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Learning Outcomes with  
Text-to-Speech Synthesis  
of L1 and L2 English Varieties

Marina Beccard, Sven Albrecht and Josef Schmied

Abstract
English is a common instruction medium of learning tools using Text-to-Speech (TTS), yet most 
solutions incorporate only L1 varieties like Standard American English (AmE). At the same time, 
some research suggests that educational content personalized in the learner’s variety is benefi-
cial. We tested this hypothesis with students from the Masaryk University Brno, who listened to 
a lecture synthesized in Czech English (CzE) and AmE, rated the TTS speaker based on the Robotic 
Social Attributes Scale and answered questions regarding the contents of the lecture. The learners 
improved their knowledge similarly with both TTS varieties. Characteristics from the intelligence 
cluster were rated higher than anthropomorphism and likability, and the AmE voice was rated 
more competent than the CzE voice. While the results indicate that the narration may need to be 
made more engaging, the present study provides first insights into the perceptions of L2 students’ 
own variety and recommendations for customizing credible, learning-facilitating TTS.

Key words
L2 text-to-speech system; Czech English; American English; familiarity; credibility; Robotic Social 
Attributes Scale (RoSAS)

1. Introduction

English has become a widespread medium of instruction in educational institu-
tions like universities as well as in online courses and tutorials. The new techno-
logical developments in Text-to-Speech (TTS) solutions allow the rapid synchroni-
zation of course material, making the preparation of materials more time-efficient 
and easily adaptable. With the rise of the use of English in education, L2 English 
speakers have access to more resources. Yet, they may be disadvantaged because 
the language of instruction is usually different from the variety they have been 
exposed to in their home country, i.e., their own variety. Karakaş (2017) exam-
ined 50 TTS products and found that they mostly featured American English 
(AmE) and British English, with few exceptions like Australian and Indian Eng-
lish. There are no known solutions employing L2 Englishes. While people can 
indeed adapt to unfamiliar varieties (Cristia et al. 2012), this takes exposure time 
which could be used more efficiently to learn more information on the subject 
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matter with less effort. Our hypothesis is that customizing the synthetic voice of 
pedagogical agents (PAs) to mirror the sociolinguistic variety of the learners has 
the potential to improve learning outcomes, as learners will have more perceptu-
al and learning benefits from a familiar variety like their own. 

In this context, we have to admit that the different terminologies in linguis-
tic subdisciplines may create issues: in traditional language teaching and learn-
ing, native vs. non-native was used, in second language acquisition, L1 vs. L2, 
and in sociolinguistics, e.g. Kachru’s three-circle-concept, norm-providing native 
varieties are in the Inner Circle, norm-developing second-language varieties in 
the Outer Circle and norm-dependent foreign-language varieties in the Expand-
ing Circle (e.g. English in the Czech Republic) - and all concepts have strong 
attitudinal implications today. Our original concept (in 2019) was to test the 
accommodation of non-native English in an academic lingua-franca framework. 
However, now we use the less controversial concepts of L1 and L2, as in recent 
years, the concept of native speakers in ELT has been discussed critically (e.g. 
Kiczkowiak 2018 in Poland) and the Common European Framework of Refer-
ence for Languages (CEFR) changed its terminology and descriptors to avoid 
“native”: “Changes are also proposed to certain descriptors that refer to linguis-
tic accommodation (or not) by ‘native speakers’, because this term has become 
controversial” (Council of Europe 2020: 24). Generally, the ‘intelligibility prin-
ciple’ is clearly distinguished from the ‘nativeness principle’, where idealised 
models usually ignored the retention of accent, disregarding educational con-
text, sociolinguistic aspects and learners’ needs. The contrast between the new 
and previous CEFR descriptions is very explicit (Council of Europe 2020: 37):

It should be emphasised that the top level in the CEFR scheme, C2, has no 
relation whatsoever with what is sometimes referred to as the performance 
of an idealised “native speaker”, or a “well-educated native speaker” or 
a “near native speaker”. Such concepts were not taken as a point of refer-
ence during the development of the levels or the descriptors. C2, the top 
level in the CEFR scheme, is introduced in the CEFR as follows:
Level C2, whilst it has been termed “Mastery”, is not intended to imply 
native-speaker or near native-speaker competence. What is intended is to 
characterise the degree of precision, appropriateness and ease with the 
language which typifies the speech of those who have been highly success-
ful learners. (Council of Europe 2001 Section 3.6)

A linguistic theory supporting customization via a familiar variety is the Interlan-
guage Speech Intelligibility Benefit (ISIB) hypothesis. It expects L2 speakers to 
perform better in foreign variety processing than L1 speakers, especially if the 
input is congruent with their language background (Bent and Bradlow 2003). 
Based on Electroencephalography (EEG) evidence, English learners of Spanish 
were found to recruit greater cognitive resources when perceiving L1 Spanish 
compared to English-accented Spanish (Gosselin et al. 2022). Still, evidence on 
the ISIB is mixed (e.g., Dokovova et al. 2022, Fishero et al. 2023, Hayes-Harb et 
al. 2008) and more research is needed to support the theory.
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In addition to linguistics, our hypothesis is also based on evidence from instruc-
tional psychology showing advantages of learning from teachers with a familiar 
accent. Investigating the personalization effect on the learning outcomes of Aus-
trian pupils at a lower secondary school, Rey and Steib (2013) found that Aus-
trian German was more beneficial than Standard German (Rey and Steib 2013). 
Listeners who heard the lecture in their local dialect scored higher in retention 
than those who listened to it in standard German; however, this was not the case 
for transfer learning (Rey and Steib 2013: 2026), which reflects how well students 
apply the acquired knowledge to other contexts. In addition to familiarity, lan-
guage attitudes also play a role in learning. While Ahn and Moore (2011) did not 
find a negative effect of differently accented voice on learning outcomes, they 
found that learning outcomes were influenced by attitudes towards the presented 
varieties. Namely, only students who shared negative attitudes towards Asian Eng-
lish accents prior to the experiment also performed worse when presented with 
input produced in Korean English (Ahn and Moore 2011).

