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Abstract 
The perception of voice plays an impor-
tant role in auditory learning, as it is asso-
ciated with cognitive load, emotional 
involvement, as well as memory-related 
processes. The study examines the types 
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Резюме 
Восприятие голоса играет важную роль в ауди-
альном воздействии в рамках образовательного 
процесса, поскольку напрямую связано с регу-
лированием внимания, когнитивной нагрузкой, 
эмоциональной вовлеченностью и процессами 
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памяти. В нашем исследовании рассматривает-
ся взаимосвязь между типом голоса (естествен-
ный человеческий или сгенерированный ИИ) и 
ролью голоса как психологического медиатора 
учебной деятельности. В теории Л.С. Вы гот -
ского и деятельностном подходе слушание рас-
сматривается как внутренне структурирован-
ный когнитивно-аффективный процесс, на 
который влияют опосредующие средства. В хо -
де эксперимента сравнивались результаты запо-
минания студентами двух университетов – тех-
нического (МФТИ) и гуманитарного (МГЛУ). 
Участники прослушивали аудиотекст в трех 
голосовых вариантах: озвученный профессио-
нальной актрисой — носителем языка (есте-
ственный), непрофессиональным чтецом — 
носителем языка (естественный), прочитанный 
синтетическим голосом. Точность воспроизве-
дения оценивалась сразу после прослушивания 
с помощью стандартизированного теста. 
Результаты показали, что оба варианта есте-
ственной речи обеспечивали более высокие 
показатели понимания и запоминания по 
сравнению с синтетическим голосом независи-
мо от профиля обучения. Можно предполо-
жить, что естественная просодия и эмоциональ-
ная выразительность способны снижать избы-
точную когнитивную нагрузку и способство-
вать более глубокому кодированию слуховой 
информации. С психологической точки зрения, 
качество голоса можно рассматривать как опо-
средующий инструмент, способствующий повы-
шению психологического комфорта и устойчи-
вости внимания, что снижает уровень учебной 
тревожности и поддерживает субъективную 
удовлетворенность обучением. Полу ченные 
результаты имеют прикладное значение для раз-
работки рекомендаций по выбору и адаптации 
аудиальных и гибридных форматов обучения в 
цифровой образовательной среде. В частности, 
при использовании ИИ-озву чивания в образо-
вательных курсах необходимо учитывать его 
потенциальное влияние на эмоциональное 
состояние обучающихся и риски когнитивного и 
эмоционального перенапряжения. Работа вно-
сит вклад в обоснование психологически ориен-
тированных подходов к внедрению технологий 
искусственного интеллекта в высшее образова-
ние с целью сохранения психологического бла-
гополучия и профилактики эмоционального 
выгорания.  

of narrating voice (natural human or AI-
generated) as psychological mediators of 
learning activity. Within the cultural-his-
torical and activity-based frameworks, 
listening is considered an internally 
structured cognitive–affective process 
influenced by mediational means. In our 
experimental design, undergraduate 
MIPT and MSLU students listened to an 
educational audio text presented in one 
of three voice conditions: professional 
female (natural), native male (natural), 
or synthetic. Immediate recall was 
assessed using a standardized compre-
hension test. The results demonstrated 
significantly higher retention under both 
natural voice conditions compared to the 
synthetic voice, regardless of the stu-
dents’ disciplinary backgrounds. These 
findings suggest that natural prosody and 
emotional expressiveness may reduce 
extraneous cognitive load and facilitate 
deeper encoding of auditory information. 
From a psychological standpoint, voice 
quality can be seen as a mediating tool 
that promotes psychological comfort and 
sustained attention, resulting in reduced 
learning anxiety and improved subjective 
satisfaction with learning. These results 
can be used in recommendations for 
selecting and adapting auditory and 
hybrid learning formats. Specifically, 
when using AI voiceover in educational 
courses, its potential impact on learners’ 
emotional states and risks of cognitive 
and emotional strain should be consid-
ered. The study contributes to the sub-
stantiation of psychological approaches 
to the implementation of AI technologies 
in higher education pursuing psychologi-
cal well-being and preventing emotional 
burnout. 
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Recent years have seen notable improvements in Russian-language large lan-
guage models and speech synthesis systems. Updated versions of platforms such as 
GigaChat (2025) and the growing availability of open-source text-to-speech models 
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trained on Russian-language corpora reveal increasing sophistication in locally 
adapted AI voice technologies. These advances are particularly relevant for educa-
tional settings in which phonetic accuracy, intonation, natural prosody play a cen-
tral role in sustaining learner attention and supporting language acquisition. 

