the increase in the
cognitive component, which will reflect the higher effectiveness of modular e-technology in the formation of
practical skills compared to theoretical knowledge.

H3. After the intervention, students in the experimental group will have statistically significant positive
correlations between all three components of readiness (motivational-value, cognitive, and activity-practical) at
the level of r > 0.50 (p < 0.05), while students in the control group will have the strength of intercomponent
correlations at the level of r < 0.30, which will indicate the integrative nature of the formation of readiness in
the conditions of modular e-learning as opposed to the fragmentary development of individual components in
traditional learning.

2. Research method
2.1. Research design

The study was implemented based on a quantitative quasi-experimental approach and using the concept of “pre-
test — post-test control group design”. The chosen design is a generally accepted standard in pedagogical
research aimed at determining and establishing the effectiveness of educational interventions in the formation
of professional competencies of future specialists. The choice of quasi-experimental is due to the natural
organizational limitations of the university environment. Academic groups are formed administratively, which
would complicate individual randomization of participants. To ensure the equivalence of the groups before the
intervention, a pre-test was conducted. It confirmed the absence of statistically significant differences between
the experimental and control groups in terms of initial readiness indicators (p > .05).

The study was conducted in 6 academic groups of 2nd, 3rd and 4th year students of the pedagogical university
(two groups from each year). From each pair of groups, one was defined as experimental (here training took
place using modular e-learning technology). The other group was defined as control (participants underwent
traditional classroom training without the use of modular e-learning technology). The distribution of groups by
conditions was at the level of academic cohorts. The independent variable in the study was the pedagogical
condition of organizing training: the use of modular e-learning technology (experimental condition) versus
traditional training (control condition).

The dependent variable was the level of readiness of future teachers to use modular e-learning technology. This
level was determined on the basis of several structural components: 1. motivational and value component -
attitude to e-learning, internal motivation, awareness of the value of digital technologies in pedagogical activity;
2. cognitive component - the volume and quality of theoretical knowledge about modular e-learning technology,
its principles; 3. activity-practical component - the formation of practical skills and abilities in the development
and application of modular e-content.

2.2. Research participants

The study was attended by students of the pedagogical university who receive higher education at the
educational and qualification level of "bachelor" in pedagogical specialties. The selection was implemented
based on the method of purposeful sampling based on the defined inclusion and exclusion criteria.

Inclusion criteria:
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1. Studying in the pedagogical specialty of the university (2nd—4th year of bachelor's degree).

2. Passing the academic discipline within which the research intervention was implemented.

3. Availability of basic experience with digital educational tools (LMS, online platforms, e-mail).

4. Voluntary written informed consent to participate in the study and processing personal data.
Exclusion criteria:

1. Students who missed more than 20% of classes during experimental intervention.

2. Participants who withdrew consent to the processing of personal data.

3. Students involved in parallel educational programs use similar e-technologies, which could affect the
purity of the results.

The total sample was N = 168 people in six academic groups (two groups in each of the three courses: 2nd, 3rd,
4th). After applying the exclusion criteria (6 students did not meet the participation conditions or withdrew
consent), the final sample was N = 162 people. From each course, one group entered the experimental condition
(training using modular e-technology), the other - the control condition (traditional form of training). The
experimental group was formed by 81 students, the control group - by 81 students. Detailed characteristics of
the participants are presented in Table 1.

Table 1. Demographic and Academic Characteristics of Study Participants (N = 162)

Characteristic Experimental Group (n=81) Control Group (n=81) Total (N=162)
Gender

Female 59 (72.8%) 58 (71.6%) 117 (72.2%)
Male 22 (27.2%) 23 (28.4%) 45 (27.8%)
Year of Study

2nd year 27 (33.3%) 27 (33.3%) 54 (33.3%)

3rd year 27 (33.3%) 27 (33.3%) 54 (33.3%)

4th year 27 (33.3%) 27 (33.3%) 54 (33.3%)

Field of Specialization

Primary Education

28 (34.6%)

27 (33.3%)

55 (33.9%)

Ukrainian Language & Literature

27 (33.3%)

27 (33.3%)

54 (33.3%)

Mathematics & Informatics

26 (32.1%)

27 (33.3%)

53 (32.7%)

Prior Experience with LMS

Yes

51 (63.0%)

50 (61.7%)

101 (62.3%)

No

30 (37.0%)

31 (38.3%)

61 (37.7%)

Age, M+ SD

203+ 1.1

205+ 1.2

204+ 1.1

2.3. Instruments

The study used three diagnostic instruments, each of which corresponded to one of the structural components
of the construct studied: motivational value, cognitive, and activity-practical.

This approach made it possible to implement the principle of methodological triangulation. It involved the use
of several independent methods of measuring one construct to increase the construct and criterion validity of
the results. The use of a self-report questionnaire, an objective knowledge test, and a practical task made it
possible to cover different dimensions of readiness and minimize individual limitations.

All three instruments were used by the participants twice — at the pre-test and post-test stages of the study —
using an identical administration procedure. The total maximum score for the set of instruments was 150 points.

The first instrument was the author's questionnaire Readiness for Modular E-Learning Technology
Questionnaire (RMETQ). This instrument was aimed at determining the motivational-value component. The
theoretical basis of the instrument was the concept of Teacher Technology Readiness [27], [28], the Technology
Acceptance Model (TAM), and modern approaches to operationalizing the motivational component of readiness
for e-learning in teacher education.
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The development of the RMETQ was carried out in five stages. In particular, the theoretical operationalization
of the construct was first determined, i.e., the formation of subconstructs of the motivational-value component
(attitude towards e-learning, intrinsic motivation, value awareness, self-efficacy regarding e-technologies)
based on a systematic literature review. Next, the statement pool was formed, i.e., the development of an initial
set of 58 statements with uniform coverage of all selected subconstructs. After that, an expert assessment of
content validity was carried out. To this end, the authors of the study involved five independent experts in the
field of higher education pedagogy and educational technology to assess the relevance of each statement using
the Content Validity Ratio (CVR) method. Statements with a CVR < .59 were excluded. Pilot testing was also
provided, in particular, testing on a sample of 24 students (not included in the main sample). This made it
possible to check the clarity of the statements and obtain psychometric data. In addition, psychometric selection
was provided, i.e. selection of final statements according to the criteria: item-total correlation r > .30, absence
of multicollinearity between statements, internal consistency of subscales a > .70.