Looking at synthesised language varieties, familiar local dialects are preferred. 
In an experiment with robots speaking standard Arabic and a local dialect, when 
the robots showed high knowledge and rhetorical ability, the participants com-
plied more with the robot speaking the participant’s own local dialect (Andrist et 
al. 2015: 163). In the New Zealand context, a robot speaking New Zealand English 
was preferred, as it was rated more natural than the robot speaking American 
English (Tamagawa et al. 2011). Irish children gave preference to the UK than the 
US voice (Sandygulova and O’Hare 2015). 

It should be emphasised that the present study does not investigate L2 TTS in 
the teaching of English but teaching in English. In the context of the teaching of 
English, accent can interfere with listening exercise outcomes. For instance, while 
L1 speakers of Spanish scored significantly higher in a listening task when listening 
to Spanish-accented English, L1 speakers of Chinese scored significantly lower when 
listening to Chinese-accented English (Major et al. 2002). Regarding the teaching 
in English of subject matter like Linguistics or Biology to L2 speakers, there is 
a research gap which we aim to address in the context of Czech English (CzE).

It should also be noted that our lecture scenario features a synthetic voice with-
out a human visual representation. This differs from the many embodied agents 
in the literature featuring an animated character (see Dai et al. 2022). Note that 
the lecture is also scripted, i.e., it requires a text which is then synthesised, in 
contrast to a chatbot. The TTS lecturer is only an information source and does 
not interact with the users (Schroeder and Gotch 2015, p. 187). To sum up, we 
test the application of a TTS system in pedagogical scenarios. 

In addition to the learning outcomes, we focus on the users’ evaluation of the 
speaker. Conversational and pedagogical agents are perceived as social partners 
(Louwerse et al. 2009, Mayer et al. 2003b) and as such, they are attributed cer-
tain characteristics based on the social and linguistic cues they send. Regardless 
of whether personality is a relevant factor in the robot’s task, humans ascribe 
personality traits to it (Nass and Lee 2001). Agents employing TTS should there-
fore be constructed to evoke a favourable social perception. One major factor 
contributing to this perception is voice, and the sociophonetic cues and features 
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of this voice can play a decisive role when designing speech systems (Sutton et 
al. 2019). Another important characteristic of a synthetic voice is credibility. To 
test how our synthetic voice was perceived, we gathered evaluations based on the 
widespread Robotic Social Attributes Scale (RoSAS) (Bartneck et al. 2009, Carpi-
nella et al. 2017) which includes characteristics in the field of anthropomorphism, 
likeability, and (perceived) intelligence. We excluded items from RoSAS which 
are not likely to be ascribed to an artificial voice but rather to a physical robot, 
namely animacy (e.g., Dead-Alive) and perceived safety (e.g., Anxious-Relaxed). 
While there could be other relevant social dimensions which are not investigated 
in the present study (for instance relating to the perceived confidence of the 
speaker), the use of a validated scale like RoSAS is necessary to ensure that the 
questionnaire is a reliable and valid tool.

All in all, this study addresses the following research questions: 

1. How does a TTS speaking the users’ own L2 English variety impact the 
learning outcomes of the said users?

2. How do users evaluate the L1 and L2 TTS voices in terms of anthropomor-
phism, intelligence, and likeability?

The study simulates a learning scenario involving a pre-test, a short lecture in 
Linguistics, evaluation of the TTS voice as well as the participants’ performance 
on retention and transfer learning questions. The findings can be applied in the 
design of customizable PAs that can be adapted to the user’s variety and thus 
facilitate learning of input produced in the language variety speakers are most 
familiar with – the variety spoken in their sociolinguistic environment. 

2. Background

High-quality e-learning technologies are grounded in pedagogical theory 
(Dalsgaard 2005). The design of PAs is based on several thoroughly researched 
effects and principles such as the social agency, cognitive effort, personalization, 
and voice principles (Mayer 2014, Mayer et al. 2003b). Social agency theory argues 
for the importance of social cues in multimedia learning (Atkinson et al. 2005, 
Mayer et al. 2003b: 419). Cognitive effort theory suggests that students work hard-
er in a cognitively demanding situation (Mayer et al. 2003b: 421). The personal-
ization principle supports the use of a more conversational instead of a formal 
style (Mayer 2014: 348). The voice principle gives importance to the voice of the 
system, originally supporting the use of a human voice (Mayer 2014: 357) but with 
later studies providing more support for computer voices (Craig and Schroeder 
2017, 2019). We will focus on the ways these principles inform the conceptualiza-
tion of pedagogical assistants’ synthetic voices. 
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2.1 Personalization principle

The personalization principle has often been realized in the use of personal pro-
nouns, conversational style, and direct comments to the reader (Reichelt et al. 
2014). Still, studies have shown that the personalization effect is not universally 
advantageous but is culture dependent. In contrast to American students, Czech 
students have been found to prefer a computerized tutor to address them with 
more direct and formal statements rather than polite and informal statements 
(Brom et al. 2017). In comparison, an ‘everyday’ style was beneficial for German 
(Reichelt et al. 2014: 207) and Turkish test takers (Kartal 2010). Therefore, deci-
sions on the application of the personalization principle should be made with the 
cultural and social context in mind.

