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Following the 2022 invasion of Ukraine, thousands of Ukrainian children enrolled in 
schools across Europe. In Spain, most lacked prior knowledge of Spanish. This study 
examines whether real-time speech-to-text translation technology (STTT) can reduce 
classroom language barriers. Two activities – a fable reading and a neuroscience lec-
ture – were conducted with 12–15-year-old Spanish-speaking students (n = 23) and 
Ukrainian students unfamiliar with Spanish but bilingual in Ukrainian and Russian. 
Using PowerPoint 365, the teacher’s speech was transcribed and translated into Rus-
sian – which at the time was far more reliably supported by automatic translation tools 
than Ukrainian – and projected onto a shared classroom display. Although this choice 
was based on technical and pedagogical criteria, it later drew some resistance, reflecting 
the sociopolitical sensitivities surrounding language use in wartime contexts. Compre-
hension was assessed using content-specific questionnaires. Ukrainian students scored 
lower than their Spanish peers but significantly higher than a control group (n = 22; p < 
0.001; Cliff’s delta indicated large effect sizes). Qualitative analysis of teacher interviews 
highlighted improvements in comprehension and inclusion, along with implementation 
challenges. Taken together, these findings indicate that STTT has the potential to sup-
port newly arrived refugee students and help address multilingual education challenges.

Keywords: AI transcription processing; refugee education; language barriers;  
educational inclusion

Introduction

A few months after the Russian invasion of Ukraine, over 6 million Ukrainians, 
including 665 000 students, fled their country and were welcomed by neighbouring 
nations (World Bank, 2022). Between 2014 and 2023, more than 3300 Ukrainian 
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educational institutions were attacked, with 1888 occurring after the full-scale inva-
sion (Save the Children, 2023).

In Spain, UNESCO reported that by March 2022, over 7000 Ukrainian students 
had joined educational institutions, 25% in secondary education. By February 2024, 
this number exceeded 38 000, with the Valencian Community hosting the largest share 
(12 730; INE, 2024). Initial rapid growth stabilised from March 2023 onwards.

Ukraine’s linguistic history reflects its complex past: Ukrainian predominates 
in rural areas, while Russian has been more common in urban centres, particularly 
during the Soviet era (Besters-Dilger, 2023). Although Ukrainian is the state lan-
guage, much of the population remains bilingual (Ivanova, 2013).

Most Ukrainian students arriving in Spain had no prior knowledge of Spanish, 
as English is the primary foreign language taught in Ukraine (84%; Smotrova, 2009). 
Their integration has posed challenges, with language barriers being among the most 
critical. Addressing these barriers, especially in education, is an urgent priority in such 
conflict scenarios.

Speech Recognition Technology (SRT) has been widely studied for its potential 
in supporting learning, particularly language acquisition (Dai & Wu, 2023; Jeon 
et  al., 2023; Nickolai et  al., 2024; Shadiev & Liu, 2023; Sun, 2023). Early studies 
highlighted its role in providing immediate feedback and improving pronunciation 
skills (Bernstein et al., 1990; Ehsani & Knodt, 1998; Warschauer & Healey, 1998). 
Recent advancements, including neural network-based systems, have enhanced SRT’s 
accuracy and applicability in educational contexts (Gao et al., 2022; Shadiev et al., 
2014). However, concerns remain regarding the accuracy and consistency of these tools, 
especially when used by non-native speakers or in classroom environments with back-
ground noise (Huang et al., 2016; Scott et al., 2022; Shadiev et al., 2020).

Despite these limitations, tools such as Google Speech Recognition and Dragon 
Naturally Speaking assist with listening, writing, and vocabulary acquisition (McK-
echnie et al., 2018; Shadiev & Liu, 2023). Research also shows SRT facilitates text 
comprehension by synchronising speech input with text output, benefiting learners 
with limited language proficiency (Chen, 2022; Shadiev et al., 2017a). These benefits 
extend beyond language learning. For example, Alvarez-Alonso et al., (2021) reported 
significant improvements in text comprehension when combining auditory and visual 
presentations, especially among boys and students with lower academic performance. 
This aligns with Gernsbacher’s (2015) findings that captions enhance comprehension, 
memory, and attention across diverse populations, including non-native speakers and 
those with varying literacy levels.

An important application of SRT is Speech-to-Text Technology (STT), which pro-
vides accurate transcriptions of verbal content in natural contexts, improving access 
to spoken information (Furui et al., 2004; Reddy et al., 2023). Scott et al. (2022) high-
lighted STT’s effectiveness in classroom settings, particularly for addressing auditory 
discrimination challenges, enhancing comprehension in noisy environments, and sup-
porting diverse learning needs.