Yet, the ongoing digital transformation of higher education has led to a rise in 
audio-based instructional formats, including recorded and live-streamed lectures. 
As text-to-speech technologies become more accessible and customizable, they are 
increasingly considered as tools for producing instructional materials at scale. 
However, an important pedagogical issue remains insufficiently explored: whether, 
and to what degree, differences between human and synthetic voices affect stu-
dents’ understanding of content and their ability to retain information over time. 
Research in cognitive psychology and educational sciences suggests that speech 
perception is closely tied to prosodic features and to the listener’s sense of engaging 
with either a “living” or “non-living” interlocutor (Shintel et al., 2006; Govender & 
King, 2018). 

This question is particularly relevant as audio formats become increasingly 
embedded in both massive open online courses (MOOCs) and traditional univer-
sity practice. Some recent studies indicate that high-quality TTS (text to speech) 
technology can approximate human narration in certain performance metrics 
(Dinçer, 2022). However, other evidence suggests that natural voices provide rich-
er emotions and lower mental effort, while synthetic voices may impose additional 
cognitive strain and reduce social presence. Theoretical accounts have drawn on 
Cognitive Load Theory and Social Agency Theory to explain these patterns, link-
ing synthetic voices to higher mental effort and weaker social stimulation in 
instructional contexts (Ibid.). Empirical findings corroborate this view: Higgins et 
al. (2022) demonstrated that synthetic voices reduce social engagement in human–
agent interaction. Gong (2023) provided physiological evidence that artificial 
voices elicit cognitive processing patterns associated with increased load. Jing et al. 
(2024) showed that some synthetic voices, especially early-generation or stylized 
TTS, impaired comprehension and diminished the perceived presence of the 
instructor compared to human narration. 

Recent theories further contextualize these findings within broader frameworks 
of cognitive and social mediation in learning. The Cognitive Theory of Multimedia 
Learning (Mayer, 2020) emphasizes the dual-channel processing of auditory and 
visual input and the role of cognitive load in multimedia comprehension. Media 
Equation theory (Reeves & Nass, 1996) and subsequent work on social presence in 
virtual environments (Oh et al., 2018) highlight the human tendency to respond to 
mediated voices and interfaces as socially meaningful. Together, these approaches 
indicate that the perceived naturalness and social authenticity of voice are psycho-
logically relevant to learners’ cognitive efficiency, emotional engagement, and 
motivation. 

In the present study, the mediating role of voice in learning is examined within 
the activity-based approach, rooted in L.S. Vygotsky’s cultural-historical theory 
and A.N. Leontiev’s concept of activity. Within this tradition, knowledge and cul-
tural practices are internalized only through active participation in structured 
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learning activity (Cole & Engeström, 1993; Margolis, 2021; Stetsenko, 2017, 2023; 
Rubtsov, 2024). From this perspective, learning is not simply the transmission of 
information; rather, it involves the organization of activity in which knowledge 
becomes a personal acquisition. Listening to an educational text should therefore 
be viewed as a specific form of learning activity whose effectiveness depends on the 
quality of mediation. A natural, prosodically rich voice can function as a mediation-
al tool that shapes attention and engagement, and facilitate the transition from pas-
sive reception to active participation, whereas a synthetic voice may undermine 
motivation and increase cognitive load (Daniels, 2016). Although this aspect 
exceeds the framework of this research, listening while in dialogue with another 
improves the efficiency of the tool. 

Another dimension concerns the disciplinary profile of learners. Prior studies 
indicate that students from different academic domains exhibit distinct cognitive 
styles, reflecting their disciplinary training and learning practices (Engeström, 
2015). STEM students may develop stronger skills in extracting logical structures; 
students of the humanities may be more attuned to nuances of language and prosody. 

Neuro-pedagogical research suggests that emotional expressiveness of voice is 
associated with more stable attention and reduced listening effort during auditory 
learning. Emotional resonance and the naturalness of voice have been shown to 
influence attention, memory, and motivation (Immordino-Yang, 2016). Synthetic 
voices can increase cognitive load and reduce trust in the information source; nat-
ural voices activate affective-motivational mechanisms that sustain deeper learn-
ing (Shintel et al., 2014; Govender & King, 2018). 