The final version of the RMETQ consisted of 20 statements divided into four subscales: 1. Attitude towards e-
learning (5 statements) — general positive/negative attitude towards learning in an online environment; 2.
Intrinsic motivation (5 statements) — personal interest and desire to master e-technologies; 3. Value awareness
(5 statements) — understanding of the significance of modular e-technologies for future pedagogical practice;
4. Technological self-efficacy (5 statements) — confidence in one’s own ability to effectively use e-
technologies.

Responses were recorded on a 5-point Likert scale. The total RMETQ score ranged from 20 to 100 points; a
higher score corresponded to a higher level of motivational and value readiness.

The levels of motivational and value readiness were determined based on the total score: low (20—46), medium
(47-73), high (74-100).

Based on pilot testing, the internal consistency coefficient of the full scale was a = .83, subscales — from a =
.76 to a = .81. Such indicators met acceptable standards. Convergent validity was confirmed by positive
correlations with the validated TAM-EDU scale (r =.71, p <.001). The questionnaire was administered online
via the Google Forms platform; the average completion time was 10—12 minutes.

At the same time, an author's knowledge test (Knowledge of Modular E-Learning Technology Test, KMELT)
was developed to measure the cognitive component of readiness. Such a knowledge test made it possible to
provide an objective assessment of the actual level of acquired theoretical knowledge regardless of the
subjective perception of the participant. The test content consisted of various thematic blocks: principles of
modular learning, e-course architecture, didactic capabilities of LMS, e-content standards (SCORM, xAPI) and
pedagogical design of e-modules.

The test specification was developed in accordance with Bloom's Revised Taxonomy and covering three
cognitive levels: knowledge/understanding (level 1-2, 40% of tasks), application (level 3, 40% of tasks) and
analysis (level 4, 20% of tasks).

KMELT consisted of 30 tasks of three types: 1. Single choice tasks (4 options) - 15 tasks that tested knowledge
and understanding of the basic concepts of modular e-technology; 2. Matching tasks - 10 tasks that allowed
testing the ability to apply knowledge in standardized situations; 3. Ordering/sequencing tasks — 5 tasks that
determined the understanding of procedural knowledge (stages of e-module development, LMS configuration
algorithms).

Each task is scored 1 point; maximum total score — 30 points. Time limit — 30 minutes, one attempt. Cognitive
readiness levels: low (0—10), medium (11-20), high (21-30).

The development of KMELT consisted of: forming a test specification (test blueprint) with the distribution of
tasks by thematic blocks and cognitive levels and developing tasks with the involvement of two subject
specialists. After that, an expert assessment of content validity was involved (CVR > .75 for all tasks). Pilot
testing (n = 24) and analysis of the complexity (item difficulty index, p) and discriminability (item
discrimination index, D) of each task were also conducted. Tasks with p < .20 or p > .90, as well as D < .25
were revised or replaced.

Test reliability according to the Kuder—Richardson method: KR-20 = .78. This indicator corresponded to an
acceptable level for achievement tests. Average task complexity index: M = .61 (SD = .12). This indicated a
moderate complexity of the test. Average discriminative index: M = .38 (SD = .09). The test was based on the
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built-in testing module of the Moodle platform with automatic checking of answers and generation of reports
for each participant.

At the same time, to determine the activity-practical component of readiness - the formation of practical skills
and abilities in the development and application of modular e-content, an authentic practical task (authentic
performance task) with evaluation according to an analytical rubric was used. Students were offered a
standardized practical task: to independently develop the structure of one educational module of an e-course for
a selected educational topic using the LMS Moodle. The task included: 1 Formulation of measurable learning
objectives of the module in accordance with Bloom's taxonomy. 2 Structuring of educational content with
determination of the sequence of material processing. 3. Selection and justification of types of educational
activities (lectures, assignments, tests, forums). 4. Design of tasks for self-testing and final assessment. 5.
Technical implementation of the module structure in the LMS Moodle environment. Conditions of performance:
individually, outside the classroom, with access to the course's educational resources; completion period - 2
weeks.

The practical task was assessed based on the author's analytical rubric (Analytic Rubric for Modular E-Course
Design, hereinafter - ARMECD), which included five assessment criteria (See Appendix A).

The maximum total score is 20 points. The levels of practical readiness were determined based on the total
score: low (0—7), medium (8—14), high (15-20).

To ensure objectivity and reliability of the assessment, each student's work was checked by two independent
experts - experienced teachers of the Department of Pedagogy and Educational Technologies with at least 5
years of experience. Before the assessment began, a joint calibration session was held: the experts jointly
analyzed 5 sample works of different quality levels to agree on a common understanding of the rubric criteria.

The degree of inter-expert agreement was determined by Cohen's kappa coefficient: k = .81. This indicator
corresponded to the level of "almost perfect agreement” (k > .80). The final score for each work was calculated
as the arithmetic mean of the assessments of the two experts. In cases of grade discrepancies of more than 2
points (n = 7 papers, 4.3% of the total), a third expert was involved for arbitration evaluation; the final score
was determined as the median of the three grades. Practical assignments were submitted by students through
the Moodle Assignment system within the established deadlines (See Appendix B).

2.4. Research Procedure (Procedure)

Before the start of the study, all participants received detailed information about its purpose, procedure,
voluntary nature of participation and the right to withdraw consent at any stage. Written informed consent was
obtained from all 162 participants. The study was approved by the university's academic ethics committee. In
order to ensure comparability of the study conditions for both groups, teachers of the experimental and control
groups had identical curricula, thematic plans and criteria for assessing academic achievements. The difference
between the groups was solely in the form and technology of organizing the educational process.

At the beginning of the semester, an initial diagnosis (pre-test) of the level of readiness of all participants (N =
162) was carried out based on the RMETQ questionnaire and the KMELT knowledge test. A practical task with
the ARMECD rubric was also administered at this stage as a starter task.

The RMETQ questionnaire was administered online via the Google Forms platform. A link to the questionnaire
was sent via the university email and the internal Moodle system. The KMELT knowledge test was administered
via the built-in Moodle testing module in synchronous mode during the practical session (duration: 30 minutes,
one attempt, without access to external resources). The practical task (baseline) was given to students in the 2nd
week; the completion period was 2 weeks. The task was submitted via Moodle Assignment. The obtained pretest
data were checked for normality of distribution (Shapiro—Wilk test) and were used to confirm the equivalence
of the experimental and control groups before the intervention.