STT also addresses specific learning challenges, improving accessibility, engage-
ment, and independence for students with learning difficulties (Berner & Alves, 2023; 
Matre & Cameron, 2022). Additionally, STT interventions have significantly enhanced 
text production in students with intellectual disabilities, increasing productivity and 
text quality (Sand et al., 2024). However, it is important to acknowledge that many 
such technologies were not originally designed with disability in mind, and claims of 
accessibility may reflect technoableist assumptions rather than actual inclusive design 
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(Shew, 2020). Despite these concerns, the reported improvements in learner outcomes 
suggest that STT – when thoughtfully implemented – holds promise for supporting a 
wider range of educational needs in diverse classroom contexts.

On the other hand, Speech-to-Text Translation (STTT) technology enables the 
conversion of spoken language into text −STT− and its translation into another lan-
guage, facilitating communication in multilingual contexts. Until recent years machine 
translation technologies have shown a growing but still limited application in critical 
fields such as healthcare, where they have improved multilingual communication and 
access to information (Dew at al., 2018). Recent advancements in translation models 
have achieved greater speed and accuracy by integrating advanced technologies such 
as neural networks and deep learning, significantly reducing processing errors, which 
ensure a promising future in many fields (Sethiya & Maurya, 2025). 

The STTT has shown promising potential in multilingual education by reducing 
language barriers and enhancing comprehension. Tools such as Google Translate and 
Microsoft Translator support language learning, translation training, and multilingual 
lectures, helping learners better understand foreign-language content (Shadiev et al., 
2024). In university lectures, STTT provides real-time translation and displays translated 
content, particularly benefiting non-native speakers with limited proficiency (Shadiev 
et al., 2017b; Shadiev & Sun, 2019). Research also highlights that STTT improves acces-
sibility and comprehension, while its impact on cognitive load depends on students’ 
language proficiency and the complexity of the content (Shadiev et al., 2020).

Despite these advancements, the application of STTT in natural classroom envi-
ronments, particularly at the secondary school level, remains underexplored. Our 
study addresses this gap by exploring the feasibility and potential classroom utility 
of STTT to reduce language barriers and improve the inclusion of Ukrainian refugee 
students in Spain. By observing its impact on academic content comprehension and 
gathering teacher feedback, we aim to provide evidence of its effectiveness. These 
findings contribute to ongoing discussions about the role of technology in enhancing 
education in multicultural and multilingual contexts, fostering greater inclusivity and 
addressing diverse learning needs.

Methods

Participants
The study included 62 volunteer secondary school students, aged 12 to 15, 56% girls, 
from five secondary education and vocational training schools in the province of 
Alicante (Spain) selected through convenience sampling. Of all participants, 20 were 
Ukrainian students who had recently arrived in Spain following the Russian invasion 
of Ukraine, 23 were native Spanish-speaking students, and 22 formed a mixed control 
group that did not attend the sessions but completed the tests. A group of Ukrainian 
students assisting to the activities without STTT support was not considered due to 
ethical reasons (see Ethical considerations section). The control group included both 
Spanish- and Ukrainian-speaking students of similar age and grade level who did not 
attend the activities and completed the same questionnaires in their native language. 
This allowed us to estimate baseline performance without prior exposure to the con-
tent, independently of language, as both versions of the questionnaires were designed 
and scored equivalently. In other words, since none of the control group participants 
– whether Spanish or Ukrainian – had any knowledge of the class content, the group 
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served as a valid baseline, assuming comparable background knowledge across cul-
tures. Notably, Spanish speakers in the control group tended to score slightly higher, 
introducing a conservative bias that reinforces the validity of the observed improve-
ments in the Ukrainian STTT groups. As mentioned in the Ethical Considerations sec-
tion, as the war progressed, it became increasingly difficult to recruit new Ukrainian 
participants, which limited the composition and size of the control group.

The Ukrainian students were selected by their teachers, who confirmed that they 
had no prior knowledge of Spanish, ensuring the presence of a language barrier for 
all participants in this group. 

Participants were distributed across four conditions based on their language 
(Spanish or Ukrainian) and the educational activity they attended (a neuroscience 
lecture or the reading of a fable), with an additional control group for each activ-
ity. These groups were: Spanish-speaking students attending the neuroscience lecture 
(Spanish Brain), Spanish-speaking students attending the reading of the fable (Span-
ish Fable), Ukrainian students using the STTT system during the neuroscience lecture 
(Ukrainian Brain), Ukrainian students using the STTT system during the fable-read-
ing activity (Ukrainian Fable), and control groups of students who answered the ques-
tionnaires without attending the activities (Control Brain and Control Fable).