In sum, the relevance of this study is defined by three interrelated factors: the 
rapid growth of audio-based formats and synthesized speech in education; the the-
oretical significance of the activity-based approach, which frames listening as a 
form of learning activity; and the empirical need to compare the impact of natural 
and synthetic voices on comprehension and recall among students from distinct 
disciplinary backgrounds. 

The present study aims to investigate how the voice type and a disciplinary 
affiliation jointly influence learning outcomes, thereby contributing both to the 
theoretical development of the activity-based approach and to the practical design 
of digital learning environments in the era of artificial intelligence. 

Research Questions and Hypotheses 

This study examined how voice types (natural vs. synthetic) and students’ dis-
ciplinary backgrounds (technical vs. linguistic universities) influence comprehen-
sion and recall of an educational audio text. The study was based on the cultural–
historical and activity-based tradition, with particular attention to how voice func-
tions as a mediating element within learning activity (rather than merely as a 
delivery channel). 

On the basis of existing empirical findings and theoretical assumptions, three 
hypotheses were formulated. First, it was expected that natural human voices 
(specifically those of a professional female speaker and a native male speaker) 
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would lead to higher levels of recall than synthetic voices, given their more 
nuanced prosody and greater capacity for emotional expression. Second, students 
from Moscow Institute of Physics and Technology (MIPT) were hypothesized to 
demonstrate stronger performance on retention tasks than students from Moscow 
State Linguistic University (MSLU), a difference attributed to contrasting disci-
plinary orientations and habitual cognitive strategies. Third, no interaction 
between voice type and institutional affiliation was anticipated, suggesting that 
the effect of voice quality would remain consistent across participant groups. 

Beyond hypothesis testing, the study also addressed a few broader research 
questions. The first question was concerned with the extent to which natural and 
synthetic voices differentially influence students’ recall of spoken educational con-
tent. The second question examined whether learners with technical and linguistic 
training differ in how they process and retain information presented in auditory 
form. 

The third research question looked into the combination of voice type and dis-
ciplinary background as a possible factor for producing interaction effects in recall 
performance. The fourth question discussed possible interpretations of the findings 
through the activity-based framework, particularly regarding voice as a mediation-
al tool. Finally, the fifth research question considered the implications of integrat-
ing AI-generated voices in higher education for cognitive efficiency and psycholog-
ical comfort. 

Methods 

To address these questions and to test the proposed hypotheses, we designed an 
experimental study comparing the effects of natural and synthetic voices on recall 
performance among students from two universities with distinct disciplinary ori-
entations. The study employed an auditory learning task, followed by immediate 
recall testing, in order to capture both the main effects of voice type and university 
affiliation and their potential interaction. The experimental design allowed us to 
situate the findings within the activity-based approach, highlighting the mediating 
role of voice in shaping learning outcomes. The following section describes the par-
ticipants, materials, procedure, and analytical methods in detail. 

Participants 

The study involved 214 undergraduate students from two Moscow universities 
with distinct disciplinary orientations: Moscow Institute of Physics and Technology 
(MIPT, n = 107, technical) and Moscow State Linguistic University (MSLU, n = 
107, linguistic). Participants were aged between 18 and 23 years (M = 19.8, SD = 
1.4), with approximately equal gender distribution. All reported normal hearing and 
no history of neurological disorders. Participation was voluntary, and informed con-
sent was obtained in accordance with the institutional ethical guidelines. 



М.Ф. Дель-Ко Гонсалес и др. Психология голоса в цифровом образовании 247

Materials 

The learning stimulus consisted of a short educational audio text (~800 words; 
6 minutes in length) on a general science topic unrelated to the students’ formal 
coursework, ensuring novelty while avoiding disciplinary bias. The text was 
recorded in three voice conditions: 

Professional female narrator (natural voice); 1)
Native male narrator (natural voice); 2)
Synthetic voice generated using a high-quality text-to-speech system. 3)

The natural recordings were produced in a professional studio with controlled 
acoustic quality. The synthetic voice was selected to approximate a neutral, intel-
ligible narration style but without expressive prosodic variation. 

Comprehension was assessed using a multiple-choice recall test comprising nine 
content questions (each with four response options). The test items were balanced 
for difficulty and distributed across different parts of the text. 