For 12 weeks, both groups studied within the same academic discipline under different pedagogical conditions.
In the experimental group (n = 81), training was conducted using modular e-learning technology on the Moodle
platform. The training course was structured in the form of 6 thematic modules (2 weeks each), each of which
contained:

1 Theoretical block: video lectures (15-20 min), interactive presentations, electronic educational
materials in SCORM format;

70



PEN Vol. 14, No. 4, October 2026, pp.65-86

2. Practical block: individual tasks with automated or expert checking, cases, project microtasks;

3. Communicative block: thematic forums for discussion, group wiki pages, consultations with the
teacher in asynchronous mode;

4. Self-test block: modular test (10—15 test tasks) with automatic checking and instant feedback;
5. Reflective block: weekly short reflective diary (learning journal) in Google Forms format.

Students had the opportunity to work through the material at a convenient pace within the established deadlines.
The teacher regularly monitored student activity through the Moodle analytical module and provided individual
feedback within 48 hours after submitting the tasks.

The control group (n = 81) studied according to the traditional form of teaching organization: classroom lectures
(2 h/week) and practical classes (2 h/week) without the systematic use of modular e-technology. Basic access
to the university's digital resources (electronic library, e-mail, repository of educational materials) was
maintained to ensure equal conditions.

After the experiment, all participants (N = 162) underwent a final diagnosis (post-test) using an identical
procedure to the ascertainment stage:

* RMETQ was administered online via Google Forms during a 5-day window (days 1-5 of week 15);
* KMELT was administered synchronously during the final class (30 minutes, one attempt);

* The practical task (post-test version) was issued on week 14; the submission deadline was week 15;
the evaluation was carried out by two independent experts using the ARMECD rubric. The study
completion rate was 100%: none of the 162 participants dropped out during the study or missed the
post-test procedure.

2.5. Data analysis

Statistical processing of the obtained data was carried out on the basis of IBM SPSS Statistics (version 27.0)
and Microsoft Excel (version 2021).

First, a quality check and preparation of the data set for statistical analysis were implemented. The following
procedures were performed: data completeness check (missing data analysis) — no missing values were
detected, since the Google Forms and Moodle platforms provided for the mandatory filling of all fields; reverse
coding of negatively formulated statements of the RMETQ questionnaire (n = 5); verification of the correctness
of data entry by cross-validation of automatically generated reports of platforms with a consolidated database;
standardization of scores on three subscales to ensure comparability of indicators between tools.

Before conducting the main analysis, a check of the statistical prerequisites of parametric methods was carried
out. The normality of the distribution of dependent variables was checked based on the Shapiro—Wilk test and
taking into account the size of subgroups (n = 81). Homogeneity of variances between groups was determined
using Levene's test for equality of variances. In case of detection of violation of normality of distribution or
homogeneity of variances, nonparametric alternatives were used: Mann—Whitney U test instead of independent
t-test and Wilcoxon signed-rank test instead of dependent t-test.

Equivalence of groups before the start of the intervention was checked based on comparison of pre-test
indicators between the experimental and control groups on all three instruments (RMETQ, KMELT,
ARMECD). The absence of statistically significant differences (p > .05) served as confirmation of the
comparability of groups at the input level.

For each diagnostic tool and each group at both stages of measurement (pre-test, post-test), the following
indicators of central tendency and variability were calculated: arithmetic mean (M), standard deviation (SD),
median (Mdn), minimum and maximum value. The study used an independent samples t-test or its
nonparametric analogue Mann—Whitney U-test - depending on the results of the verification of the prerequisites.
The level of statistical significance was set at o = .05. To assess the statistical significance of changes between
pre-test and post-test indicators within each group separately, a dependent t-test was used.

The effect size was also calculated. For parametric comparisons, Cohen's d coefficient was used: small effect -
d < 0.50; medium - 0.50 < d < 0.80; large - d > 0.80. For nonparametric comparisons, the r coefficient was
calculated based on the Z-statistic.
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To control for the possible influence of input differences between groups on the post-test results, a one-way
ANCOVA was used, where the pre-test indicators acted as a covariate, the factor was the training condition
(experimental / control), and the corresponding post-test indicator was the dependent variable. The
preconditions of ANCOVA were checked: homogeneity of regression slopes and linearity of the relationship
between the covariate and the dependent variable. To compare all three dependent variables (motivational-
value, cognitive, and activity-practical components of readiness) between groups, a one-way Multivariate
Analysis of Variance (MANOVA) was used.

To compare the distribution of participants by readiness levels (low, medium, high) between groups and between
measurement stages, Pearson's chi-square test or Fisher's exact test was used in cases where the expected
frequency in individual cells of the conjugation table was less than 5.

3. Results and discussion
3.1. Initial level of readiness of future teachers to use modular e-learning technology

Before conducting a comparative analysis, the normality of the distribution of pre-test indicators was checked
using the Shapiro—Wilk test. According to the results of the test, the distribution of indicators for all three tools
in both groups did not deviate from normal (p > .05). The homogeneity of dispersions between the groups was
confirmed by the Levene test (p > .05 for all three indicators).

At the beginning of the study, both groups had mainly low and medium levels of readiness for all three
components. Such indicators indicated the insufficient formation of the readiness of future teachers to use
modular e-learning technology in the conditions of traditional university training.

According to the motivational and value component (RMETQ, max = 100 points), the average indicators of
both groups were in the range of the average level of readiness, but with a noticeable proportion of students at
a low level. In the experimental group, the average score was M = 52.4 (SD = 9.3), in the control group - M =
51.8 (SD =9.1). Distribution by levels: low level (20—46 points) - 44.4% of students in the experimental group
and 45.7% in the control; medium level (47—73 points) - 51.9% and 50.6%, respectively; high level (74—100
points) - 3.7% and 3.7%.

According to the cognitive component (KMELT, max = 30 points), the average indicators of both groups
corresponded mainly to a low level of theoretical knowledge about modular e-technology. In the experimental
group M = 12.3 (SD = 3.1), in the control group — M = 12.1 (SD = 3.4). Distribution by levels: low level (0—
10 points) — 46.9% and 49.4%, respectively; medium level (11-20 points) — 50.6% and 48.1%; high level
(21-30 points) — 2.5% and 2.5%.