Procedure
The study assessed STTT’s effectiveness through two activities:

1.	 Neuroscience Lecture. A 15-min neuroscience lecture was delivered by a teacher 
using PowerPoint 365’s STTT, transcribing and translating spoken Spanish into 
Russian in real time and projecting it onto a screen. Visual content (images) 
was included, but no additional text, and the presentation pace was slowed to 
approximately 90% of the usual speed to accommodate translation delays. Stu-
dents completed a 10-question multiple-choice questionnaire in Spanish and 
Russian afterwards.

2.	 Fable Reading. The teacher read a fable aloud while the STTT system transcribed 
and translated it in real time onto a screen. This activity relied solely on audi-
tory and textual input, excluding visual aids. Students then completed a similar 
comprehension questionnaire with 10 multiple-choice questions in Spanish and 
Russian.

The control group, which did not attend the sessions and lacked prior exposure to the 
content, answered the same questionnaires to establish baseline performance.

Questionnaire validation
Two bilingual experts in neuroscience and pedagogy validated the comprehension 
questionnaires to ensure their suitability for the participants’ educational level. Trans-
lations from Spanish to Russian were reviewed for both functional and conceptual 
equivalence by a bilingual Russian–Spanish student, with additional support from 
DeepL. 

Internal consistency was assessed using Cronbach’s alpha to ensure the 
reliability of  the questionnaires. Questions with high accuracy rates in the 
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control group (> 80%) were excluded to improve reliability. The final versions 
of  the questionnaires consisted of  six items for the Fable activity and seven 
items for the Brain activity. Analyses conducted using the psych package in R  
yielded standardised alpha scores of  0.72 for the Fable questionnaire and 0.75 
for the Brain questionnaire, reflecting acceptable reliability across the evaluated 
groups.

Evaluation of STTT system
A functional evaluation of the STTT system was conducted prior to the study using 
a back-translation procedure involving a fully bilingual student and an independent 
evaluator. The process, repeated across texts of varying complexity and speech speeds, 
yielded an estimated average translation reliability of approximately 70%. While not 
a formal validation, this approach offered a practical and context-sensitive estimate 
of translation adequacy.

Quantitative analysis
Statistical analysis

Normality was tested for each group using the Shapiro-Wilk test, which revealed 
violations of  normality in several groups (p < 0.05). Homogeneity of  variances 
was assessed using Levene’s test (centred on the median), confirming homogeneity 
across groups (F(5, N) = 0.34, p = 0.887). Due to the non-normal distribution of 
scores, non-parametric methods were employed. The Kruskal-Wallis test was used 
to assess overall differences between groups. The ‘Group’ variable combined par-
ticipants’ experimental conditions (Spanish, Ukrainian, or Control) and activity 
conditions (Brain or Fable) into six distinct groups (χ²(5) = 68.47, p < 0.001). Post 
hoc pairwise comparisons were conducted using the Mann-Whitney U test with 
Bonferroni-adjusted p-values to control for Type I error. Only comparisons with 
adjusted p-values below 0.05 were interpreted.

Cliff ’s Delta was calculated for all pairwise comparisons to measure the magni-
tude of the differences between groups. Effect sizes were interpreted as follows: small 
(|d| ≤ 0.147), medium (0.147 < |d| ≤ 0.33), and large (|d| > 0.33). 

The analyses were conducted using R packages, including dplyr for data manip-
ulation, ggplot2 for visualisation, car for Levene’s test, rstatix for Mann-Whitney U 
tests, effsize for effect size calculations, and flextable for formatting and exporting 
results. 

Qualitative design and analysis
This study employed an exploratory qualitative design to examine the experiences, 
perceptions, and recommendations of secondary-level teachers who used STTT in 
their classrooms. Audio responses of participants were transcribed using the Online 
Automatic Transcription software (TAL), developed by the University of Alicante’s 
IT service, which utilises Google’s voice recognition technology. The transcriptions 
were refined to correct punctuation errors, hesitations, and unnecessary pauses using 
GPT-4o, and then cross-checked with the original recordings to ensure accuracy and 
reliability.
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Interviewed participants

Five secondary-level teachers who regularly used the STTT system in their class-
rooms were selected for the interviews. Their profiles were diverse in terms of 
subject area and role within the school. The group included: (1) a technology 
teacher; (2) a language teacher who, in addition to teaching, supported foreign 
students (not only Ukrainian); (3) a computer science teacher; (4) a vocational 
training teacher in graphic arts; and (5) a school counsellor. Convenience sam-
pling was employed, prioritising teachers with substantial experience using the 
system. The interviews focused on five key questions addressing the following 
topics:

1.	 How would you describe your experience using the real-time transcription and 
automatic translation system (STTT) in the classroom? 

