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Abstract. Prosodic organization of speech is relevant to both the comprehension of the
spoken text and subjective voice evaluation. This pilot study compared direct comprehension
and subjective evaluation of the same English-language educational text voiced by a professional
female narrator and a synthesized voice perceived as female. Data from 145 university students
(females = 37.9%, males = 62.1%) with an upper-intermediate level of English or higher were
analyzed. Each study group listened to only one recording (natural voice: n = 77; synthesized
voice: n = 68). After listening, the participants answered five content-related questions and
rated the recording on 12 five-point semantic-differential scales. Direct comprehension scores
did not differ between the conditions. In contrast, the semantic-differential ratings varied: after
applying the Holm correction, the synthesized recording received less positive ratings on the
attractiveness, interest, informativeness, vividness, and scientific validity scales. In the natural-
voice condition, factorization revealed components of general evaluation/attractiveness,
cognitive accessibility/clarity, and activation. In the synthesized voice condition, the structure
was less compact: cognitive-evaluative, activation/richness, and expressive-appeal components
were identified, with the fourth eigenvalue also exceeding 1. The obtained data indicate that the
two recordings provided similar direct factual comprehension but different subjective ratings.
Because the results relate to two specific stimuli, it is impossible to separate the voice source
from the speaker’s identity and other delivery features.
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Introduction

Spoken language reaches the listener as a structured acoustic event rather
than as a sequence of lexical units alone. Pitch changes, rhythm, stress, and pauses
mark phrase boundaries, indicate emphasis, and help the listener organize incoming
speech (Cole, 2015; Cruttenden, 1997; Cutler et al., 1997; Hirschberg, 2002).
Prosodic phrasing can reduce structural ambiguity in sentence comprehension
(LaCroix et al., 2019; Schafer et al., 2000). In this functional sense, intoning is part
of meaning construction: the same verbal sequence can be perceived differently
depending on how emphasis, tempo, and melodic contour are distributed throughout
the utterance.

This point is especially relevant to foreign-language listening. Lexical access
and syntactic parsing are less automated in a second language, so listeners may rely
more on temporal and prosodic cues. Pitch stress can influence what learners
remember from spoken discourse (Guan et al., 2022), while speech rate influences
perceived comprehensibility and listener evaluation (Munro & Derwing, 1998,
2001). Prosody also conveys emotion and pragmatic stance, which means that the
listener processes not only propositional content but also information about how
that content is presented (Mauchand et al., 2021; Paulmann & Kotz, 2008).

The voice therefore becomes part of the educational stimulus. Short fragments
are sufficient for listeners to form social impressions of the speaker, and those
impressions are sensitive to voice pitch and tempo (Apple et al., 1979; Baus et al.,
2019; McAleer et al., 2014). In multimedia learning, the speaker’s voice can
function as a social cue (Mayer et al., 2003). In classroom communication, vocal
delivery changes how motivational messages are perceived (Paulmann & Weinstein,
2025). These findings make it possible to identify at least two outcomes of
educational listening: whether the learner can reconstruct the factual content and
how the learner evaluates the auditory presentation itself.

In the text-to-speech context, this distinction becomes increasingly important.
Early work showed increased short-term memory loads when synthesized speech
was used (Luce et al., 1983), while more recent studies provided a less consistent
picture. Human speech is often preferable, but comprehension depends on the task,
the listener, and the particular synthesis used (Curtin & Ayaz, 2017; Gong, 2023;
Rodero, 2017). Dylman and colleagues (2025), for example, found that both
intonation and voice type could influence listening comprehension in children.
Therefore, the practical question is not simply whether synthesized speech is ‘better’
or ‘worse’ than natural speech. A synthesized recording can remain intelligible
while eliciting different emotional or evaluative responses.

The semantic differential offers a compact way to describe such responses.
Osgood and colleagues (1957) showed that bipolar adjective scales are often
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organized around broad dimensions, commonly described as Evaluation, Potency,
and Activity. However, these dimensions should not be viewed as invariant
templates. A task-specific semantic differential is constructed around the rated
object, and its factorial organization can vary depending on the stimulus and the
group. Voronin (2018), for example, demonstrated that contrasting groups of
respondents can construct different semantic structures around the same domain.
This is relevant in this case, as the presented adjective pairs were selected to
represent several aspects of listening comprehension—overall evaluation and
attractiveness, cognitive accessibility and credibility, and activation—yet their
empirical organization could have emerged from the ratings.