According to the activity-practical component (ARMECD, max = 20 points), the lowest initial indicators among
all three components were recorded. In the experimental group M = 7.8 (SD = 2.4), in the control group — M
=7.6 (SD =2.3). Distribution by levels: low level (0—7 points) — 51.9% and 53.1%, respectively; medium level
(814 points) — 46.9% and 45.7%; high level (15-20 points) — 1.2% and 1.2%.

The pre-test indicators were also compared based on an independent t-test separately for each of the three
instruments. The results of the analysis indicated the absence of statistically significant differences between the
groups in any of the three components of readiness: in the motivational-value component — t(160) = 0.41, p =
.683, d = 0.06; in the cognitive component — t(160) = 0.38, p = .704, d = 0.06; for the activity-practical
component — t(160) = 0.52, p =.601, d = 0.08. The effect sizes in all three cases are minimal (d < 0.10), which
confirms the practical equivalence of the groups.

Thus, at the beginning of the study, the experimental and control groups were statistically equivalent on all
measured readiness indicators (p > .05).

3.2. The effectiveness of modular e-learning technology in shaping the readiness of future teachers

Before conducting the main analysis, a verification of the statistical prerequisites of parametric and multivariate
methods was implemented. The Shapiro—Wilk test confirmed the normal distribution of post-test scores in both
groups for all three instruments: RMETQ — W = 981, p = .312 (experimental), W = .978, p = .274 (control);
KMELT — W = 976, p=.198 and W = .974, p = .176; ARMECD — W =983, p=.341 and W = .979, p =
.289. The Levene test confirmed the homogeneity of variances between groups for all three components (p >
.05). For MANOVA, the homogeneity of covariance matrices was additionally checked using the Box's M
criterion: Box's M = 18.42, F(12, 284761) = 1.51, p = .114, which is an acceptable result and confirms the
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admissibility of using MANOVA. Thus, all the necessary prerequisites for conducting the planned parametric
analyses were met.

After the completion of the pedagogical intervention in the experimental group, there was a noticeable practical
increase in indicators for all three components of readiness. The general picture of the changes was as follows:
modular e-learning technology ensured a qualitative transition of the majority of students in the experimental
group to higher levels of readiness, however, in the control group, the dynamics of indicators remained moderate
and limited mainly to the average level.

According to the motivational-value component (RMETQ, max = 100 points), the average score of the
experimental group increased from M = 52.4 (SD = 9.3) at the pre-test to M = 74.6 (SD = 8.7) at the post-test,
which is an absolute increase of 22.2 points (+42.4%). This corresponded to the transition from an average to a
high level of readiness. In the control group, the increase was more modest: from M =51.8 (SD=9.1) to M =
57.3 (SD =9.2), i.e. only 5.5 points (+10.6%), which did not ensure a qualitative transition to a higher level of
readiness. The comparison between the groups at the post-test indicated a difference in means of 17.3 points in
favor of the experimental group. The shift in the distribution by level was particularly significant: while only
3.7% of the experimental group students were at a high level on the pre-test, this figure increased to 48.1% on
the post-test, while in the control group it was only 7.4% (see Appendix A).

An even more pronounced dynamic was recorded for the cognitive component (KMELT, max = 30 points). The
average score of the experimental group increased from M =12.3 (SD=3.1)to M =22.4 (SD =3.8), i.e., 10.1
points (+82.1%). In the control group, the increase was only 2.6 points (+21.5%): from M = 12.1 (SD = 3.4) to
M = 14.7 (SD = 3.5). The activity-practical component (ARMECD, max = 20 points) recorded the largest
relative increase among all three components — +103.8% in the experimental group. The average score
increased from M = 7.8 (SD = 2.4) to M = 15.9 (SD = 2.6). At the same time, in the experimental group, the
share of students with a low level decreased from 51.9% to 2.5%, and with a high level — increased from 1.2%
to 61.7%. This pattern is especially important from a practical point of view, because the activity-practical
component directly indicated the ability of future teachers to apply modular e-technology in real pedagogical
practice. The dynamics of changes for all components is presented in Figure 2. Detailed descriptive indicators
and distribution by readiness levels are presented in Tables 2-3.

Table 2. Descriptive statistics for pre-test and post-test scores

Component Group Pre Pre Pre Post  Post Post Gain  Gain %
M SD Mdn M SD Mdn

RMETQ Experimental 524 93 51.0 74.6 8.7 75.0 +22.2  +42.4%
(max=100) (n=81)

Control (n=81) 51.8 9.1 52.0 573 9.2 57.0 +5.5  +10.6%
KMELT Experimental 123 3.1 12.0 224 38 23.0 +10.1 +82.1%
(max=30) (n=81)

Control (n=81) 12.1 34 12.0 147 3.5 15.0 +2.6 +21.5%
ARMECD Experimental 7.8 24 8.0 159 26 16.0 +8.1  +103.8%
(max=20) (n=81)

Control (n=81) 7.6 2.3 8.0 9.1 24 9.0 +1.5  +19.7%

Table 3. Distribution of participants by readiness levels at pre-test and post-test (%)

Component  Group Pre Pre Pre Post Post Post © p
Low% Mid% High% Low% Mid% High%

RMETQ Experimental 44.4 51.9 3.7 4.9 46.9 48.1 48.62 <.001
Control 45.7 50.6 3.7 39.5 53.1 7.4 418 .124

KMELT Experimental 46.9 50.6 2.5 3.7 39.5 56.8 62.41 <.001
Control 49.4 48.1 2.5 42.0 54.3 3.7 1.24 538

ARMECD  Experimental 51.9 46.9 1.2 2.5 35.8 61.7 74.18 <.001
Control 53.1 45.7 1.2 46.9 51.9 1.2 0.86 .651

Note. y? = chi-square statistic for pre-test vs post-test distribution comparison within each group. Significant y*
indicates meaningful shift in readiness level distribution. Low/Mid/High cut-offs: RMETQ 20-46/47-73/74—
100; KMELT 0-10/11-20/21-30; ARMECD 0-7/8—14/15-20.
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To compare all three dependent variables between groups, a one-sample MANOVA with the factor “training
condition” (experimental/control) was conducted. The choice of MANOVA over a series of separate t-tests was
determined by the need to control for Type I error inflation in multiple comparisons.