2.2 Voice principle

The agent’s voice has been found to be more important than its physical presence 
on the screen (Mayer et al. 2003a: 811). In Mayer et al. (2003b), the accented voice 
resulted in the same retention outcomes as the nonaccented voice, but the non-
accented voice led to better transfer. In addition, the human recording outper-
formed the machine synthesis in retention, transfer, and subjective characteristics 
like dynamics and attractiveness (Mayer et al. 2003b: 422–423). Atkinson et al. 
(2005: 136) also found a voice effect in favour of the human voice as opposed to 
the machine voice. Do et al. (2022) found an interaction effect between the learn-
er’s gender and the synthetic speech accent on retention scores, as females per-
formed worse under the unfamiliar accent (Indian English) condition compared 
to the familiar one (AmE). They also noted that females rated the human-likeness 
of the unfamiliar accent lower (Do et al. 2022). However, other recent studies 
showed that with improved voice technologies, the performance with machine 
voices has become similar to or better than human voices (Craig and Schroeder 
2017). Craig and Schroeder argue that “the voice effect is a by-product of tech-
nological limitations rather than a binding, persistent limitation an instructional 
designer should be concerned with” (Craig and Schroeder 2019: 1537). Indeed, it 
has been reported that TTS can be perceived similarly likeable, trustworthy, and 
intelligible as a human (Abdulrahman and Richards 2022; Bione and Cardoso 
2020). In terms of retention, Davis et al. (2019: 9) found no significant difference 
between human and machine voices. The study compared different prosodic var-
iations of human voice and showed that a human weak prosodic voice (i.e., incor-
porating weak prosodic cues, such as having a flat intonation) was rated better 
than a machine voice in comparison to a human strong prosodic voice (Davis et 
al. 2019). Thus, linguistic considerations like the features to be included in the 
synthesis of the voice are essential. 

The influence of linguistic cues and features on learning has been examined 
on different scales from small-scale perceptual differences in sounds to large-scale 
differences in rhetorical structure and pragmatic dimensions like politeness (e.g., 
Lin et al. 2020, Ylinen et al. 2010). Social information regarding dialect, age, and 
gender can influence the perception of sounds (Drager 2010) and accordingly 
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affect speech perception. Cristia et al. (2012: 4) point out that accented speech 
initially perturbs word recognition and sentence processing, yet with exposure, 
people can adapt to it. Thus, language speakers can adapt to any accent with suf-
ficient exposure. However, it may be helpful to ease this adaptation. 

The psycholinguistic insights on perceptual learning are interesting for us on 
two levels – the human vs computer dimension and the language variety dimen-
sion. Looking at the human vs computer dimension, in McAuliffe et al. (2016), 
perceptual learning of fricatives by L1 English speakers took place regardless of 
whether participants were exposed to resynthesized or naturally produced speech. 
It seems that synthesised language does not hinder perception. Still, it should be 
noted that this is a perceptual learning task applied to sounds and thereby not fully 
comparable with our learning scenario aiming to test the retention and transfer 
of knowledge. Regarding the language variety dimension, it has been shown that 
dialect information (African American English vs. Standard American English) is 
extracted pre-attentively and is used to determine whether the speaker belongs to 
the same or different group as the listener (Scharinger et al. 2011). If the cues of the 
TTS indicate a particular variety, this is likely to be rapidly perceived and catego-
rised. It is also expected that the variety will be associated with attitudes towards it.

Language attitudes are built in a complex manner. Speakers can express more 
positive attitudes towards familiar varieties (Gill 1994), yet speakers can also prefer 
other varieties, e.g., when L2 speakers have more positive attitudes towards L1 
speakers. In a survey of Czech English students by Brabcová and Skarnitzl (2018), 
most students wanted to acquire an L1 English accent like British English, though 
they believed that students should be exposed to different accents in English lessons. 

Attitudes are not restricted to general preference, but can feature character-
istics like content credibility, i.e., whether information delivered by a speaker 
of the variety can be trusted. For example, in a study evaluating an artificial 
tour guide speaking Standard Austrian German or a Viennese variety, the guide 
speaking the standard variety was classified as educated, trustworthy, competent, 
polite, and serious, whereas the Viennese guide was rated more natural, emo-
tional, relaxed, open-minded, with the highest sense of humour, but also as more 
aggressive (Krenn et al. 2017: 75). Voice assistants are consistently attributed age 
and race traits based on their vocal cues and personality traits, which correlate 
with common stereotypes (Holliday 2023). Dahlbäck and colleagues (2001, 2007) 
found evidence for the similarity-attraction effect in the perception of informa-
tion read in Swedish and American English, as listeners trusted information given 
by a speaker of their own variety regardless of whether it was trustworthy due to 
signs of higher expertise or not. Lev-Ari and Keysar’s well-replicated 2010 study 
found that trivia statements produced by speakers of L2 varieties are less trusted 
than those produced by speakers of L1 varieties. Czech students also rated the L1 
speakers more credible than the Czech L2 speakers of English (Hanzlíková and 
Skarnitzl 2017, Podlipský et al. 2016). A later study showed that with increased 
exposure, people who have had no contact to a L2 variety like Polish English 
can trust it even more than a L1 variety like British English (Boduch-Grabka and 
Lev-Ari 2021). Thus, the incorporation of L2 TTS in PAs may have promising 
outcomes for evoking trust.
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2.3 Credibility and intentionality

Credibility has been viewed to contain several dimensions – “competence”, 
“trustworthiness” and “goodwill” (“intent toward receiver”) (McCroskey and Te-
ven 1999: 90). The good intent when someone is credible evokes another con-
cept – intentionality. According to Prinz (2017), intentionality indicates that “con-
scious experience always implies the experience of a particular kind of access 
to a particular kind of content” (Prinz 2017: 348); for example, hearing implies 
hearing something, such as hearing a sound. In the case of designing TTS for PAs, 
intentionality motivates the conscious integration of features that aim to evoke 
something, e.g., an impression of a credible agent. The use of an L2 variety in our 
study aims to give the PA some intentionality – it invokes pre-formed intentional 
representations in users’ minds. As users perceive the PA’s intent to improve their 
experience, they are more likely to attribute it positive characteristics, to trust it, 
and to want to work with it. Many L2 English speakers have learned English in 
a formal education environment such as a local school, so they are likely to have 
had most contact to their classmates and teachers, who are also likely to be speak-
ers of their local English variety. Thus, the local variety is their familiar variety, 
so when it is incorporated in a PA learning environment, this may have a social 
mirroring effect (Prinz 2013). The agent mirrors its user and if they share a con-
ceptual framework, this act is perceived by the user (Prinz 2013: 1107). The user 
attributes intentionality to the PA even though it does not have the prerequisites 
(i.e., a brain equivalent to the human brain) to develop intentionality (cf. Searle 
1980). As a result, the user understands the intentionality of the agent in its at-
tempt to be like the user and be liked by the user, which can lead to a positive 
perception on the side of the user. 