2.	 What impact have you observed on the learning and participation of Ukrainian 
students when using the system? 

3.	 What have been the main technical or pedagogical difficulties you faced when 
implementing the system? 

4.	 From your perspective, what aspects of the STTT system should be improved to 
make it more effective in the classroom

5.	 What recommendations would you give to other teachers interested in implement-
ing this technology in similar contexts?

Qualitative analysis

The qualitative analysis was conducted collaboratively by two authors, with sup-
port from ChatGPT-4 as a triangulation tool (Morgan, 2023), to help identify 
and refine meaningful themes in the interview transcripts. Human and AI analysis 
were mainly coincident, except for the identification of  notable individual com-
ments. Initial codes were generated based on the five main interview questions 
and expanded inductively to capture emergent insights. The final coding structure 
was organised into five thematic categories: (1) Teachers’ experiences with the 
STTT system. (2) Its impact on students’ learning and participation. (3) Technical 
and pedagogical challenges. (4) Areas for improvement. (5) Recommendations for 
other teachers.

A thematic diagram was created using Python to visually represent the findings. 
This diagram mapped the relationships between themes and subthemes, providing a 
clear overview of the qualitative results. 

Use of artificial intelligence
To support the writing process, the authors used ChatGPT (OpenAI, 2024) in a 
dynamic and interactive manner, primarily to improve grammar and clarity, as English 
is not their first language. The entire manuscript was manually reviewed and revised 
several times by the authors to ensure accuracy, coherence, and academic rigour. All 
conceptual development, experimental design, data analysis, and interpretation were 
carried out using traditional scholarly methods. ChatGPT was also used as a support 
tool during the qualitative analysis, complementing the manual coding and interpre-
tation process described in the corresponding section.
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Ethical considerations
This study was reviewed and approved by the Ethics Committee of the University 
of Alicante, ensuring compliance with the ethical and legal principles established for 
research involving human participants. The project was evaluated under file number 
UA-2024-07-22_1, and its design adhered to the Committee’s guidelines, including the 
protection of participants’ rights and the confidential handling of their data.

All participating teachers and students were previously informed about the study’s 
objectives and the conditions of their participation. The voluntary nature of their col-
laboration was ensured, and data anonymisation was guaranteed, both for interviews 
and comprehension tests. Furthermore, teachers signed an informed consent form 
detailing the use of the technological tools involved and the research purpose of the 
data collection. 

We did not include a group of  Ukrainian students with no knowledge of  Span-
ish and no access to STTT support in the activities, as it was considered unethical 
to involve them in a research setting where they could not understand the content. 
Such a condition would have placed them in a situation of  exclusion and academic 
vulnerability, conflicting with both ethical research standards and the inclusive 
objectives of  the intervention. The students were newly arrived refugees, unfamiliar 
with the local language and educational system, and were exposing them to learn-
ing activities without any linguistic support could have caused distress or a sense 
of  failure. For this reason, we deliberately chose not to establish an experimental 
group without access to STTT, accepting the methodological trade-off  in favour of 
student well-being.

In addition, while Russian was selected due to better system performance and par-
ticipants’ familiarity, it is important to note the growing demand for Ukrainian-lan-
guage support, especially given the sociopolitical context and community preferences. 
This language choice, although practical at the time, may have also limited participa-
tion as more families and organisations began to express a preference for Ukrainian-
only materials, complicating further recruitment efforts during the study.

Results

This study aimed to evaluate the effectiveness of a real-time transcription and trans-
lation system in the classroom. The goal was to improve the comprehension of edu-
cational content by displaced Ukrainian students in Spain who lacked knowledge of 
Spanish. 

Quantitative analysis of  student performance
Descriptive statistics

Table 1 and Figure 1 summarise the descriptive statistics for the percentage of correct 
responses across six groups, categorised by native language and activity. The Control 
Brain group exhibited the lowest mean score (M = 44.09, standard deviation [SD] = 
16.81), while the Spanish Brain group displayed the highest performance (M = 88.26, 
SD = 16.69). Similarly, among the fable-reading groups, Spanish Fable achieved a 
higher mean score (M = 87.83, SD = 16.44) compared to Ukrainian Fable (M = 67.46, 
SD = 15.39) and Control Fable (M = 50.88, SD = 15.41). These results highlight a con-
sistent advantage for Spanish-speaking participants across both activities. However, 
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Ukrainian participants using the STTT showed marked improvement compared to 
the Control group in both tasks.

Normality was assessed for each group using the Shapiro–Wilk test, revealing sig-
nificant deviations in the Spanish Brain (p < 0.001), Spanish Fable (p < 0.001), and 
Ukrainian Brain (p = 0.005) groups, while other groups did not deviate significantly 
(p > 0.05). Levene’s test confirmed homogeneity of variances across groups (F(5, N) = 
0.34, p = 0.887). These results justified the use of non-parametric methods for subse-
quent analyses.