The multivariate Wilks test indicated a statistically significant and large overall effect of the pedagogical
intervention: Wilks' A =.124, F(3, 158) =372.6, p <.001, n?>p = .876. The value of Wilks' A =.124 means that
only 12.4% of the total multivariate variance was unknown after accounting for pedagogical condition. Thus,
belonging to the experimental or control group explained 87.6% of the joint variance of all three components
of readiness. The results of the multivariate tests are presented in Table 4.

Table 4. Multivariate test data (MANOVA) for between-group differences

Test Value F df Effect df Error p n*p

Pillai's Trace 876 3726 3 158 <.001 .876
Wilks' Lambda 124 3726 3 158 <.001 .876
Hotelling's Trace ~ 7.082 372.6 3 158 <.001 .876
Roy's Largest Root 7.082 372.6 3 158 <.001 .876

Note. n°p = partial eta-squared. n’p > .14 = large effect.

Post-hoc univariate comparisons with Bonferroni correction (adjusted significance level a = 0.017) indicated
the advantage of the experimental group for each component separately. The largest effect size is noticeable for
the activity-practical component (d = 2.58), somewhat smaller for the cognitive (d = 2.18) and motivational-
value (d = 1.77). Comparison of effect sizes between components is visualized in Figure 1. Detailed results of
univariate comparisons are presented in Table 5.

Table 5. Univariate intergroup comparisons after testing (with Bonferroni correction)

Component Exp M (SD) Ctrl M (SD) Mean Diff t(160) p d 95% CI
RMETQ 74.6 (8.7) 57.3(9.2) 17.3 11.24 <.001 1.77 [14.2,20.4]
KMELT 22.4 (3.8) 14.7 (3.5) 7.7 13.86 <.001 2.18 [6.6,8.8]
ARMECD 15.9 (2.6) 9.1(24) 6.8 1642 <.001 2.58 [6.0,7.6]

Note. Bonferroni o. = .017. All effects large (d > 0.80). CI = 95% confidence interval for mean difference.

ARMECD 2,58

kveLT | .18
rveTQ [ 1,77

Effect Size

0 0,5 1 1,5 2 2,5 3
Readiness Component

ERMETQ ®KMELT ®=ARMECD

Figure 1. Between-Group Effect Sizes (Cohen's d)

74



PEN Vol. 14, No. 4, October 2026, pp.65-86

To control the effect of input measures on posttest results and to increase the internal validity of the conclusions
about the effectiveness of the intervention, a univariate ANCOVA was conducted for each component separately
with the corresponding pretest measure as a covariate. The preconditions for the ANCOVA were carefully
tested: the homogeneity of the regression slopes was confirmed by the absence of a significant interaction
between the covariate and the educational condition factor—F(1, 158) = 0.84, p =0.361 (RMETQ); F(1, 158)
=0.92, p=0.339 (KMELT); F(1, 158) = 0.78, p = 0.379 (ARMECD). The linearity of the relationship between
the covariate and the dependent variable was confirmed by visual inspection of the scatter plots for all three
components.

After controlling initial readiness, the effect of pedagogical condition remained statistically significant and
practically important for all three components. For the motivational-value component: F(1, 159) = 124.3, p <
0.001, n*p =0.439. The pedagogical condition explained 43.9% of the variance in RMETQ scores at the posttest
stage even after excluding the contribution of the baseline level. This result indicates a significant effect. For
the cognitive component: F(1, 159) = 187.6, p < 0.001, n?*p = 0.541 — the pedagogical condition explained
54.1% of the variance in knowledge at the posttest stage. For the activity-practical component, the largest effect
was recorded: F(1, 159)=261.4, p <0.001, n*p =0.622 — 62.2% of the variance in practical skills at the posttest
stage is explained solely by the pedagogical condition after controlling for the baseline level. The comparative
strength of the effects across components after controlling for pretesting is presented in Figure 3. Detailed
ANCOVA results are presented in Table 6.

Table 6. ANCOVA Results: Effect of Training Conditions on Posttest Results (Pretesting as a Covariate)

Component Source SS df MS F p n’p

RMETQ Pre-test 18423 1 18423 284 <.001 .151
Condition 8063.4 1 8063.4 1243 <.001 .439
Error 10313.2 159 64.9

KMELT Pre-test 412.6 1 412.6 38.7 <.001 .196
Condition 20014 1 2001.4 187.6 <.001 .541
Error 1696.8 159 10.7

ARMECD  Pre-test 284.1 1 284.1 472 <.001 .229
Condition 1572.6 1 1572.6 2614 <.001 .622
Error 956.8 159 6.0

Note. SS = sum of squares; df = degrees of freedom;, MS = mean square; n’p = partial eta-squared. Large
effect: n’p = .14.

07 . B [nstructional
> B [nstructional condition;
06 condition; CD;
’ B [nstructional KMELT; 0,541 2
0.5 condition;
’ RMETQ; 0,439
0,4
a B Pre-test;
= 03 B Pre-test; ARMECD;
> W Pre-test; KMELT; 0.229
RMETQ; 0,196 ’
0,2 0,151
0,1 . I
0

RMETQ KMELT ARMECD
M Pre-test M Instructional condition

Figure 2. Partial np for covariate pretest and pedagogical condition by readiness components (ANCOVA)
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The dependent t-test confirmed the effectiveness of the pedagogical intervention. In particular, in the
experimental group, all three components had a statistically significant and practically important increase. For
the motivational-value component: t(80) = 21.6, p < 0.001, d = 2.41 is a large effect size, indicating a
transformation of the motivational sphere of students under the influence of systematic experience with modular
electronic technologies during the semester (see Table 7).

Table 7. Changes within the group from pretest to posttest

Component Group Pre M (SD) Post M (SD) Diff t(80) p d
RMETQ Experimental 52.4(9.3) 74.6 (8.7) +22.2 21.6 <.001 2.41
Control 51.8(9.1) 57.3(9.2) +5.5 5.4 <.001 0.60
KMELT Experimental 12.3 (3.1) 22.4(3.8) +10.1  26.8 <.001 2.99
Control 12.1 (3.4) 14.7 (3.5) +2.6 6.1 <.001 0.68
ARMECD Experimental 7.8(2.4) 15.9 (2.6) +8.1 304 <.001 3.39
Control 7.6 (2.3) 91124 +1.5 5.8 <.001 0.65

To determine the effect of pedagogical intervention depending on the year of study, an independent t-test was
conducted between subgroups separately for 2nd, 3rd and 4th year students. Senior year students had a greater
gain from the use of electronic technologies, probably due to more developed self-organization skills. For the
activity-practical component, the effect increased from d = 2.19 (2nd year) to d = 3.24 (4th year) - the difference
is 1.05 units. Detailed results are presented in Table 8.