Linguistic credibility becomes an expression of goodwill, a form of caring. 
As previous research has shown, the (human) teacher’s care for the students 
and their good relationship impacts the teacher’s credibility (Teven 2007: 435). 
So how can intended goodwill be attributed to a machine? There are of course 
many factors to consider, but from our linguistic perspective, it is important for 
the agent to mirror the sociolinguistic environment of the learners. The studies 
described above have repeatedly demonstrated the positive effect of familiarity. 
In the context of PAs, Maes (1994) has also argued that the agent should adapt 
to the user needs by imitating the user and implementing their feedback (Maes 
1994: 40). 

Intentional design means taking care of individual differences of the users. For 
example, for groups preferring directness, the text should not be made unnec-
essarily indirect, as this could lead to positive face threat (Brown and Levinson 
1987). Also, when a L2 variety is mirrored, it is important to avoid face threat 
through linguistic stereotypes, i.e., language features that are “overt topics of 
social comment” (Labov 1994: 78), such as the lacking /r/-/l/ distinction in Chi-
nese English. The TTS voice should be a credible representation of the variety 
and not a stereotype (Ivanova and Schmied 2023). Finally, integrating L2 varieties 
in educational products has the potential to improve the attitudes towards them 
and increase their acceptance, leading to diversification and challenging negative 
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stereotypes (Sutton et al. 2019: 10–11). Attributing L2 varieties credibility is again 
a form of goodwill and caring.

Overall, creating a credible agent with a credible synthetic voice that gives the 
impression of intentional goodwill for the user means making the agent custom-
ised to the needs of the user. The design has to be suitable for individualisation 
but should also be context-aware (Sutton et al. 2019: 6–7). It has become clear 
that more attention should be paid to the influence of socio-cultural variables 
when designing language technologies. We attempted to apply the principles 
discussed in this section to the design of a TTS system speaking L2 varieties and 
tested it in a lecture scenario. The following sections describe the implementa-
tion and discuss the results of the study.

3. Methodology

3.1 Participants

We determined the sample size for the present study based on Atkinson et al. 
(2005), who recruited 50 participants, 25 in the human voice group and 25 in the 
machine voice group. The study did not include effect sizes for the relevant meas-
ures, which makes an a priori power analysis for sample size estimation unfeasible. 
Compared to other related studies (e.g., Craig and Schroeder 2017, 2019) using 
about 50 participants per group, the sample size of 25 participants per group is 
small; therefore, the results of the present study should be taken as a preliminary 
exploration and require replication in a further study with a larger sample.

We recruited 54 Czech speakers of English at the Masaryk University Brno in 
the Czech Republic by distributing the survey via mailing lists. Of them, 28 were 
randomly assigned to the group listening to a lecture synthesised in AmE and 26 
in CzE. The participants were not informed about the variety they are about to 
listen. Table 1 outlines the demographic characteristics of the participants. The 
students were mostly between 21–23 years old and mostly females (38 females, 16 
males). They mostly came from the field of Humanities and were mostly in their 
Bachelor studies. Most students were in their first year. 

Table 1. Demographic characteristics of the study participants

Age N (%) Field N (%) Degree N (%) Year N (%)

18–20 9 (17%) Humanities 40 (74%) Bachelor 36 (67%) First 37 (69%)

21–23 24 (44%) MINT 2 (4%) Master 17 (32%) Second 9 (17%)

24–26 10 (19%) Other 12 (22%) Other 1 (2%) Third 7 (13 %)

> 26 11 (20%) Fourth 1 (2%)

The students had an advanced level of English as they had studied English for 15.3 
years on average (SD = 5.17). Figure 1 visualises the high exposure to English and 
communication in English of the participants. Moreover, many communicate in 
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English on social media and at university. Only six students had spent time in an 
English-speaking country, thus the level of English should be similar across the sample. 

media content
in English

native speakers
at school

native speakers
at university
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Figure 1. Situations of exposure to English and (B) places of communication  
in English of the Czech participants

The questionnaire also gathered data on technology affinity. 24% of the partic-
ipants use virtual assistants, mostly on their phones and computers. Still, the 
majority of the students did not consider themselves to be technology proficient 
(Appendix Figure 8). 
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The students’ background knowledge with regard to the topic of content map-
ping was tested in a pre-test with the open question “What do you know about 
the concept of content mapping in linguistics?”. Prior knowledge is a variable 
difficult to control but essential for keeping a comparable cognitive load which 
would help avoid confounds and explain the learning outcomes and performance 
(Davis et al. 2019: 3).

