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Abstract: Digital technologies are becoming an integral component of contemporary
special education; however, evidence regarding their effectiveness in supporting speech
development among children with hearing impairment remains limited. This study evaluated the
pedagogical effectiveness of adaptive educational software developed to facilitate speech
development through systematic correctional instruction. A quasi-experimental study involving
174 children aged 7-8 years from seven specialized educational institutions in Uzbekistan was
conducted using experimental and control groups. Participants were assessed before and after
the intervention using a comprehensive framework covering four domains of speech
development: non-speech auditory perception, speech sound perception, pronunciation
accuracy, and communicative vocabulary. The experimental groups participated in correctional
sessions supported by adaptive educational software, whereas the control groups received
conventional speech development instruction. The findings demonstrated consistently higher
learning outcomes among pupils in the experimental groups across all assessed domains.
Statistical analysis confirmed the effectiveness of the proposed pedagogical approach, with
effectiveness coefficients ranging from 1.11 to 1.14, indicating stable positive changes in
children’s speech development. The findings suggest that adaptive educational software can
enhance speech development when integrated into a structured correctional and pedagogical
methodology. The proposed approach may be recommended for implementation in specialized
educational institutions and other educational settings supporting children with hearing
impairment.
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Introduction. The development of oral speech in children with hearing impairment remains
one of the most significant challenges in contemporary special education. Despite substantial
advances in correctional pedagogy, many learners continue to experience persistent difficulties in
speech perception, pronunciation, vocabulary acquisition, and communicative interaction. These
difficulties influence not only language development but also academic achievement, social
participation, and successful adaptation to the educational environment. Therefore, the search
for effective pedagogical approaches capable of improving speech development continues to be
an important area of scientific research and educational practice [4].

The ongoing digital transformation of education has considerably expanded the possibilities
for providing correctional support to children with special educational needs. Interactive
educational technologies create conditions for individualized learning, systematic repetition of
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educational material, immediate feedback, and increased learner motivation. Within special
education, these opportunities are especially valuable because speech development requires
continuous practice, gradual complication of learning tasks, and adaptation to the individual
capabilities of each learner. At the same time, the effectiveness of digital technologies depends
not only on their technical characteristics but primarily on the pedagogical methodology
underlying their application [0].

Although various digital resources have been introduced into speech and language
intervention during recent years, many published studies have focused on isolated aspects of
speech correction or on the description of individual technological solutions. Considerably less
attention has been devoted to comprehensive pedagogical evaluation of educational software
designed to improve several interconnected components of speech development simultaneously
under real educational conditions. Consequently, further empirical evidence is required to
determine how adaptive digital technologies influence different aspects of speech development
in children with hearing impairment [5]. In the present study, speech development is considered
as a multidimensional pedagogical process that includes the formation of non-speech auditory
perception, speech sound discrimination, pronunciation accuracy, and communicative
vocabulary. The research is based on the assumption that integrating these components into a
unified adaptive digital learning environment can increase the effectiveness of correctional and
pedagogical work conducted in specialized educational institutions.

The purpose of this study was to evaluate the effectiveness of adaptive educational software
developed for speech development in children with hearing impairment through a controlled
pedagogical experiment conducted in specialized schools. The effectiveness of the proposed
approach was assessed by comparing the outcomes of experimental and control groups using
established pedagogical assessment criteria and statistical analysis.

Materials and Methods

The study employed a quasi-experimental design aimed at evaluating the pedagogical
effectiveness of adaptive educational software developed to support speech development in
children with hearing impairment. The research was conducted under the natural conditions of
specialized educational institutions, enabling an objective assessment of the proposed digital
technology within the regular correctional and educational process. The study was implemented
over a three-year period (2022-2025) and included three successive stages: baseline assessment,
formative intervention, and final evaluation.