Table 8. Intergroup comparisons after testing by year of study

Component Year Exp M (SD) Ctrl M (SD) t df p d
RMETQ 2nd 70.2 (8.9) 54.1 (94) 7.14 52 <.001 1.76
3rd 74.8 (8.4) 57.6 (9.0) 7.96 52 <.001 1.96
4th 78.9 (8.1) 60.2 (9.1) 8.72 52 <.001 2.15
KMELT 2nd 20.4 (3.9) 13.8 (3.6) 6.98 52 <.001 1.72
3rd 22.6 (3.7) 14.9 (3.4) 8.62 52 <.001 2.12
4th 243 (3.4) 15.4 (3.5) 10.18 52 <.001 2.50
ARMECD 2nd 14.2 (2.7) 8.4 (2.5) 8.89 52 <.001 2.19
3rd 16.1 (2.5) 9.2(2.3) 11.42 52 <.001 2.81
4th 17.4 (2.3) 9.7 (2.4) 13.16 52 <.001 3.24

Note. n = 27 per subgroup. Progressive increase in effect sizes across years of study (e.g., ARMECD: d = 2.19
— 2.81 — 3.24)

One-way ANOVA indicated statistically significant differences between students of different courses within the
experimental group: RMETQ — F(2, 78) = 13.42, p <.001, n? = .254; KMELT — F(2, 78) = 24.61, p <.001,
n*>=.387; ARMECD —F(2, 78) =20.14, p <.001, n* = .341. Tukey's post hoc test indicated significant pairwise
differences between all three courses for KMELT and ARMECD (p < .05), while for RMETQ, the differences
were significant between the 2nd and 4th courses (MD = 8.7, p <.001) and between the 2nd and 3rd (MD =4.6,
p = .042), but not between the 3rd and 4th (MD = 4.1, p = .061). The dynamics of the effects by course are
presented in Figure 3.
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Figure 3. Dynamics of between-group effect sizes (Cohen’s d) depending on the year of study and the
readiness component

Subgroup analysis by specialty indicated that the effect of the pedagogical intervention was stable and
statistically significant for students of all three pedagogical specialties, but with certain differentiated patterns.
Students of the specialty "Mathematics and Computer Science" had slightly higher post-test scores compared
to other specialties, especially in the activity-practical component: M = 16.5 (SD =2.4) versus M = 15.4 (SD =
2.7) for "Primary Education" and M = 15.9 (SD = 2.6) for "Ukrainian Language and Literature" (See Table 9).

Table 9. Between-Group Post-Test Comparisons by Field of Specialization

Component  Specialization ExpM (SD) CtrIM(SD) t df p d
RMETQ Primary Education (n=55) 73.8 (8.9) 56.4(9.1) 882 53 <.001 194
Ukrainian Language (n=54)  74.9 (8.6) 57.8(9.3) 852 52 <.001 1.93
Math & Informatics (n=53) 75.2 (8.5) 57.7(9.2) 8.68 51 <.001 1.96
KMELT Primary Education 21.8(3.9) 14.2 (3.6) 9.06 53 <.001 2.00
Ukrainian Language 22.3 (3.7) 149 (3.4) 9.14 52 <.001 2.09
Math & Informatics 232 (3.6) 15.1 (3.5) 993 51 <.001 227
ARMECD  Primary Education 15.4 (2.7) 8.8(2.5) 11.21 53 <.001 2.55
Ukrainian Language 15.9 (2.6) 9.1 (2.4) 11.94 52 <.001 2.74
Math & Informatics 16.5(2.4) 9.4(2.3) 1332 51 <.001 3.02
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Note: Sample sizes reflect proportional distribution across majors (see Table 1). A one-way analysis of variance
(ANOVA) in the experimental group did not confirm significant differences between majors for the RMETQ
(F(2,78) = 0.24, p = 0.787) and marginal significance for the ARMECD (F(2,78) = 3.12, p = 0.049, > = 0.074),
suggesting that the intervention effect is largely uniform across majors.

3.3. Comparison of growth across readiness components

According to the results of the dependent t-test (Table 9), the within-group effect in the experimental group
increased from the motivational-value component (d = 2.41) through the cognitive component (d = 2.99) to the
activity-practical component (d = 3.39).

To determine the difference between the effect sizes, Steiger's Z-test for dependent correlations was used. The
results showed that the difference between the effects for the activity-practical and motivational-value
components was significant (Z = 3.14, p = 0.002).

According to the results of the normality test, Pearson's r coefficient, where the distribution was normal (p >
0.05 by the Shapiro-Wilk test), and Spearman's p coefficient were used for correlation analysis. The data are
presented in Table 10.

Table 10. Relationships between the components of readiness before and after testing by groups

Comparison Group Stage RMETQ-KMELT RMETQ-ARMECD KMELT-ARMECD
Experimental Pre-test r=.28%* r=.24% r=.31%
Post-test r=.61%** r=.67%%* r=.72%%*
Control Pre-test r=.26%* r=.22% r=.29*
Post-test r=.31% r=27% r=.33*

Note. ¥*p <.05; **p <.01; ***p <.001.

At the pre-test stage, both groups had weak, but statistically significant correlations between all three
components of readiness: the r values ranged from .22 to .31, which corresponds to a weak level of connection.
At the post-test stage, the situation changed, but radically only in the experimental group. All three
intercomponent correlations significantly increased: RMETQ-KMELT increased from r = .28 to r = .61;
RMETQ-ARMECD — from r = .24 to r = .67; KMELT-ARMECD — from r = .31 to r = .72. The strongest
was the relationship between the cognitive and activity-practical components (r = .72, p < .001. Thus, the
systematic assimilation of theoretical knowledge about modular e-technology in the conditions of the Moodle
LMS was directly supported by practical tasks. This created conditions for close integration of knowledge and
skills. In the control group, the post-test correlations between the components remained at a level comparable
to the pre-test: r = .27—.33, which corresponds to a weak relationship. The lack of growth in intercomponent
correlations in the control group indicates that traditional training does not ensure the integration of different
aspects of readiness into a single systemic structure - each component develops relatively isolated without the
formation of synergistic relationships between them.