Experimental Design 

A two-way analysis of variance (ANOVA) design was employed to examine the 
effects of two independent variables – a university affiliation (MIPT vs. MSLU) 
and the audio type (professional female voice, native male voice, synthetic voice) — 
on recall performance, measured as the number of correct answers to comprehen-
sion questions. Post-hoc Tukey’s tests were used for pairwise comparisons between 
audio types. For question-specific recall performance, chi-square tests assessed the 
association between voice condition and response accuracy.  Statistical significance 
was set at p < .05, and effect sizes (�2 for ANOVA, Cramér’s V for chi-square) were 
calculated to evaluate the magnitude of effects. 

Procedure 

Participants were tested in small groups (10–15 students) in quiet lecture 
rooms at their respective universities. Each group was randomly assigned to one of 
the three voice conditions. At the beginning of the session, participants were 
instructed to listen attentively to the audio recording, with no note-taking 
allowed. Immediately after listening, they completed the recall test individually 
under supervised conditions (maximum time: 15 minutes). 

The entire session lasted approximately 30 minutes, including instructions, 
audio playback, and testing. 

Data Analysis 

Recall performance was operationalized as the number of correct answers 
(range: 0–9). Statistical analysis was conducted using a two-way analysis of vari-
ance (ANOVA) with Voice Type (3: female natural, male natural, synthetic) and 
University Affiliation (2: technical, linguistic) as between-subjects factors. Effect 
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sizes were reported as partial eta squared (�2). Post hoc comparisons were con-
ducted with Bonferroni correction where applicable. 

Results 

A two-way ANOVA revealed a significant main effect of university affiliation on 
recall performance, F(1, 212) = 24.86, p < .001, �2 = 0.46, with MIPT students 
(M = 8.3, SD not reported) outperforming MSLU students (M = 6.1, SD not 
reported). A main effect of audio type was also found, F(2, 212) = 18.35, p < .001, 
�2 = 0.52. Post-hoc Tukey’s tests indicated that both the professional female voice 
(M = 8.2) and the native male voice (M = 7.6) led to much higher retention scores 
compared to the synthetic voice (M = 5.9, p < .01 for both comparisons), with no 
considerable difference between the professional female and native male voices 
(p > .05). The interaction between university and audio type was not significant, 
F(2, 212) = 0.72, p = .49, suggesting that the effect of audio type was consistent 
across both universities. 

For question-specific recall performance, chi-square tests showed meaningful 
associations between voice type and response accuracy for most questions (p < .05), 
except for Question 2 (History of Coffee). Natural voices, particularly the profes-
sional female voice, yielded higher correct response rates (e.g., 90% for Question 1, 
93% for Question 5) compared to the synthetic voice (27%–60% across questions). 
Effect sizes (Cramér’s V) ranged from 0.23 to 0.36, indicating moderate to large 
effects. Tables 1 and 2 summarize these findings: 

Table 1 
Item-Level Chi-Square Tests for Recall Performance by Question

Question x2 Value p-value Cramér’s V

Q1: Caffeine Function 15.42 < 0.001 0.27

Q2: History of Coffee 3.12 0.21 0.12

Q3: Cultural Aspects 18.76 < 0.001 0.30

Q4: Production Process 22.34 < 0.001 0.33

Q5: Scientific Details 25.89 < 0.001 0.36

Q6: Economic Impact 17.45 < 0.001 0.29

Q7: Cultivation Methods 19.67 < 0.001 0.31

Q8: Processing Techniques 16.23 < 0.001 0.28

Q9: Global Trade 20.12 < 0.001 0.32

Примечание. �2 values represent chi-square test results comparing retention accuracy across voice 
conditions. Effect size is reported as Cramér’s V.
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Discussion 

This study examined neuro-pedagogical and psychological aspects of auditory 
learning, focusing on the role of voice type (natural vs. synthetic) and students’ uni-
versity affiliation (technical vs. linguistic). Two robust patterns were observed: first, 
students from the technical university demonstrated higher recall performance than 
students from the linguistic university; second, auditory materials presented with 
natural voices resulted in better retention than those presented with a synthetic 
voice. Importantly, the absence of interaction effects suggests that the psychological 
advantages of natural voices operate similarly across different disciplinary contexts. 