3.2 Materials

The lecture incorporated an excerpt from a Linguistics article by Delibegović 
Džanić and Berberović (2021) “Lemons and Watermelons: Visual Advertising and 
Conceptual Blending” (see Appendix). The excerpt explains cognitive content 
mapping on the basis of a joke “If life gives you lemons, a simple surgery can 
give you melons” (Delibegović Džanić and Berberović 2021: 124). The text was 
chosen because, based on the authors’ previous teaching experience, it has been 
shown to capture students’ attention. While the body-shaming marketing slogan 
is admittedly sexist, it is provocative and encourages critical engagement with 
linguistic and social issues. Regarding the text’s complexity, it is difficult to find 
appropriate measures because most of them are designed for L1 English texts, 
and are readability measures, which may not transfer to listening. Using the Py-
thon library textstat (Bansal and Aggarwal 2022), we compared different readabil-
ity scores. However, the scores were relatively contradictory (Appendix Table 5), 
as EFLAW, a score usually used for second-language learners was 24.2, which is 
between 20.49 and 25.49 and therefore quite easy to understand, whereas many 
of the L1 readability scores placed the text in the 11th grade, which is relative-
ly complex. Still, despite these discrepancies in automatic complexity measure-
ments, a reading of the text shows that the lecture is complex due to its high-tier 
academic vocabulary and structure and even more so when it is only heard. Thus, 
the lecture was able to challenge the participants and prompt learning, which can 
be measured through their responses on the test.

For the synthesis of the text, we used the TTS system developed within the 
project “Credible Conversational Pedagogical Agents” part of the Collaborative 
Research Centre “Hybrid Societies”. The text was transcribed and synthesised in 
Czech English with the tacotron-TZ-IPA-6000 model and American English with 
the tacotron-LJS-IPA-101500 model. The Czech English model was first trained 
on the American English data set for general speech synthesis capabilities. Then, 
it was trained on the Czech English dataset to learn the specific pronunciation 
features of the variety. The text was first synthesised to a Mel spectrogram using 
tacotron (Taubert 2022a), then the Mel spectrogram was synthesised to a WAVE 
audio file with waveglow (Taubert 2022b) and finally, the audio was denoised with 
denoiser (Défossez et al. 2022). The models were trained on a corpus of annotated 
sociolinguistic recordings with Czech speakers. The final CzE audio contained 
typical CzE features (see Skarnitzl and Rumlová 2019) such as /ɑ/-/o/ in cosmetic 
/kɑzˈmɛtɪk/ pronounced as /kozˈmɛtɪk/ as well as a lack vowel reduction, e.g., in 
projected /pɹəˈd͡ʒɛktəd/ pronounced as /pɹod͡ʒˈɛktəd/. Since the recordings used in 
the training were of female university students in their 20s, the synthetic speaker 
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has a relatively young-sounding voice, which may impact its perceived credibility 
(Beege et al. 2017), but this is probably unlikely, since the lecture is not designed 
to evoke mistrust. Based on previous studies, we do not expect gender to affect 
learning outcomes (Castro-Alonso et al., 2021, p. 1002). Thus, we expect language 
variety to be the most influential variable. 

The synthesised lecture lasted 2:30 min. The short length of the listening text 
was justified by factors such as attention span and memory capacity (Craig and 
Schroeder 2019: 1545). While there is some evidence for the benefits of simul-
taneously presenting audio and visual representation (Davis et al. 2019: 3), we 
incorporated only audio to avoid confounding multimodal effects that would be 
generated by complementary text, images, or embodied speaker, and to focus 
only on the voice’s variety effects. As Davis et al. (2019: 3) point out, an advan-
tage of presenting only one mode is that cognitive processing channels are not 
overloaded by simultaneous input. 

The participants were asked to identify the origin of the speaker (“Where 
do you think the speaker comes from?”) and were mostly able to identify the 
speaker of their own variety but had issues recognizing the AmE variety (Figure 
2). Among the wrong responses, the AmE speaker was considered to come from 
Great Britain or the Czech Republic. Thus, some of the participants may have 
been expecting to hear a speaker related to their own environment, yet this can-
not be directly concluded from our data. Future studies can ask the participants 
to justify their response. The wrong responses on the CzE speaker’s origin were 
mostly broad classifications as eastern/central Europe. There were two answers 
indicating that this is a computer-generated voice. 
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Figure 2. Percentage of correct, wrong, and lacking responses  
on the TTS speaker’s origin

The cues in the AmE TTS voice allowing it to be classified as AmE were either 
not strong enough or the participants may not have had sufficient exposure to 
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the variety. While this may be considered a disadvantage for our TTS system, it 
is partially an advantage for the experiment, as we expect that the origin of the 
speaker has not biased the ratings of the characteristics in the AmE versions.

3.3 Procedure

The survey was conducted online on the LimeSurvey servers of the Chemnitz 
University of Technology. As the survey was distributed via email, the participants 
took it in their preferred setting and device. All questions were obligatory. The 
survey opened with information on the background and goals of the research 
and on data protection together with an informed consent form. Then the par-
ticipants were randomly assigned to listen to the lecture produced either in CzE 
or in AmE. They were instructed to listen to the lecture and rate 13 statements 
on a five-point scale (see Figure 3, Table 2, and Appendix).

* Pelase rate your impression of the voice on thse scales

1 2 3 4 5
fake natural

machinelika humanlike

unconscious conscious

 
Figure 3. Screenshot of the lecture part of the survey

Table 2. Overview of the rated TTS speaker characteristics

Group Characteristic

anthropomorphism [fake | natural]

[machinelike | humanlike]

[unconscious | conscious]

[artificial | lifelike]

intelligence [incompetent | competent]

[ignorant | knowledgeable]

[unintelligent | intelligent]

[foolish | sensible]

likeability [dislike | like]

[unfriendly | friendly]

[unkind | kind]

[unpleasant | pleasant]

[awful | nice]
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In the test component, the participants responded to five general vocabulary 
questions, five academic vocabulary questions and three transfer learning ques-
tions (see Appendix). We aimed to combine different question types to test reten-
tion and transfer (see e.g., Buck 2007). The general vocabulary items were mul-
tiple-choice questions with one correct and two wrong answers, which inquired 
about high-tier vocabulary from the text such as “body contouring” and “astrin-
gent”. These questions served to test and compare the English level of the par-
ticipants. The second set of questions, the academic vocabulary type, were again 
multiple choice, but aimed to test the understanding of core linguistic concepts 
from the lecture such as “content mapping” and “input space”. The final three 
questions on transfer learning included one short and one long open question 
and one multiple choice question, which tested the application of the knowledge 
acquired in the lecture. The participants had to explain jokes like the one used 
as example in the lecture (see Appendix), which prompts the application of the 
new concepts. The jokes presented images of a surgeon and a woman with the 
statements “If life gives you lemons, a simple operation/plastic surgery can give 
you lemons”. The grading of the responses is explained in the following section. 