To determine the difference between the correlations of the two groups at the post-test, Fisher's r-to-z
transformation was used. All three pairwise comparisons were significant: RMETQ-KMELT: z = 3.42, p <
.001; RMETQ-ARMECD: z = 4.18, p <.001; KMELT-ARMECD: z = 4.61, p < .001. (See Table 11).

Table 11. Fisher's r-z test: comparison of intercomponent correlations between groups after testing

Correlation Pair Exp Post-Test r Ctrl Post-Test r z p

RMETQ - KMELT .61 31 342 <.001
RMETQ — ARMECD .67 27 418 <.001
KMELT — ARMECD 72 33 461 <.001
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Thus, the activity-practical component had the largest increase in indicators under the influence of modular e-
technology (d = 3.39 within the group; n?p = .622 in ANCOVA). At the same time, in the experimental group
after the intervention, a qualitatively new structure of readiness was formed: intercomponent correlations
increased from weak (r = .22—.31) to strong (r = .61-.72).

3.4. Discussion

This study was designed to investigate the pedagogical conditions for the formation of future teachers' readiness
to use modular e-learning technology in university environments. The proposed results made it possible to
interpret the revealed patterns in the context of the available scientific literature, to comprehend their theoretical
and practical implications.

Initial level of readiness and its interpretation. The answer to RQ1 demonstrated that at the beginning of the
study, future teachers of both groups had mainly low and medium levels of readiness in all three components.
In addition, the lowest indicators were recorded in the field of the activity-practical component (M = 7.8 and M
= 7.6, respectively). This result was consistent with the findings of previous researchers, who stated that
traditional pedagogical training, focused mainly on classroom forms of work, was unable to fully ensure a
sufficient level of practical readiness of future teachers to work with digital learning environments [29], [30].
At the same time, a moderate level of the motivational and value component (M = 52 points out of 100) indicated
the existence of an initial positive attitude towards e-learning. However, without sufficient reinforcement with
operational knowledge, a positive attitude towards technology did not yet guarantee readiness for pedagogical
application [31], [32].

Effectiveness of modular e-technology: confirmation of H1 and H2. The results of the comparative analysis
provided an exhaustive answer to RQ2 and confirmed both hypotheses of the study. Hypothesis H1 was
confirmed: after controlling for baseline (ANCOVA), the pedagogical condition explained 43.9% of the
variance in the motivational-value component (n?p = .439, p <.001). At the same time, the difference between
the groups on the post-test was 17.3 points in favor of the experimental group (d = 1.77). The proposed results
showed that systematic work in the modular e-technology environment was an important factor for the further
development of intrinsic motivation, the gradual evolution of the value understanding of digital technologies in
future pedagogical practice. The proposed data confirmed the conclusions of Rajabalee and Santally [33], that
the modularly structured e-environment had a significant positive impact on the learning motivation of
education seekers. Hypothesis H2 was also confirmed. The proposed results prove that the increase in the
activity-practical component in the experimental group (+103.8%, d = 2.58) was greater than the increase in the
cognitive (+82.1%, d = 2.18). Such a development emphasized the special effectiveness of modular e-
technology in the formation of practical skills. This phenomenon was explained by the fact that the authentic
task of designing an e-course in the LMS Moodle required higher education students to reproduce theoretical
knowledge and its transformative application in a real technological environment simultaneously [34], [35]. The
progressive increase in the effect size from the motivational-value (d = 1.77) through the cognitive (d = 2.18)
to the activity-practical component (d = 2.58) testified to the existence of a hierarchical logic of readiness
formation. In particular, the motivational basis opened access to the acquisition of knowledge, and knowledge
became an important basis for the further formation of practical skills.

Among the three components of readiness, the greatest increase was in the activity-practical component, which
was a theoretically significant result. This conclusion was consistent with the conclusions of other researchers
[36], [37]. In the article, it was about effective training of teachers for technologically enriched teaching, which
could not be limited to cognitive assimilation of theory. That is, it required the integration of technological,
pedagogical and subject knowledge in real practical activities.

The share of students with a high level of practical readiness in the experimental group increased from 1.2% to
61.7%. Such a qualitative transition was practically significant from the point of view of real pedagogical
training [38], [39].

Subgroup analysis made it possible to establish that the effect of pedagogical intervention increased with the
increase during study: for the activity-practical component, the effect size increased from d = 2.19 (2nd year)
to d = 3.24 (4th year). This can be explained by more developed self-organization skills, academic maturity and
broader background experience with digital tools among higher-year students. At the same time, even among
2nd-year students, the effect was noticeable (d = 2.19), which was confirmed by the feasibility of introducing
modular e-technology from the initial courses of pedagogical training. The proposed analysis by specialties
demonstrated a statistically significant effect of the intervention in all three groups [40], [41]. Students of the
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specialty "Mathematics and Informatics" showed slightly higher indicators in the activity-practical component
(d = 3.02 versus d = 2.55 for "Primary Education"), which could also indicate a more developed technological
base of this group. However, a one-way ANOVA did not show statistically significant differences between
specialties for RMETQ (p = 0.787). Further, for ARMECD, the differences were only marginally significant (n?
=.074). This demonstrated that modular e-technology was a pedagogically universal tool, effective regardless
of the subject specialization of future teachers [42], [43]. The conclusion obtained expanded the possibilities of
scaling up such experiments in the teacher education system.

Despite the results obtained, the study had several limitations that should be considered during the subsequent
interpretation of the findings. First, the quasi-experimental design with group (rather than individual)
distribution of participants could not ensure the full effect of contamination between groups. Second, the study
was conducted within the framework of one academic discipline and one semester. This situation somewhat
limited the possibility of broader generalization of the findings. Third, the self-report nature of the RMETQ
questionnaire provided for the possibility of socially desirable answers. Although the convergent validity of the
instrument was demonstrated (r = 0.71 with the TAM-EDU scale), this only partially eliminated this risk.

4. Conclusions

Therefore, the ascertainment stage revealed that most future teachers were at low and medium levels of readiness
before the intervention, with the lowest indicators in the activity-practical component (51.9-53.1% of students
at a low level). This indicated a systemic insufficiency of traditional pedagogical training through the prism of
forming readiness for e-learning.