The Kruskal–Wallis test revealed statistically significant differences among the 
six groups (χ2(5) = 68.47, p < 0.001). Post hoc pairwise comparisons were conducted 
using the Mann-Whitney U test with Bonferroni-adjusted p-values to control for Type 
I error. Significant differences were identified in both activities (Table 2). For the Brain 
activity, significant differences were observed between the Control Brain and Spanish 

Table 1. Descriptive statistics for correct responses by group and activity.

Group Activity Mean SD Sample_Size

Control Brain 44.09 16.81 22
Spanish Brain 88.26 16.69 23
Spanish Fable 87.83 16.44 21
Ukrainian Brain 77.37 18.21 19
Ukrainian Fable 67.46 15.39 14
Control Fable 50.88 15.41 19

Note: Each row represents a group defined by students’ native language and the activity attended (Brain = neuroscience 
lecture; Fable = fable reading). Ukrainian groups used the STTT system. Control group did not attend the activity and 
serve as a baseline for comprehension scores.

Figure 1.  Mean scores by group and activity with standard errors. Error bars represent 
standard deviations. Group names indicate the students’ native language and the activity 
completed (Brain = neuroscience lecture; Fable = fable reading). Ukrainian groups used 
real-time speech-to-text translation (STTT). Control groups did not attend the activities 
and completed the comprehension questionnaires without prior exposure to the content. 
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Brain groups (p < 0.001), as well as between Control Brain and Ukrainian Brain 
(p < 0.001). For the Fable activity, significant differences were found between Control 
Fable and Spanish Fable (p < 0.001), Control Fable and Ukrainian Fable (p < 0.05), 
and Spanish Fable and Ukrainian Fable (p < 0.001). 

These results suggest that STTT improved comprehension among Ukrainian stu-
dents, enabling them to outperform control groups in both activities and effectively 
reduce language barriers.

The effect size analysis (Cliff ’s Delta) suggests significant and large effects for sev-
eral group comparisons, highlighting the potential impact of the intervention on the 
Ukrainian children (Table 3). The use of the STTT with Ukrainian children revealed a 
large effect size when comparing Ukrainian Brain and Ukrainian Fable groups to the 
Control Brain and Control Fable groups. Specifically, the comparison between Con-
trol Brain and Ukrainian Brain yielded a Cliff ’s Delta of −0.828 (p < 0.001), while the 
comparison between Control Fable and Ukrainian Fable produced a Cliff ’s Delta of 
0.940 (p < 0.001). These findings indicate a substantial improvement in performance 
in the Ukrainian group for both activities.

Comparisons between the Ukrainian Brain and Ukrainian Fable groups them-
selves revealed only small effect sizes (|d| = 0.083, p = 0.706), indicating that perfor-
mance differences within the Ukrainian group were minimal. Similarly, comparisons 
within the Spanish groups also yielded small to medium effect sizes, such as for Span-
ish Brain versus Spanish Fable (|d| = 0.085, p = 0.642).

Table 2. Results of Kruskal-Wallis analysis and post hoc comparisons.

Group comparison Group 2 P Activity

Control Spanish < 0.001 Brain
Control Ukrainian < 0.001 Brain
Control Spanish < 0.001 Fable
Control Ukrainian < 0.05 Fable
Spanish Ukrainian < 0.001 Fable

Note: Significant comparisons (p < 0.05, Bonferroni-adjusted) with activities specified. Each comparison involves two 
groups defined by language and activity type (Brain = neuroscience lecture; Fable = fable reading). All Ukrainian groups 
used the STTT system; Control groups did not attend the activity. 

Table 3. Effect sizes and statistical significance for group comparisons.

Group 1 Group 2
Cliff ’s  
delta

Effect size 
interpretation

P
Adjusted 
P-value

Control Brain Spanish Brain -0.95 Large 0.000 0.000
Control Brain Ukrainian Brain -0.83 Large 0.000 0.000
Control Brain Control Fable -0.05 Small 0.786 1.000
Spanish Brain Spanish Fable 0.08 Small 0.642 1.000
Spanish Brain Ukrainian Brain 0.38 Large 0.035 0.524
Spanish Fable Ukrainian Fable 0.40 Large 0.048 0.718
Spanish Fable Control Fable 0.99 Large 0.000 0.000
Ukrainian Brain Ukrainian Fable 0.08 Small 0.706 1.000
Ukrainian Fable Control Fable 0.94 Large 0.000 0.000

Note: P-values adjusted using Bonferroni correction. Cliff ’s Delta interpretation: Small (|d| ≤ 0.147), Medium (0.147 < |d| ≤ 
0.33), Large (|d| > 0.33). Group names indicate students’ native language, and the activity completed (Brain = neuroscience 
lecture; Fable = fable reading). Ukrainian groups used the STTT system; Control groups did not attend the activity.
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In summary, the analysis suggests large and statistically significant effects of the 
STTT intervention on Ukrainian children, although limitations in control group 
composition and the low number of participants should be taken into account. 