After the test section, a demographic questionnaire was presented. It covered back-
ground data like age, field of study, gender, country of origin, and foreign languages 
as well as questions on tech-savviness and linguistic experience (see Appendix). 

3.4 Pilot study

In order to test the experimental setting and identify potential issues with the study 
design, we carried out a pilot study with 74 Italian English (ItE) and 15 CzE speakers. 
The Italian students allowed us to test the experiment with our ItE TTS model in 
a different L2 English environment. The participants had a similar demographic 
profile like the present study: mostly between 21–23 years old (76%) and mostly 
females (70 females, 19 males). They mostly came from the field of Humanities (80% 
of the Czechs, 85% of the Italians) and were in their Master’s. Almost all students 
were in their first year. The students had a similar level of English – about 15 years 
on average and high exposure to English. The students listened to the same lecture 
but in AmE or in their own variety (ItE or CzE) and answered the same questions. 
Yet, they rated the speaker on a different scale that was developed by the authors, 
hence only the learning outcomes results will be compared. 

For the main study, the well-replicated RoSAS scale was used, which was val-
idated in Bartneck et al. (2009) with Cronbach’s alpha values around .89. The 
similarly high alpha values in Carpinella et al. (2017) support the scale’s validity. 
The use of a validated scale in the present study thus improves on the pilot study 
in terms of validity and reliability.

3.5 Analysis

While the multiple-choice questions could be evaluated in a simple true-false man-
ner, the pre-test and the open questions were rated on a scale from 0 to 5 (where 
5 is the highest) based on the correctness of the responses and the grasp of the 
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information provided in the lecture. When grading the participants’ explanations 
of the similar jokes, the first author paid attention to the comparison between 
the conceptual domains and the wordplay. For instance, an answer describing the 
metaphorical connection between the size of fruit and breasts receives a 5, while 
an answer just describing the fruit size receives a 4 (example answers in Appendix 
Table 6). A couple of responses only partly acknowledged the comparison and 
were given 3 points. Many responses explained the function of the jokes but not 
their composition (e.g., “It is funny, so you will remeber [sic] it better.”) or simply 
re-phrased the joke’s statement and were accordingly given 1 point. Refusal to 
give a response or answers which do not fit the question were given 0 points. This 
procedure allowed us to give credit to responses which have only partly grasped 
the ideas of the lecture. The responses from the test and the demographic data 
were analysed in R via RStudio (R Core Team 2022, RStudio Team 2021) with the 
tidyverse (Wickham et al. 2019) and rstatix packages as well as the core stats package. 
Chi square tests were applied to the categorical data of the correct and wrong 
responses of the multiple-choice questions. For the grades of the open questions 
and the rating of the voice’s characteristics, after testing the assumptions for nor-
mality via Shapiro-Wilk tests and homogeneity of variances with Levene’s test, the 
comparisons were conducted with the non-parametric Wilcoxon rank-sum test on 
unpaired samples (also known as the Mann-Whitney U-test) with Holm correction. 

4. Results 

a. Learning outcomes

In the pilot study, there was no difference between the multiple-choice score based 
on the variety (AmE or ItE/CzE): ([χ2 (1, N = 979) = 1.04, p = .309]). There was also 
no difference between the grades of the open questions (W = 938, p = .959). 

Henceforth the results of the main study will be discussed. The learning out-
comes were evaluated based on the participants’ pre-test and test results. Almost 
none of the participants knew anything about content mapping based on the pre-
test (except for one participant with grade 3/5, one with 2/5, and two with 1/5). 
An overview of the proportion of correct and wrong responses per lecture variety 
is presented in Figure 4. In the multiple-choice question section (Figure 4A, 4B), 
there seems to be no difference between AmE and CzE [χ2 (1, N = 594) = 0.0751, p 
= .784]. The general vocabulary, academic vocabulary, and transfer learning ques-
tions also have a similar correctness ratio in the two English varieties. Looking at 
the results from the open questions (Figure 4C), there is no difference between 
the grades of the AmE lecture (M = 2.2, SD = 1.75) and the CzE lecture (M = 3.13, 
SD = 1.53) [W = 258, p = .0668]. 

We tested whether other variables influence the test results. There was no 
difference between the responses of the students who use virtual assistants and 
those who do not [χ2 (1, N = 594) = 0.323, p = .57]. The study degree also did not 
play a role as students from the Bachelor, Master and PhD level had a similar 
response ratio of about 3:2 correct vs wrong responses.



Brno Studies in English 2024, 50 (2)

21

Figure 4. Answer correctness of the multiple choice and open questions  
per lecture variety
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b. Characteristics

The Czech participants rated the CzE and AmE speaker characteristics similarly 
on average [W = 436, p = .215]. The mean rating (M = 2.85, SD = 1.09) is close to 
the middle of the five-point scale.

In terms of variety of the lecture, CzE and AmE were rated significantly dif-
ferently in terms of intelligence characteristics but similarly in terms of most 
anthropomorphism and likeability characteristics, except for pleasantness. This is 
evident from the results of the pairwise Wilcoxon tests in Tables 3 and 4 and the 
boxplots with error bars in Figures 5, 6, and 7 below. 