At the baseline stage, the initial level of speech development was assessed using a set of
pedagogical diagnostic tasks designed to evaluate the principal components of speech functioning
in children with hearing impairment. During the formative stage, the experimental groups
participated in systematic correctional sessions supported by the developed educational software,
whereas the control groups continued learning through conventional instructional approaches
routinely applied in specialized schools. The final stage focused on comparative evaluation of
learning outcomes and statistical verification of the effectiveness of the proposed pedagogical
intervention.

The experimental study involved 174 children with hearing impairment aged 7-8 years
enrolled in Grades 1 and 2 of specialized schools for children with hearing impairment located
in different regions of Uzbekistan. The research was conducted in seven specialized educational

5 August 2026 24

N N



European Review of Contemporary Arts and Humanities | Volume 2 Issue 8 ISSN 3117-3551

institutions, providing an opportunity to evaluate the effectiveness of the proposed pedagogical
approach under diverse educational conditions [3]. To ensure the reliability of the findings,
participants were divided into experimental and control groups. The experimental groups
consisted of 40 first-grade and 47 second-grade pupils who participated in speech development
activities supported by the adaptive educational software. The control groups included the same
number of pupils receiving conventional correctional instruction without the use of the
developed software. Such organization of the experiment enabled direct comparison between
traditional pedagogical practice and the proposed technology-assisted approach.

The pedagogical intervention was based on adaptive educational software specifically
designed to facilitate speech development in children with hearing impairment. Rather than
functioning solely as a digital learning application, the software served as an integrated
pedagogical tool supporting correctional instruction through interactive educational activities,
structured auditory exercises, visual learning materials, and individualized feedback. The
instructional content of the software was organized to promote the gradual development of
several interrelated speech abilities. Interactive tasks encouraged children to distinguish
environmental sounds, perceive and discriminate speech sounds, improve pronunciation
accuracy, regulate speech breathing, expand communicative vocabulary, and participate more
actively in verbal interaction. Educational activities were presented in a game-based format,
allowing learners to repeat tasks multiple times while maintaining motivation and sustained
engagement throughout the instructional process. The effectiveness of the proposed pedagogical
intervention was evaluated through a comprehensive assessment procedure designed to examine
the principal components of speech development in children with hearing impairment. The
assessment framework was developed in accordance with the objectives of the study and reflected
the multidimensional nature of speech acquisition within special education [3].

Four complementary domains of speech development were selected for evaluation.

The first domain assessed non-speech auditory perception. Children completed a series of
pedagogical tasks requiring them to recognize, discriminate, and identify environmental sounds
encountered in everyday situations [1]. These activities examined auditory attention, auditory
memory, and the ability to distinguish individual as well as simultaneously presented sound
sources. Successful completion of these tasks reflected the child’s ability to perceive auditory
information necessary for subsequent speech development.

The second assessment domain focused on speech sound perception and discrimination.
Children performed structured activities requiring accurate perception of speech sounds,
recognition of phonological differences, regulation of speech breathing, and production of
sustained vowel sounds. Particular attention was given to the child’s ability to monitor vocal
intensity, maintain phonation, and differentiate speech sounds that are essential for developing
intelligible oral communication [3].

The third domain evaluated pronunciation accuracy and self-monitoring of speech
production. Participants listened to reference pronunciations, produced target words
independently, and compared their own pronunciation with the presented speech model [2]. The
assessment considered articulation accuracy, preservation of phonemic structure, pronunciation
intelligibility, and the child’s ability to recognize and correct pronunciation errors during speech
production.
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The fourth domain examined communicative vocabulary and speech fluency. Assessment
tasks required children to reproduce words and short verbal expressions within a limited period
of time while maintaining pronunciation accuracy and speech continuity. This component
evaluated vocabulary use in communicative situations together with speech fluency, speech rate,
verbal activity, and regulation of speech breathing during continuous oral production. For each
assessment domain, participants’ performance was classified into high, moderate, or low
achievement levels according to predefined pedagogical criteria. These criteria enabled consistent
comparison between the experimental and control groups during both the initial and final stages
of the pedagogical experiment and provided the basis for subsequent statistical analysis.
Quantitative analysis was performed to determine whether the observed differences between the
experimental and control groups were statistically significant. The statistical procedure included
calculation of arithmetic mean values, variance, standard error, confidence intervals, coefficients
of variation, and instructional effectiveness coefficients [2]. Differences between groups were

examined using Student’s ~test at the established level of statistical significance.