Qualitative analysis of  teachers’ testimonials
The analysis of the semi-structured interviews was structured around the five pre-
defined themes corresponding to the interview questions: (1) teachers’ experiences 
with the STTT, (2) its impact on students’ learning and participation, (3) technical 
and pedagogical challenges, (4) areas for improvement, and (5) recommendations for 
other teachers. These themes, along with their interrelations, are visually represented 
in Figure 2, which provides an overview of the relationships between the main catego-
ries and subcategories derived from the coding process.

Figure 2.  Thematic map of teachers’ experiences, challenges, and recommendations 
related to the STTT system. The diagram represents the results of the qualitative analysis 
of transcriptions from the responses of five teachers after using the STTT system.
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Teachers’ experiences with the STTT system were predominantly positive. Partic-
ipants highlighted the tool’s potential to enhance classroom communication in multi-
lingual contexts, although initial uncertainty was common. For example, one teacher 
stated, ‘My initial expectations were not very high because I didn’t know how it worked’ 
Despite these reservations, the system quickly suggested its utility, with teacher par-
ticipants reporting positive surprises, such as improved student engagement. As one 
teacher remarked, ‘From the very first moment, I noticed they connected somewhat with 
the class’

The perceived impact on students’ learning and participation was significant. 
Teachers reported improvements in comprehension, social integration, and group 
motivation. One participant noted, ‘Students adapted effectively to this system for 
learning’, while another emphasized that it ‘reduced students’ initial anxiety’ However, 
individual differences were apparent, as some students engaged enthusiastically while 
others quickly lost interest. Motivated students appeared to benefit the most from the 
system, according to the teachers.

Technical and pedagogical challenges were among the barriers to the effective 
use of the STTT system. Technical issues such as unreliable internet connections and 
the dependency on classroom projectors were frequently cited. One teacher noticed, 
‘Internet connection was a recurring problem’. System limitations, including the inabil-
ity to support multiple languages simultaneously and the occasional inaccuracy of 
translations, further complicated its implementation. On the pedagogical side, par-
ticipants needed to adapt their teaching styles, often slowing down their speech and 
articulating more clearly, to improve the system’s effectiveness.

Teachers identified areas for improvement that could enhance the STTT system’s 
functionality and accessibility. Expanding language options, particularly for regional 
languages such as Valencian, was a recurring suggestion. Improving transcription 
speed and accuracy, particularly for specialised terminology, was identified as a key 
area for enhancement. Additional features, such as integration with mobile devices 
or the ability to send subtitles directly to students’ phones, were proposed to improve 
accessibility and usability.

Finally, the participating teachers offered recommendations for colleagues plan-
ning to implement the STTT system. Many emphasised the importance of conduct-
ing initial trials with small groups to build familiarity and confidence. One teacher 
explained, ‘Testing the system several times before regular use builds confidence’. 
Effective planning was also crucial, particularly in managing pauses and adjusting 
the rhythm of explanations. Training was another recurring recommendation, with 
one participant asserting, ‘Training on this tool should be mandatory for teachers’ and 
another highlighting the need to develop technical skills with complementary tools 
such as Office 365.

Discussion

Although voice recognition and speech-to-text technologies have existed for decades 
(Klatt, 1987; McTear, 2002), their use in classroom settings – particularly beyond sec-
ond-language learning or learning disabilities – has been explored to a limited extent. 
Recent studies focusing on the university level have shown that speech recognition and 
translation tools significantly enhance comprehension in multilingual environments, 
particularly when visual and auditory modalities are combined to reinforce learning 
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(Shadiev et al., 2020; Shadiev et al., 2024). However, little to no research has specifi-
cally focused on secondary school students, and even less on vulnerable populations 
such as refugee participants.

This study evaluated the effectiveness STTT in improving the comprehension of 
educational content among Ukrainian refugee secondary school students with no 
knowledge of Spanish. The results indicate that, although Ukrainian students scored 
lower than their Spanish peers in academic-style tasks, their performance was signifi-
cantly higher than that of the control group. While this difference suggests that STTT 
may contribute to reducing language barriers and improving comprehension, the 
design limitations – particularly the absence of a pretest and the lack of an equivalent 
control group – mean these findings should be interpreted as preliminary. Nonethe-
less, they provide promising indications of the tool’s potential value, especially when 
considered alongside the qualitative insights provided by teachers. Importantly, it 
remains unclear whether the observed benefits would persist under conditions of reg-
ular classroom use. Future research should therefore examine the effects of sustained 
STTT use on students’ day-to-day comprehension and academic progress, rather than 
focusing solely on one-off  interventions. 