The present study combines a short comprehension test with a semantic-
differential evaluation of two female-voiced realizations of the same English
educational text. It is deliberately framed as a pilot study. The study design does not
involve manipulation of individual acoustic variables and does not allow for the
general effect of natural and synthesized speech to be determined. However, it can
address a more specific question of whether the two recordings with identical verbal
content produce similar direct comprehension and whether the students describe
their listening experience in the same way. Factorization of the semantic-differential
ratings is used as a research method to examine how the adjective pairs are organized
within each voiced version.

Purpose and hypotheses

The study compared direct comprehension and semantic-differential ratings
after the participants listened to the same foreign-language educational text delivered
the natural or synthesized female voice.

Hypothesis 1: Direct comprehension will be higher after listening to the
natural voice recording than after listening to the synthesized voice recording.

Hypothesis 2: The natural voice recording will receive more positive semantic-
differential ratings than the synthesized voice recording.

Methods
Design and stimuli

The pilot analysis used two conditions: a natural female professional voice
and a synthesized female voice.

The verbal material was a 789-word English informational text on the history
of coffee, its social role, and its physiological effects. The professional recording
was taken from a publicly available copy of the BBC video What does coffee do to
your body?'. The professional narrator was a woman. The first author transcribed
the text and used an online text-to-speech service to generate a synthetic version
based on the transcript. The selected synthesized voice sounded female. Both
recordings contained the same spoken text.

! Learn English through Mass Media. (2024, May 16). What does coffee do to your body? BBC
World Service.mp4 [Video]. VK Video. https://vkvideo.ru/video-200164765 456240346
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The recordings were played in routine classroom settings. Before playback,
the instructor asked the students to listen carefully to the recording and independently
complete an online form after listening. Written informed consent was obtained
before participation. The responses were anonymous.

Participants

The sample included 145 persons, 77 of whom listened to the professional
natural voice and 68 listened to the synthesized voice. The participants were students
at Moscow Institute of Physics and Technology (MIPT) or Moscow State Linguistic
University (MSLU) and had an English proficiency level of upper-intermediate or
above, as determined by university placement or achievement testing and program
requirements. The stimuli were divided into groups, and each participant listened to
only one recording. The main characteristics of the samples are presented in Table 1.

Table 1
Sample characteristics depending on voice conditions

Characteristic

Professional natural voice

Synthesized voice

N 77 68
Age, M (SD) 20.91(1.70) 19.78 (1.42)
Age, median [IQR] 21 [20-22] 20 [19-21]
Women / men, n 31/46 24 /44
MIPT / MSLU, n 51/26 45/ 283
Study year, median [IQR] 4 [2-4] 3[1-3]

Note. The conditions were similar in gender (p = 0.539) and institution (p = 0.994), but differed in age
(p <0.001) and study year (p < 0.001).

Measurements

Five items were scored for direct comprehension. Three were multiple-choice
questions and two required short answers (see Appendix). Each correct answer
received one point; the total score ranged from 0 to 5. Spelling errors and minor
spelling variations were ignored.

The semantic differential contained 12 bipolar scales presented in Russian.
The pairs were selected to cover three content domains relevant to auditory
evaluation: general evaluation and attractiveness (Useful—Harmful, Attractive—
Repulsive, Interesting—Boring, Bright—Dull, Captivating—Ordinary, Beautiful—
Prosaic, Rich—Empty), cognitive accessibility and credibility (Simple—Complex,
Informative—Confusing, Concrete—Abstract, Scientifically Valid—Dubious), and
activation (Calming—Stimulating). This grouping was a content rationale for
selecting adjectives, not a predetermined factor model. The procedure followed the
general semantic-differential approach of Osgood and colleagues (1957) and the
logic of task-specific semantic differentials (Voronin, 2018); it was not intended as
a psychodiagnostic scale. Responses ranged from 1 for the left pole to 5 for the right
pole. For the rating pairs, lower scores therefore indicated proximity to the more
favourable left pole. The Calming—Stimulating pair was interpreted as an activation
continuum rather than as a positive—negative pair. The order of the poles was not
varied, which could have increased position-related response bias.
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Data analysis