Table 3. Results of Wilcoxon rank-sum tests comparing characteristic ratings per va-
riety summarised per group

Characteristic 
group

Var. 1 Var. 2 N1 N2 W p Sign. Effect r Magnitude

anthropomor-
phism

AmE CzE 28 26 319.5 0.443 ns 0.11 small

intelligence AmE CzE 28 26 519.5 0.00682 ** 0.37 moderate

likeability AmE CzE 28 26 465 0.0803 ns 0.24 small

Table 4. Results of Wilcoxon rank-sum tests comparing characteristic ratings per va-
riety

Characteristic Var. 1 Var. 2 N1 N2 W p Sign. Effect r Magnitude

competence AmE CzE 28 26 531.5 0.0024 ** 0.41 moderate

consciousness AmE CzE 28 26 409 0.423 ns 0.11 small

friendliness AmE CzE 28 26 450 0.117 ns 0.21 small

human-likeness AmE CzE 28 26 281.5 0.136 ns 0.20 small

intelligence AmE CzE 28 26 501 0.011 * 0.35 moderate

kindness AmE CzE 28 26 416 0.338 ns 0.13 small

knowledgea-
bility

AmE CzE 28 26 477.5 0.0402 * 0.28 small

lifelikeness AmE CzE 28 26 296.5 0.223 ns 0.17 small

likeability AmE CzE 28 26 461 0.0791 ns 0.24 small
naturalness AmE CzE 28 26 331 0.55 ns 0.08 small
niceness AmE CzE 28 26 468 0.0572 ns 0.26 small
pleasantness AmE CzE 28 26 487 0.0245 * 0.31 moderate
sensibility AmE CzE 28 26 433 0.188 ns 0.18 small
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Figure 5. Voice characteristics groups rated by variety.  
Error bars represent standard error

Figure 6. Voice characteristics rated by TTS variety.  
Error bars represent standard error
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Figure 7. TTS varieties and voice characteristics ratings.  
Error bars represent standard error

We tested whether other variables influence the characteristics ratings, such as 
the participant’s gender, which was shown to affect evaluations of warmth and 
competence of language varieties in McKenzie et al. (2015). However, in our 
study, the ratings of the voice characteristics did not differ based on the partici-
pant’s gender [AmE group: W = 69.5, p = 0.853; CzE group: W = 77.5, p = 0.978].

5. Discussion

This study examined the effect of the use of an L2 TTS system in teaching a lec-
ture on content mapping in Linguistics. Although we expected to find improved 
learning outcomes after a lecture spoken in the L2 variety, we were not able to 
find evidence for the effectiveness of a TTS speaking English varieties. However, 
considering that participants started with no knowledge on the topic and nearly 
half of the multiple choice and open questions were answered correctly, we ob-
serve some development in the participant’s knowledge on content mapping in 
Linguistics. Moreover, the study replicated the results of a pilot study with Italian 
and Czech English learners where the variety of the lecture also had no influence 
on the learning outcomes.

Generally, there might be a narrow window of learning material complex-
ity (neither too easy, nor too difficult) for which improved learning outcomes 
are observed based on the voice effect. Our findings are similar to Mayer et 
al. (2003b), where student performance under an American-accented and Rus-
sian-accented voice did not differ significantly in terms of retention (Mayer et al. 
2003b: 422). One reason may lie in the complexity of the lecture, as it may have 
been more suitable to be read than spoken. In future studies, the agent could be 
adapted to various oral presentation styles, for instance like a podcast. Speaking 
style is decisive for the perception of instructor credibility with many different 
influential variables like speaking rate and the use of humour (Myers and Martin 
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2018). As underscored in the review by Schneider et al. (2022), emotion factors 
like enthusiasm expressed through voice cues like intonation are also likely to 
benefit the learning process, yet this depends on the mental load during the 
learning task (Beege et al. 2020). There are thus many adjustable parameters in 
the lecture presentation that could affect the learning outcomes. 

The lecture format as a whole can also be modified, as instructor credibility can 
be influenced by structural classroom components such as course format (Myers 
and Martin 2018: 41). In the process of lecture improvement, the biggest challenge 
would be to reduce confounds. Schroeder and Gotch (2015: 189) demonstrate 
that one of the biggest methodological issues of studies using PA is that they fail 
to isolate effects of the PA, where confounds affect the results on the level of the 
experiment treatment and control conditions and the design of the PA. 

 Another limitation of this study is that while the incorporation of only one 
mode (audio) was useful for reducing confounds, it reduced the ecological valid-
ity of the experiment, as learning with an audio-only narration is far from a real-
life lecture scenario. Students can usually assist their comprehension through 
notetaking and visuals like presentations or handouts. However, while the addi-
tion of text seems intuitive, it could contradict the redundancy principle and 
become distracting. Moreover, even though the lecture was short, it could have 
been difficult to follow. This complexity was necessary to test the transfer learn-
ing effects on novel input and isolate background knowledge confounds. Manag-
ing complexity remains one of the core challenges of educational design and it 
opens promising opportunities for follow-up research.

When it comes to the evaluation of the speaker’s voice, the participants rated 
the CzE and AmE voice characteristics similarly on average – around the centre 
of the rating scale. This may be the result of neutral response bias with some 
influences of social desirability bias. 

Our computer voice appears to be consistently perceived as competent but 
rather unnatural in both AmE and CzE (Figure 7), thus it would be necessary to 
improve its prosody and thereby its naturalness and human-likeness (e.g., Ehret 
et al. 2021). The computer voice in other studies was also rated less dynamic and 
attractive (Mayer et al. 2003b: 423), so the overall lower rating of likeableness 
may be reflecting attitudes towards the computer voice. Craig and Schroeder 
have twice found that modern computer voices do not differ in terms of ascribed 
credibility compared to human voices, yet human voices are rated higher in terms 
of human-likeness and engagement (Craig and Schroeder 2017, 2019: 1542). 
Schroeder and colleagues have also shown that the more human-like the voice, 
the more consistent it is rated in terms of trust responses (Schroeder et al. 2021: 
11). Still, trust in the virtual speaker had small influence on learning (Schroeder 
et al. 2021: 12). These findings may be in a way reflected in our results as well, as 
intelligence variables like competence were rated higher than anthropomorphism 
variables like human-likeness and likeability variables such as friendliness. Since our 
study compared two voices of the same agent, we cannot determine whether the 
reason for the ratings and learning outcomes lies in the voice quality of the agent. 
It would be interesting to compare our TTS to other systems and to a human 
voice. Also, while the perceived young age of the speaker most likely did not 
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affect its intelligence perception, it would also be important to control for the 
age variable (see Beege et al. 2017).