Table 1.

Statistical Verification of the Experimental Results
Speech Grade  |[Experimental Control |Effectiveness  |Student’s # |Critical  |Interpretation
development group (Mean) group coefficient () value
component (Mean)
Non-speech Grade 1 [4.16 3.72 1.12 3.25 1.98 Significant
auditory Grade 2 |4.38 3.88 1.13 3.53 1.98 Significant
perception
Speech sound  |Grade 1 [4.18 3.75 1.11 2.74 1.98 Significant
perception Grade 2 4.40 3.90 1.13 3.30 1.98 Significant
Pronunciation  |Grade 1 |4.25 3.75 1.13 3.12 1.98 Significant
accuracy Grade 2 445 3.92 1.14 3.49 1.98 Significant
'Vocabulary Grade 1 [4.24 3.76 1.13 3.25 1.98 Significant
development  |Grade 2 [4.48 3.93 1.14 3.53 1.98 Significant

The effectiveness coefficient was calculated by comparing the mean achievement scores of
the experimental and control groups. In addition, confidence intervals were estimated for each
group to evaluate the stability of the obtained results. The statistical analysis made it possible not
only to compare learning outcomes but also to determine the reliability of the observed
differences and to assess the pedagogical effectiveness of the developed educational software
under real educational conditions.

Results

The pedagogical experiment was conducted to determine whether the integration of
adaptive educational software into correctional instruction could improve different components
of speech development in children with hearing impairment. Comparative analysis of the initial
and final assessment results demonstrated positive changes across all evaluated domains.
Although both the experimental and control groups showed certain improvements during the
study period, the progress achieved by pupils who participated in software-supported instruction
was consistently greater. These differences became apparent in each component of speech
development and were subsequently confirmed through statistical analysis [2].

Changes in Non-Speech Auditory Perception. The first stage of the analysis focused on the
development of non-speech auditory perception. This component represents an important
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prerequisite for speech acquisition because accurate recognition and differentiation of
environmental sounds contribute to the formation of auditory attention, auditory memory, and
the ability to process acoustic information [8].

The comparison of the final assessment outcomes demonstrated a clear redistribution of
pupils across the three achievement levels. In the experimental groups, the proportion of children
demonstrating high achievement increased, whereas the proportion of pupils classified at the low
level decreased considerably. Although improvements were also observed in the control groups,
their magnitude was noticeably smaller. These findings indicate that systematic integration of
adaptive auditory exercises into correctional instruction created more favourable conditions for
the development of auditory perception than traditional instructional approaches alone.

The obtained results demonstrate that improvement was observed not only among pupils
with initially higher levels of performance but also among children who had experienced
considerable perceptual difficulties at the beginning of the experiment. Such changes suggest that
the proposed pedagogical approach supported gradual development across learners with
different initial levels of speech readiness rather than benefiting only a limited subgroup of
participants.

Development of Speech Sound Perception. The second assessment domain examined
children’s ability to perceive and discriminate speech sounds. Development of this ability is
essential for accurate pronunciation because successful speech production depends on the
learner’s capacity to distinguish phonological contrasts and correctly interpret auditory
information.

Analysis of the experimental outcomes revealed a positive trend in both age groups. Pupils
who participated in software-assisted instruction demonstrated higher levels of speech sound
perception than their peers receiving conventional correctional support. The improvement was
reflected in the increasing proportion of children reaching the high achievement level together
with a corresponding reduction in the number of pupils demonstrating insufficient mastery of
speech perception skills.

Rather than representing isolated improvements in individual tasks, these changes indicate
systematic development of auditory discrimination abilities throughout the instructional period.
The repeated use of interactive listening activities, gradual progression of task difficulty, and
continuous pedagogical feedback appear to have contributed to the observed educational
outcomes [10].