The two voice conditions were compared using the Mann—Whitney U-test.
The Holm correction was applied to all the 12 scale-level comparisons, and the
rank-biserial correlation (r7b) was used as the effect size. The semantic differential
dimension was examined separately in the two conditions. Exploratory principal
component analyses utilized the correlation matrix and Varimax rotation. The
number of components was examined using the Kaiser criterion (eigenvalues > 1),
visual inspection of scree plots, and comparison of two- and three-component
solutions (Fabrigar et al., 1999; Voronin, 2018). Because the sample was small and
the solutions were not identical across conditions, factorization was interpreted
descriptively, and factor scores were not compared between the groups.

Results
Objective comprehension

The professional natural voice group obtained M = 3.23 (SD = 0.89;
median = 3), and the synthesized voice group obtained M = 3.10 (SD = 0.93;
median = 3). The distributions did not differ, U = 2800.5, p = 0.445, rrb = 0.070.
Hypothesis 1 was not confirmed.

Semantic-differential ratings

Figure presents mean ratings for all the 12 semantic pairs, and Table 2 provides
the corresponding descriptive statistics, Mann—Whitney tests, effect sizes, and Holm-
corrected p values. The left and right poles are shown directly in the figure. Scores
ranged from 1 (left pole) to 5 (right pole); for the rating pairs, lower scores indicate
amore favourable evaluation. The largest differences between the conditions concerned
attractiveness, interest, informativeness, brightness, and scientific credibility.

Table 2
Semantic-differential ratings depending on the voice conditions
M (SD)
Scale Professional Synthesized u rrb Holm p
voice voice

Useful—Harmful 2.06 (0.99) 2.47 (1.14) 2084.0 -0.204 0.166
Attractive—Repulsive 2.16(1.10) 3.25(1.24) 1369.0 -0.477 <0.001
Interesting—Boring 2.30(1.18) 3.21(1.28) 1554.5 -0.406 <0.001
Simple—Complex 2.36 (0.90) 2.76 (1.13) 2138.5 -0.183 0.166
Informative—Confusing 2.01(1.04) 2.84 (1.28) 1647.0 -0.371 <0.001
Calming—Stimulating 2.70(0.95) 3.12(1.17) 2111.5 -0.193 0.166
Bright—Dull 2.60(1.09) 3.24 (1.19) 1848.0 -0.294 0.013
Concrete—Abstract 2.18 (1.10) 2.57 (1.33) 2209.0 -0.156 0.166
Scientifically justified—Dubious 2.23(1.00) 2.84(1.11) 1779.0 -0.320 0.005
Captivating—Ordinary 2.82(1.27) 3.35(1.21) 1980.5 -0.244 0.068
Beautiful—Prosaic 2.96 (1.09) 3.35(1.06) 2105.0 -0.196 0.166
Rich—Empty 2.13(1.04) 2.53(1.14) 2085.0 | -0.204 0.166

Note. Lower values indicate proximity to the adjective on the left. Negative rrb values indicate lower
ratings in the professional natural voice condition.
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Mean semantic-differential ratings depending on the voice conditions with 95% bootstrap
confidence intervals

Note. Scores range from 1 (left pole) to 5 (right pole). For evaluative pairs, lower values indicate a more favorable rating;
the Calming—Stimulating pair represents activation rather than valence.

Source: created by Mikhail O. Matveev and Olga A. Ulyanina using Python 3.13.5 and Matplotlib 3.10.8.

After the Holm correction, significant differences remained for the pairs:
Attractive—Repulsive, Interesting—Boring, Informative—Confusing, Bright—
Dull, and Scientifically Valid—Dubious. The synthesized recording received less
favorable mean across all the significant comparisons.