However, the systematic use of modular e-learning technology made it possible to achieve a significant increase
in readiness for all three components (p <.001). The effect sizes are large: between groups d = 1.77-2.58, after
controlling for input indicators n?p = .439—.622, within the experimental group d = 2.41-3.39. The increase in
the experimental group is 3.5-5.2 times higher than the increase in the control group.

The study established a differentiated nature of the intervention's effectiveness: the activity-practical component
had the largest increase (d = 3.39; +103.8%), somewhat smaller — cognitive (d = 2.99; +82.1%) and
motivational-value (d = 2.41; +42.4%). The difference between the effect sizes for the extreme components was
significant (Steiger's Z = 3.14, p = .002). This indicated a higher effectiveness of modular e-technology in the
formation of practical skills compared to motivational changes. The study recorded a qualitative transformation
of the readiness structure in the experimental group: intercomponent correlations increased from weak (r=.22—
.31) to strong (r = .61-.72). Analysis among subgroups indicated two important differentiated patterns. The
effect of pedagogical intervention was cumulative with respect to the course of study — the effect sizes
consistently increased from the 2nd to the 4th year (ARMECD: d = 2.19 — 2.81 — 3.24). This situation
indicated a higher sensitivity of senior students to modular e-learning. At the same time, the effect was universal
with respect to the pedagogical specialty — no statistically significant differences between specialties within
the experimental group were found.

Theoretically, the study expanded the understanding of the mechanisms of formation of professional readiness
of future teachers for e-learning. In particular, the article showed that modular e-technology ensured the growth
of individual components and their systemic integration. In practical terms, the results determined the feasibility
of introducing modular e-technology of education as a mandatory element of the system of training future
teachers in pedagogical universities.
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Appendices
Appendix A

Analytic Rubric for Modular E-Course Design (ARMECD)

Maximum Total Score: 20 points | Scoring Scale per Criterion: 0 (Unacceptable) — 1-2 (Developing) — 3
(Proficient) — 4 (Exemplary)

Part I. Scoring Rubric (ARMECD)

Criterion Unacceptable ~ Developing (1- Proficient (3 Exemplary (4 Score (0-
(0 pts) 2 pts) pts) pts) 4)
1. Clarity and Measurability Learning Objectives are Objectives are Objectives are
of Learning Objectives objectives are stated but clear and precisely
absent or too partially measurable; formulated,
vague to assess; measurable; appropriate fully
no alignment limited use of action verbs are measurable,
with  Bloom's action  verbs used; mostly clearly aligned
taxonomy. from Bloom's aligned with a with a specific
taxonomy. specific level of
cognitive level.  Bloom's
taxonomy, and
directly linked
to  assessment
tasks.
2. Logical Structuring and Content is  General Content is  Content
Sequencing of Content presented in a sequencing is logically demonstrates a
random or present but structured, clearly planned
incoherent transitions sequence from didactic
order; no between simple to sequence; each
logical content sections complex is section builds
progression is are unclear or generally directly on the
evident. illogical in maintained, previous  one;
places. navigation navigation s
between intuitive  and
sections is purposeful.
clear.
3. Variety and Pedagogical Only one type Two or more A range of Activities are
Justification of Learning of learning activity types activity types is diverse,
Activities activity is used are included, used (lectures, deliberately
(e.g., reading but the tasks, forums); selected, and
only); no selection their inclusion pedagogically
pedagogical appears reflects justified in
justification arbitrary rather awareness of relation to
provided. than different learning
intentionally learning modes.  objectives;
designed. balance of
individual,
collaborative,
and reflective
tasks is evident.
4. Quality of Assessment Assessment Some Assessment Assessment  is
Design (Self-Test and Final tasks are absent assessment includes both multi-level
Assessment) or consist solely  tasks are self-test and (formative and
of basic recall present but are final tasks; summative),
questions; no limited in scope questions cover cognitively

connection  to
learning
objectives.

or cognitive
demand; partial
alignment with
objectives.

more than one
cognitive level
and relate to
stated
objectives.

diverse, aligned
with all stated
objectives, and
includes clear
feedback
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Criterion Unacceptable ~ Developing (1- Proficient (3 Exemplary (4 Score (0—
(0 pts) 2 pts) pts) pts) 4)
mechanisms or
answer keys.
5. Technical Implementation The module The module is The module is The module is
in LMS Moodle structure is not uploaded to fully accessible technically
implemented in LMS Moodle in LMS complete, fully
LMS Moodle, but contains Moodle; key functional, and
or significant navigation settings professionally
technical errors errors, broken (visibility, configured in
prevent access links, or deadlines) are LMS Moodle;
or navigation. incomplete configured; all resources are
settings. minor technical properly linked
issues may be and accessible
present. to students.
TOTAL SCORE: /20

Evaluator instructions: Assign a score from 0 to 4 for each criterion. Base your evaluation on the submitted PDF
report and the live Moodle module. In cases of unclear evidence, assign the lower of the two adjacent scores.
Total score is the sum of five criterion scores (max = 20).

Readiness level thresholds: Low: 0—7 pts | Medium: 8—14 pts | High: 15-20 pts

Appendix B.
Distribution of Participants by Readiness Level at Pre-Test and Post-Test (%)
Component Group Pre-Test  Pre- Pre- Post-  Post- Post-
Low Test Test Test Test Test
Mid High  Low Mid High
RMETQ Experimental 444%  519% 3.7% 49% 46.9% 48.1%
(Motivational- Control  45.7% 50.6% 3.7% 39.5% 53.1% 7.4%
Value)
KMELT Experimental 46.9% 50.6% 2.5% 3.7% 395% 56.8%
(Cognitive) Control  49.4% 48.1% 2.5% 42.0% 543% 3.7%
ARMECD Experimental 51.9% 46.9% 1.2% 25% 358% 61.7%
(Activity- Control  53.1% 45.7% 12% 469% 51.9% 1.2%
Practical)

Note. Level thresholds — RMETQ (max = 100): Low 20—46, Mid 47-73, High 74-100; KMELT (max = 30): Low 0-10, Mid 11-20,
High 21-30; ARMECD (max = 20): Low 0-7, Mid 8-14, High 15-20. Chi-square tests (Table III in the main text) confirmed that shifts
in experimental group distributions were statistically significant (p < .001), whereas control group distributions remained stable across
measurement points.
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