Despite these limitations, the findings align with previous studies that highlight the 
role of speech recognition technologies in facilitating learning in multilingual contexts 
and second-language instruction (Shadiev & Liu, 2023), as well as improving literacy 
among students with learning difficulties (Matre & Cameron, 2022). Similar insights 
were reported by Ulum et al., (2025), who found that automatic translation tools such 
as Google Translate helped bridge communication gaps between Turkish police and 
refugee populations. Likewise, it has been reported that refugees generally perceived 
automated translation as helpful for navigating daily life, but found that these tools 
often failed in emotionally complex or context-dependent situations (Agrawal et al., 
2023). In contrast, the STTT system in our study was embedded within structured 
classroom activities and supported by trained teachers, a setting that may help reduce 
some of these limitations by providing clearer communicative goals and pedagogical 
scaffolding.

Moreover, our results must be understood within the broader mental health chal-
lenges faced by refugee populations. Recent analyses have shown that Ukrainian 
refugees, particularly children and adolescents, experience elevated risks of post-trau-
matic stress disorder, depression, and anxiety due to cumulative war-related stress and 
displacement (Kapel Lev-Ari et al., 2024; Osokina et al., 2023). Factors such as sepa-
ration from family members, exposure to violence, and adapting to a new cultural and 
linguistic environment contribute to these outcomes. However, protective elements 
such as supportive school environments and structured educational interventions such 
as STTT could contribute to bolster resilience and improve psychological well-being. 
These findings highlight the importance of integrating educational technologies into a 
framework that simultaneously supports learning and emotional well-being, aligning 
with recommendations for refugee mental health services (Osokina et al., 2023).

This perspective is further supported by broader policy-level insights, such as 
those presented by the European Union Institute for Security Studies (AbuJarour, 
2022), which emphasised the importance of using information and communication 
technologies (ICT) in education to promote the integration of refugee students. Their 
report highlights how early access to digital educational tools – particularly in linguis-
tically challenging environments – can improve both learning outcomes and social 
inclusion. The structured use of STTT in our study reflects this perspective, offering 

http://dx.doi.org/10.25304/rlt.v33.3418


Research in Learning Technology

(page number not for citation purpose)
Citation: Research in Learning Technology 2025, 33: 3418 - http://dx.doi.org/10.25304/rlt.v33.3418� 13

a practical example of how educational technologies can contribute to both cognitive 
and emotional aspects of integration.

In our study, the comparison of Ukrainian and Spanish students revealed signifi-
cant differences in both activities, with the native group outperforming the Ukrainian 
group. This difference, expected due to the language barrier and the imperfections of 
the STTT, highlights the need to continue optimising technological tools to further 
narrow the performance gap between non-native and native students (Shadiev & Liu, 
2023). 

The development of STTT systems has seen significant advancements in recent 
years, particularly with the emergence of end-to-end (E2E) models, which aim to 
overcome the cascading errors prevalent in traditional systems such as those used in 
PowerPoint 365 by unifying speech recognition and translation into a single frame-
work (Sethiya & Maurya, 2024).

Despite the rapid advancements and effectiveness of STTT, it cannot replace the 
necessity of complementary pedagogical strategies or broader programmes focused 
on linguistic immersion and emotional support. In this context, the emotional impact 
on refugee students is critical, as highlighted by research on vulnerable populations 
(Save the Children, 2023).

From a qualitative perspective, teacher testimonies provide relevant complemen-
tary insights. Teachers agreed on the system’s usefulness in fostering inclusion and 
student participation, which aligns with previous studies on assistive technologies 
applied to linguistically diverse contexts (Matre & Cameron, 2022). At the same time, 
it is important to acknowledge that teachers were aware of their participation in a 
study, which may have influenced their responses – a possibility consistent with the 
Hawthorne effect (Sedgwick & Greenwood, 2016).

Most teachers also pointed out technical challenges, such as the dependence on 
a stable internet connection and the need to adjust the teaching pace to facilitate 
translation. In particular, teachers noticed that latency and segmentation issues could 
momentarily hinder comprehension, especially during fast speech or when com-
plex terminology was used. To reduce these effects, teachers reported adjusting their 
delivery, introducing pauses, or repeating key information to ensure clarity. These 
adaptations reflect a flexible pedagogical response to technological constraints, and 
highlight the importance of teacher training for effective implementation. These tech-
nical issues are consistent with limitations reported in the implementation of similar 
tools in other studies (Li, 2022; Mehrish et al., 2023). Suggestions such as offline func-
tionality or the integration of more dynamic visual tools underscore the potential for 
improving these technologies in practical applications.