Factor structure

In the professional natural voice condition, the Kaiser criterion retained three
components (eigenvalues = 5.00, 1.46, and 1.11); together, they explained 63.1%
of the variance. In the synthesized voice condition, four eigenvalues exceeded 1
(4.69, 1.34, 1.28, and 1.18). The first three explained 60.9% of the variance. Scree
plots showed a dominant first component followed by smaller components in both
conditions. Two-component solutions explained 53.8 and 50.3% of the variance
and left the Calming—Stimulating scale weakly represented. Therefore, three-
component Varimax solutions were inspected as a parsimonious descriptive
representation (Tables 3 and 4). The fourth synthesized component was viewed as
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evidence that the structure in that condition could be more differentiated than
a three-component summary might suggests.

Table 3
Three-component Varimax solution in the professional natural voice condition
Scale Component 1 Component 2 Component 3
Useful—Harmful 0.627 0.102 0.374
Attractive—Repulsive 0.800 0.266 0.104
Interesting—Boring 0.829 0.155 -0.091
Simple—Complex -0.070 0.801 0.099
Informative—Confusing 0.485 0.642 -0.134
Calming—Stimulating -0.029 —-0.021 0.903
Bright—Dull 0.726 0.044 -0.253
Concrete—Abstract 0.135 0.684 -0.103
Scientifically justified—Dubious 0.612 0.401 -0.005
Captivating—Ordinary 0.773 -0.053 0.026
Beautiful—Prosaic 0.636 0.024 -0.210
Rich—Empty 0.879 0.040 0.010
Variance explained, % 38.8 15.0 9.3
Note. Loadings with |.40| or greater are shown in bold.
Table 4
Three-component Varimax solution in the synthesized voice condition
Scale Component 1 Component 2 Component 3

Useful—Harmful 0.788 0.032 0.325
Attractive—Repulsive 0.478 -0.092 0.637
Interesting—Boring 0.650 -0.117 0.497
Simple—Complex 0.123 0.441 0.471
Informative—Confusing 0.793 0.186 0.276
Calming—Stimulating 0.261 0.739 -0.123
Bright—Dull 0.158 -0.172 0.828
Concrete—Abstract 0.675 -0.078 -0.027
Scientifically justified—Dubious 0.750 -0.019 0.140
Captivating—Ordinary 0.181 0.140 0.794
Beautiful—Prosaic 0.374 -0.335 0.387
Rich—Empty 0.471 -0.609 0.000
Variance explained, % 28.5 111 21.3

Note. Loadings with |.40| or greater are shown in bold.
In the professional natural voice condition, Component 1 was dominated by

general evaluation/attractiveness, Component 2 was dominated by cognitive
accessibility/clarity, and Component 3 was dominated by activation. In the
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synthesized voice condition, the three-component solution separated cognitive-
evaluative descriptors, activation/richness, and expressive attractiveness less
cleanly; the fourth eigenvalue above 1 indicates additional residual structure.

Discussion

Both recordings produced similar scores on the five items related to direct
comprehension. In this pilot sample, the results do not support the superiority of the
professional natural voice for factual comprehension. This finding is compatible
with previous research showing that synthesized speech can remain intelligible
even when it differs from natural speech in terms of processing requirements or
listener evaluation (Curtin & Ayaz, 2017; Rodero, 2017). The result should not be
generalized to other voices or longer-term learning outcomes.

The semantic differential revealed a different pattern. After correcting for
multiple testing, the students rated the synthesized recording as less attractive, less
interesting, less informative, more boring, and less scientifically valid. This result is
consistent with previous findings that human and synthesized voices can differ in
listener evaluations even when both remain intelligible (Curtin & Ayaz, 2017;
Gong, 2023; Luce et al., 1983; Rodero, 2017). Thus, Hypothesis 2 was partially
supported: the expected direction was observed across several rating scales, but not
on every pair.

The factorization is also informative. The 12 adjective pairs were selected
to represent several content domains, but this selection did not predetermine the
statistical structure. In the professional natural voice condition, the three-
component solution identified a broad evaluation/attractiveness component,
a cognitive-accessibility component, and an activation component dominated by
Calming—Stimulating. In the synthesized voice condition, the organization was
less compact: the Kaiser criterion indicated four components, while the three-
component solution only approximately separated cognitive-evaluative
descriptors, activation/richness, and expressive attractiveness. Thus, Simple—
Complex and Calming—Stimulating do not behave as conventional indicators of
the same general evaluative dimension. The difference between the conditions is
consistent with the psychosemantic view that the structure of the task-specific
semantic differential depends on the rated object and the context of evaluation
(Osgood et al., 1957; Voronin, 2018). Given the small group sizes, these factorial
solutions should be considered preliminary.