The higher responses in favour of intelligence in both varieties raise the question 
whether the ratings have been influenced by the academic language of the lecture. 
One solution would be to test students from a lower study degree with an easier 
text. K-12 students would be expected to have less exposure to English through 
media and education than in the participants in the present study. The underrep-
resentation of K-12 students in PA research has been highlighted (Schroeder et 
al. 2013: 20, Schroeder and Gotch 2015: 192), as there is some evidence that they 
profit from PAs more than post-secondary students (Schroeder et al. 2013). Future 
studies should test younger students, for instance in high school, who have less 
exposure to AmE compared to CzE and therefore could be expected to differ in 
terms of both learning outcomes and language attitudes towards the tested L1 and 
L2 varieties. However, considering that high school students in the Czech Republic 
mostly study subjects like Biology in Czech and not in English, the application of 
the findings on the CzE teacher voice would be limited. 

Our findings on the preference of American English are similar to Mayer et al. 
(2003b), where the American English speaker was also rated more positively than 
the Russian-accented speaker. In the present study, we showed that the Czechs 
also covertly attribute more competence to AmE. Czechs’ positive attitudes and 
trust towards L1 varieties have also been demonstrated in Brabcová and Skarnitzl 
(2018), Hanzlíková and Skarnitzl (2017) and Podlipský et al. (2016). However, in 
contrast to Ahn and Moore (2011), the more negative attitudes towards CzE in 
the present study did not worsen the participants’ learning outcomes. As dis-
cussed in Reichelt et al. (2014: 207), the positive effect of personalization can be 
modulated by the content, learning phase duration, cognitive load, and some 
individual variables like previous knowledge. In our case, the attitude towards 
English varieties has probably affected the users’ evaluation of the voice but it is 
not necessarily obvious whether it has influenced the learning outcomes. If the 
preference towards AmE were beneficial, we would have observed better learning 
outcomes in that variety, yet the test results were not found to differ based on the 
lecture’s variety. 

While in our study cognitive load was modulated implicitly by increasing the 
difficulty of the tasks, psychophysiological methods like electrocardiography 
(ECG) or a combination of methods like ECG and EEG (Jimenez-Molina et al. 
2018) can provide additional insights on the cognitive load during different lan-
guage varieties and test tasks.

Overall, the results of the present study can inform the design of personalized 
PAs. A possible scenario incorporating such PAs could feature Czech university 
students who speak Czech English as L2 and study a subject like Informatics in 
English abroad, e.g., in Germany. Instructors can synthesize their lectures in CzE 
or AmE and thus foster the students’ learning outcomes by giving them input in 
the students’ own L2 variety or a widespread L1 variety. Still, future studies are 
necessary to test the effect of other L1 and L2 varieties on CzE speakers’ learning 
outcomes in such scenarios. 



Brno Studies in English 2024, 50 (2)

27

6. Conclusion

Technology is situated in a sociolinguistic environment and needs to be adapted 
to it. Every speaker has an accent, so designers of speech technologies always face 
the choice of which model they want to incorporate. While so far the explored 
varieties have predominantly been L1 English varieties like American English, we 
tested whether a TTS speaking the user’s own L2 variety can improve learning 
outcomes in an English-medium environment, in accordance with the personal-
ization, voice, credibility, and intentionality principles. Experiments with Czech 
English speakers showed that the variety of the agent did not significantly im-
prove the learning outcomes. These findings replicate our results from a pilot 
study with Italian and Czech English learners, demonstrating the reliability of 
our results. In terms of subjective evaluation of the speaker, we found different 
evaluations of characteristics related to the anthropomorphism, intelligence and 
likeability of the synthetic speaker. The speaker was consistently rated more com-
petent than human-like or likable. Moreover, AmE was rated more competent in 
relation CzE, indicating more positive attitudes towards L1 varieties. 

Thus, our original intention of measuring to what extent accent accommoda-
tion towards students’ own variety (a step towards “nativisation”) was perceived 
as helpful for learning was difficult, as our respondents were far from the lin-
gua franca ideal of accepting (their own) pronunciation differences (instead of 
rejecting them as deficiencies). This preference for L1 accents in teaching by 
Czech students, reflects traditional, positive attitudes towards native speakers in 
Eastern Europe, which are confirmed in other studies from the Czech Republic 
(Brabcová and Skarnitzl 2018)and Poland: Although over 71% of Polish language 
school students (and all of the teachers) agreed to the statement “It Is Acceptable 
to Speak English With a Foreign Accent” (Kiczkowiak 2018: 152), they agreed 
even more (78% and only half of the teachers) to “Students Should Try to Reduce 
Their L1 Accent When Speaking English” (ibid: 153). It is also interesting that 
in this Polish sample the quality that a teacher “Speaks English as their mother 
tongue OR “Is a Native English Speaker” is much more important to students 
(around 70%; ibid: 162) than to teachers (around 20%; ibid: 166). Thus, English 
is indeed seen as “foreign” and not “accommodated” or “nativized” by learners, 
even in university contexts.

With improved TTS model prosody and a larger sample, future studies can test 
the influence of variety familiarity on learning. By incorporating intentionally 
credible voices, language technology developers can address the individual needs 
of learners from different backgrounds and thereby give them active control over 
the product and the learning process. These efforts have the potential to ease the 
learning of L2 English speakers with an English-medium instruction by adapting 
to their individual learning in English. 
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