From a pedagogical perspective, and to enhance teacher motivation to use STTT 
when necessary, the qualitative information obtained in this study highlights the impor-
tance of preliminary practice for successful implementation. In addition, self-pacing 
the rhythm of speech and incorporating a dynamic delivery style have been shown to 
further enhance the effectiveness of these tools. While the integration of PowerPoint’s 
STTT features and wireless microphones is technically straightforward – requiring only 
a simple plug-and-play setup and a few clicks in the software – teachers have often 
been hesitant to experiment with these tools. This suggests the importance of offering 
targeted training programmes that not only build educators’ technical skills but also 
support the integration of digital tools into their personal and professional identities. 
Such initiatives can help teachers navigate the challenges of digital transformation in a 
way that aligns with their individual teaching practices (Clark, 2020).
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Limitations and future work

A key strength of this study lies in its focus on a vulnerable and hard-to-reach popula-
tion, complemented by the integration of quantitative and qualitative analyses to pro-
vide a comprehensive understanding of the system’s benefits and limitations. While 
the moderate sample size poses a limitation (Creswell, 2015), the qualitative insights 
from five teachers, who reported positive experiences with the efficacy of the STTT 
system under routine classroom conditions, provide strong support for the findings. 

In addition, several other methodological limitations must be acknowledged. The 
absence of a pretest prevented the establishment of baseline equivalence between 
groups. Moreover, the control and experimental groups differed in more than just 
their use of the STTT system, as the control group did not attend the classroom 
activities. In addition, the control groups included students from both Spanish- and 
Ukrainian-speaking backgrounds, each of whom completed the comprehension ques-
tionnaires in their native language. While this design allowed us to estimate baseline 
performance without prior exposure to the content, it may have introduced a source 
of variability. Notably, Spanish-speaking students tended to perform slightly better 
within the control groups, suggesting that any language-related bias would act against, 
rather than in favour of, the main hypothesis – thereby reinforcing the observed effect 
of the STTT system. A further limitation is the short exposure time to STTT, which 
was limited to approximately 15 min during both the fable and the neuroscience lec-
ture, thus constraining the scope of the observed effects. 

Furthermore, the comprehension measures used in the study were not formally 
validated using standardised psychometric methods. While we employed expert 
review and conducted an informal back-translation reliability assessment prior to 
data collection, future studies should incorporate formal validation procedures and 
collaborate with language education specialists to ensure the robustness of assessment 
tools. Additionally, the estimated 70% reliability of the STTT output highlights the 
current limitations of these technologies, as discussed by other authors (e.g. Chun & 
Lewis, 2022; Li, 2022; Mehrish et al., 2023; Shadiev et al., 2024), and points to the 
need for ongoing refinement.

Nevertheless, as the initial influx of refugee students has decreased and many have 
since acquired proficiency in the local language, recruiting additional participants for 
similar studies has become increasingly challenging. Future research should address 
these challenges by employing larger and more diverse samples across multiple educa-
tional contexts. It should also consider the dynamic nature of language acquisition, par-
ticularly in contexts where learners start with no prior knowledge of the target language. 
The use of STTT systems is especially valuable during the initial stages, offering crucial 
support in challenging situations, such as those faced by refugee students. However, as 
learners reach a certain threshold of proficiency in the local language, a gradual transi-
tion from STTT to STT could serve as an effective tool to reinforce comprehension and 
support continued language development until reaching a certain average level (Mat-
thew, 2020). This phased approach could help balance the immediate need for transla-
tion with the long-term goal of fostering independent language skills.

Conclusion

Taken together, the quantitative outcomes and qualitative teacher feedback suggest that 
STTT can support academic content comprehension and promote inclusion among 
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refugee secondary school students with limited proficiency in the local language. Max-
imising its impact requires enhancing technical robustness, adding complementary 
pedagogical resources, and implementing targeted teacher training. These findings 
underscore the role of technology in reducing educational barriers and highlight the 
need for further research on its application in multilingual and vulnerable contexts.

The importance of such solutions is amplified by the challenges faced by chil-
dren in war-affected regions, like those from Ukraine, where the conflict has severely 
impacted physical and mental health. These children face disrupted access to basic 
services and significant mental health challenges, worsened by the destruction of 
schools and healthcare facilities. Addressing these barriers demands both immediate 
humanitarian efforts and long-term strategies incorporating innovative tools such as 
STTT to foster inclusion, resilience, and well-being in multicultural settings.
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