The practical implications are intentionally limited. A brief comprehension
assessment revealed no differences between the two recordings, whereas several
subjective ratings did. For developers and teachers using synthesized audio in
foreign language educational materials, this suggests that a pilot evaluation with
a target group of learners could reveal differences in perceived attractiveness,
informativeness, brightness, or credibility that a brief factual test might miss. This
study does not determine the acoustic characteristic responsible for these differences,
nor does it establish a general advantage of natural speech.
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Limitations. The study compared one professional natural voice recording
with one synthesized voice recording. The voice source was not separated from the
speaker’s identity, vocal quality, duration, or tempo of speech. Therefore, the results
obtained are applicable only to these stimuli.

The semantic-differential poles were presented in a fixed order, which could
have led to position-related response bias. The comprehension test contained only
five items and assessed direct fact retrieval. The factor analyses were conducted on
relatively small subgroups and should therefore be considered preliminary;
replication with a larger sample and a balanced pole order is needed.

Conclusion

In this pilot study, a professional natural female voice and synthesized
female voice produced similar direct comprehension of the same English
educational text but elicited different subjective evaluations. The natural voice
recording was rated more favourably on attractiveness, interest, informativeness,
brightness, and scientific credibility. Exploratory factor analysis also revealed
that the semantic-differential ratings were organized differently in the two
conditions. These findings apply to the two recordings used here and cannot be
attributed solely to the voice source. However, they support the feasibility of
analyzing comprehension and listener evaluation as separate outcomes in foreign-
language educational listening.
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APPENDIX
Comprehension items and scoring key
No. Item Correct answer
1 | How did coffee houses contribute to social change during They provided venues for
the Enlightenment? business, politics, and sharing
ideas
2 | What is the main active ingredient in coffee? Caffeine
3 | How does caffeine affect the nervous system? It blocks adenosine receptors to
boost alertness
4 | Coffee has been consumed for at least years, shaping 1,500
global culture.
5 | Drinking too much coffee may cause side effects such as Insomnia
and nervousness.
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KpaTkoe coobuieHmne

EcTecTBEHHbIN U CUHTE3UPOBaHHbIN roJs1I0C
npu ayaupoBaHUU HAa MHOCTPAHHOM fI3bIKe:
nUoTaXHoe uccsieaosaHme NOHMMaHUS TEKCTa U OLLeHOK
no cemaHTndyeckomy auddpepeHumnany

M.O. Margees' 2=, O.A. YViabgaauna'?

! MOCKOBCKUH (pU3UKO-TeXHUYECKUI MHCTUTYT (HanmoHanbHbIi UCCcienoBaTeNbCKUNA yHU-
BepcureT), Joneonpyonsiil, Poccuiickas @edepayust
2 MOCKOBCKHUH TOCY/IapCTBEHHBIN MICUXOJIOTO-TIEarOTUYECKUN YHUBEPCUTET, Mockaa,
Poccuiickaa @edepayus
P mike-matveev@mail.ru