From a cultural-historical viewpoint, these findings support the view that lis-
tening in educational settings is not a passive reception, but a mediated form of 
learning activity. In Vygotsky’s framework, tools and signs organize the internal-
ization of knowledge (Ardila, 2016). In this sense, the human voice, especially 
when rich in prosody, functions as a psychological mediational tool. It helps struc-
ture the flow of information, directs learners’ attention, and creates conditions for 
affective involvement. The superior recall observed under natural voice conditions 
therefore reflects not only acoustic intelligibility but also the role of prosody in 
organizing learning activity. Personality psychologists may also argue that listen-
ing to natural voices can enable an easier identification with the speaker and thus 
increase the effectiveness of listening as a learning experience. 

Prosodic variation, including intonation, pitch, rhythm, and stress, provides lis-
teners with both semantic and emotional cues that facilitate memory encoding. As 
shown by Shintel et al. (2014), prosody supports memory by signaling informa-
tional hierarchy and highlighting key elements of discourse. In the present study, 
natural voices likely facilitated such processing, and the synthetic voice, character-
ized by reduced prosodic variability, appears to have placed greater demands on 
working memory. This interpretation is consistent with research indicating that 
synthetic speech can increase extraneous cognitive load during listening tasks 
(Govender & King, 2018). 

Differences between students from technical and linguistic universities may 
also be interpreted through the lens of cultural-historical psychology. Disciplinary 
training is associated with specific learning practices and cognitive habits that 
shape how students engage with educational material. Technical students may be 

Table 2 
Question-Specific Recall Performance

Condition Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

Professional Female 90% 85% 88% 91% 93% 87% 89% 90% 88%

Native Male 85% 80% 84% 86% 88% 83% 85% 86% 84%

Synthetic 60% 55% 50% 45% 40% 48% 47% 50% 46%
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more accustomed to sustained attention and analytical processing. Linguistic stu-
dents may approach auditory material with a different orientation shaped by their 
educational experience (Daniels, 2016). In this context, recall performance thus 
reflects an interaction between voice quality and culturally formed strategies for 
processing information. 

From a psychological standpoint, the findings indicate that natural voices influ-
ence both cognitive and affective dimensions of auditory learning. Prosodic rich-
ness appears to support more efficient cognitive processing while also enhancing 
learners’ emotional involvement in the listening task. Research in affective neuro-
science suggests that emotional resonance and cognitive effort are closely intercon-
nected in learning processes (Immordino-Yang, 2016). Natural voices appear to be 
associated with lower extraneous cognitive load and higher levels of engagement 
during learning. 

Finally, the results have implications for the use of AI in education. Although 
synthetic voices offer scalability and economic advantages, their limited prosodic 
expressiveness may negatively affect comprehension and engagement. The present 
findings suggest that educational institutions should either prioritize natural 
human narration or invest in advanced synthetic voices capable of conveying 
meaningful prosodic variation. More broadly, the results caution against evaluating 
educational technologies solely in terms of efficiency. The psychological climate of 
learning, including learners’ subjective comfort and engagement, continues to be a 
critical condition for sustaining attention, motivation, and retention in digital edu-
cation. 

Limitations 

The study involved only two Russian universities and a single educational text, 
limiting generalizability. Recall was measured immediately, leaving long-term 
retention untested. Future research should examine whether next-generation TTS 
voices, which may have improved prosody, thus reduce cognitive load and increase 
engagement. Future studies could incorporate psychophysiological methods and 
cross-cultural comparisons. There is a promising idea of an adaptive AI capable of 
simulating prosody and responding to learner feedback. Additionally, the findings 
should be interpreted with caution regarding their generalizability to other lin-
guistic and cultural contexts. Responses to synthetic and human voices are shaped 
by acoustic properties, but also, they are influenced by culturally specific expecta-
tions about speech and human – machine interaction. Prosodic conventions 
(rhythm, stress patterns, intonation) vary across languages and may affect how lis-
teners evaluate the naturalness, credibility, or emotional expressiveness of an arti-
ficial voice. Comparative research across linguistic and cultural settings would 
therefore be valuable, particularly for languages whose prosodic systems differ from 
those of Russian. 

In addition to the methodological limitations discussed earlier, the present find-
ings should be extended with caution beyond the studied population. Perceptual 
judgments of both natural and synthetic speech are closely tied to language-specific 
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