Development of Pronunciation Accuracy. Pronunciation accuracy was evaluated as an
indicator of children’s ability to apply auditory information during oral speech production. This
component required coordinated functioning of auditory perception, articulatory movements,
speech breathing, and continuous self-monitoring.

The findings demonstrate that pupils participating in the experimental programme showed
greater improvement in pronunciation accuracy than those instructed through conventional
correctional methods. The proportion of pupils achieving higher performance levels increased
steadily in the experimental groups, whereas the number of children experiencing persistent
pronunciation difficulties decreased. These changes suggest that the pedagogical intervention
contributed not only to improved articulation but also to greater stability of pronunciation during

continuous speech production.
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An important characteristic of the obtained results is their consistency across both grades
included in the study. This tendency indicates that the effectiveness of the proposed educational
software was not limited to a specific age group but remained stable throughout the investigated
stage of primary education.

Development of Communicative Vocabulary. The final component of the pedagogical
assessment examined children’s communicative vocabulary and their ability to use speech during
structured educational interaction. In contrast to isolated pronunciation tasks, this assessment
reflected the practical application of previously acquired speech skills in communicative
situations.
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Figure 1. Mean Scores of the Experimental and Control Groups Across the Assessed Speech
Development Components

The comparative analysis demonstrated that pupils from the experimental groups achieved
higher levels of communicative vocabulary development than children in the control groups.
Alongside improvements in vocabulary use, teachers observed greater verbal activity, increased
confidence during oral responses, and more stable participation in communicative tasks. These
outcomes indicate that the proposed digital intervention supported not only individual speech
skills but also the functional integration of these skills into everyday communication.

The comparative mean scores obtained by the experimental and control groups across the
assessed components of speech development are presented in Figure 1.
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Figure 2. Effectiveness Coefficients of the Adaptive Educational Software Across the Assessed
Components of Speech Development
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The calculated effectiveness coefficients for each speech development component are
presented in Figure 2.

Conclusion

The present study examined the pedagogical effectiveness of adaptive educational software
designed to support speech development in children with hearing impairment within specialized
educational settings. The findings demonstrate that systematic integration of digital educational
technology into correctional instruction contributes to measurable improvements across several
interconnected components of speech development.

The comparative analysis revealed that pupils participating in the experimental programme
consistently outperformed their peers receiving conventional correctional instruction. Positive
changes were observed in non-speech auditory perception, speech sound discrimination,
pronunciation accuracy, and communicative vocabulary development. Statistical analysis
confirmed that these improvements were not incidental but reflected the educational
effectiveness of the proposed pedagogical approach. The obtained results provide empirical
evidence supporting the integration of adaptive educational software into contemporary
correctional and pedagogical practice [12].

An important contribution of the study lies in demonstrating that educational software
should not be regarded merely as a technological product but as a pedagogically structured
instructional tool integrated into the broader system of speech development. The effectiveness
of the proposed approach is associated with the systematic combination of auditory training,
visual support, interactive learning activities, continuous pedagogical feedback, and gradual
progression of educational tasks adapted to children’s individual learning needs.

The practical value of the research extends to specialized schools, speech-language therapy
services, and inclusive educational environments where digital technologies may complement
existing correctional methods. The proposed pedagogical approach can assist teachers and
speech-language specialists in organizing individualized learning activities while maintaining
continuity between speech perception, pronunciation training, and communicative practice [11].

Future research may investigate the long-term effectiveness of adaptive educational
technologies in different educational contexts, examine their application among learners of
different age groups, and explore the potential integration of intelligent adaptive algorithms
capable of providing increasingly personalized correctional support.Overall, the results of the
study indicate that adaptive educational software, when implemented within a scientifically
grounded pedagogical methodology, represents an effective instrument for improving speech
development in children with hearing impairment and contributes to the modernization of
correctional education through evidence-based digital innovation.
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