AnHoTanus. [Ipocoauueckas opraHu3aliis peuu cBsi3aHa Kak ¢ TOHUMaHHUEM 3Byvallie-
0 TEKCTA, TaK U ¢ CyObEKTHUBHOM OLIEHKOH rofoca. B nunoTaxHoM Hccllel0BaHUH CONOCTABIIS-
JIFICh HETIOCPEICTBEHHOE TOHUMAHUE M CyObEKTHBHAS OIICHKA OTHOTO M TOTO YK€ aHIJIOS3BITHOTO
yueOHOT0 TeKCTa, 03BYYEHHOTO MPO(eCCHOHAIBHBIM AUKTOPOM-KEHIIUHON 1 CUHTE3UPOBaH-
HBIM TOJIOCOM, BOCIIPUHUMAEMbIM Kak »keHCKH. [IpoananusupoBansl JaHHble 145 CTyqeHTOB
(37,9 % sxenmmH, 62,1 % My>X9uH) C ypOBHEM aHIIIHIICKOTO si3b1Ka He Hike Upper-Intermediate.
Kaxnast yaeOHast rpymnmna IpocayIInBaa TOJIBKO OJHY 3aMHCh (€CTECTBEHHBIN ronoc: n = 77;
CHHTE3UpPOBaHHbIH ronoc: n = 68). [locne aynupoBaHus y4aCTHUKU OTBEYAIU HA MATh BOIPO-
COB IO COZIEP)KAHMIO M OLEHUBAIM 3alMCh MO 12 MATHOAIBHBIM IIKalaM CEMaHTHYECKOTO
muddepennuana. [Tokasarenn MOHUMAHUS MEXIY YCIOBUAMH He pasnuuanuchk (U = 2800,5;
p = 0,445; rrb = 0,070). OnieHKH 1O CeMaHTHYECKOMY TuddepeHInany, HampoTHB, pa3inyia-
JIMCh: TIOCJIE NONPaBKU XOJIMa CHHTE3MPOBAHHAS 3alliCh MOJY4YHIa MEHEE IOJIOKHUTEIbHbIE
OLICHKH MO IIIKaJaM MPUBJIEKATEIbHOCTH, HHTEpECa, HH(OPMATUBHOCTH, SIPKOCTH U HAy4HOMU
000CHOBaHHOCTH. /711 €CTECTBEHHOTO rojioca (akTopu3anus BBIIBHIA KOMIIOHEHTHI 00mIeit
OLICHKH/IPHUBIIEKATEIbHOCTH, KOTHUTUBHOHN JOCTYITHOCTH/SCHOCTH 1 aKTUBAIMH. J{jis cHHTEe3H-
POBAHHOIO Toj0ca CTPYKTypa OKaszalach MEHEE KOMIIAKTHOI: ObUTH BBIJEICHBI KOTHUTHBHO-
OIICHOYHBII KOMIIOHEHT, KOMIIOHEHT aKTHBAIMH/HACBHIIIEHHOCTH ¥ KOMITOHEHT BBIPa3UTEIbHOM
MIPUBIIEKATENbHOCTH, TIPH 3TOM YETBEPTOE COOCTBEHHOE 3HaYEHHE Taroke mpesbimaio 1. [Tomy-
YEHHBIC JAHHBIC TOKA3BIBAIOT, UTO JIBE 3aMUCH 00ECHEUMIIN CXOHOE HEMOCPEACTBCHHOE TIOHH-
MaHHe (paKTHUeCKOH MH(POPMALUH, HO MONTYYHIN Pa3Hble CyObeKTHBHBIE OLICHKH. Pe3ymbrarsl
OTHOCATCS K JABYM KOHKPETHBIM CTHMYJIAM M HE MO3BOJIIOT OTAEJIUTh MCTOYHHUK I0J0Ca OT
JIMYHOCTH TOBOPSAIIETO U APYTUX OCOOCHHOCTEH MOJauH.

Kuio4eBble cj10Ba: TIPOCOINSL, CHHTE3 PEUH, ayJJHPOBaHNE, CEMAHTHUCCKHH anudpepen-
11aj, 00pa3oBaTeNbHOE ayano, 00y4eHHe HHOCTPAHHOMY SA3BIKY

dunaHcupoBanue. MIUHNCTEPCTBO HayKH U BhIcIero oOpaszosanust Poccuiickoit dene-
pauuM noazepKano uccieaoBanue B pamkax contamenus Ne 075-03-2026-305 ot 16 siHBapst
2026 r. B pamkax npoekTa «[IpukiamHple HCCIIeNOBaHMs 0 BHEIPEHHUIO TEXHOIOTHHA HUCKYC-
CTBEHHOTO MHTEIUIEKTa B BhIcIee oOpa3oBanuey (mmdp HayuHoi Tembl: FSMG-2025-0086).

Jast uurupoBanusi: Matveev M.O., Ulyanina O.A. Natural and synthesized voices in
foreign-language listening: A pilot study of text comprehension and semantic-differential
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