Duolingo-Supplemented Pronunciation Practice among First-Year Non-English Major Vietnamese University Students

Abstract: This mixed-methods study examined how Duolingo-supplemented practice was associated with the pronunciation of first-year non-English major Vietnamese university students. Thirty students used Duolingo for eight weeks alongside regular instruction. Pre- and post-test recordings, questionnaires, and semi-structured interviews were analyzed. Pronunciation scores rose significantly (t(29) = 6.14, p < .001, d = 1.12), with comparable gains in word-list, sentence, and passage reading, and practice frequency was strongly associated with gain (r = .74). Learners valued the app’s accessibility, motivational design, and native-speaker models and reported greater confidence, but criticized its basic feedback and limited attention to connected speech and rhythm. Because the design had no control group, gains cannot be attributed to Duolingo alone. Duolingo-supplemented practice was associated with improved pronunciation and appears most useful when combined with classroom work on suprasegmental features and communicative fluency.
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Tóm tắt: Nghiên cứu hỗn hợp khảo sát mối liên hệ giữa luyện phát âm bổ trợ bằng Duolingo và phát âm của 30 sinh viên năm nhất không chuyên tiếng Anh sau tám tuần. Dữ liệu gồm bản ghi âm trước và sau, bảng hỏi và phỏng vấn. Điểm phát âm tăng có ý nghĩa (t(29) = 6,14; p < 0,001; d = 1,12), tương đương ở cả ba bài đọc; tần suất luyện tập tương quan mạnh với tiến bộ (r = 0,74). Sinh viên đánh giá cao tính tiện dụng, mẫu phát âm bản ngữ và tự tin hơn, nhưng cho rằng phản hồi còn sơ lược. Do không có nhóm đối chứng, kết quả không thể quy riêng cho Duolingo. Luyện tập bổ trợ này liên quan đến phát âm tốt hơn và dường như hữu ích nhất khi kết hợp giảng dạy về siêu đoạn tính.

Từ khóa: Duolingo, kỹ năng phát âm, học ngôn ngữ qua thiết bị di động, sinh viên không chuyên ngữ

INTRODUCTION

English has increasingly functioned as a global lingua franca, leading Vietnamese and other higher education institutions to place greater emphasis on English (Crystal, 2012; Jenkins, 2015). Within communicative competence, pronunciation is critical for intelligible spoken communication (Derwing & Munro, 2015). Nevertheless, it remains underemphasized in Vietnamese tertiary EFL education because of limited instructional time, textbook- and examination-driven curricula, and teachers’ limited training in pronunciation pedagogy (Nguyen et al., 2021; Nguyen & Newton, 2020). First-year students therefore often face persistent pronunciation difficulties that undermine their oral proficiency and confidence.

The transition from secondary to tertiary education further exacerbates these challenges. Many first-year non-English major students struggle with vowel production, consonant clusters, word stress, and intonation, which reduces intelligibility (Le, 2024; Levis, 2005; Luu, 2011). Teacher-centered, rote-based instruction offers little interactive practice or corrective feedback, both essential for pronunciation development (Nguyen & Newton, 2020; Thornbury, 2005).

In response, mobile-assisted language learning (MALL) offers flexible, learner-centered practice beyond the classroom (Golonka et al., 2014). Duolingo, a widely used application, incorporates pronunciation practice through native-speaker audio, repetition, gamified tasks, and immediate feedback in a low-pressure environment (Munday, 2016), which may help where individualized feedback is difficult to provide.

Despite Duolingo’s widespread use, empirical research on its effect on pronunciation remains limited, especially among non-English major students in Vietnam. Existing MALL studies have focused largely on vocabulary, grammar, or general proficiency (Golonka et al., 2014; Metruk, 2024), and research on pronunciation apps in Vietnam has mostly involved English majors (e.g., Pham & Pham, 2025), leaving non-English major learners with lower oral proficiency underexamined.

This study therefore examines how Duolingo-supplemented practice is associated with the pronunciation of first-year non-English major university students, addressing three research questions.

Research question 1: To what extent was Duolingo-supplemented practice associated with changes in the pronunciation accuracy of first-year non-English major Vietnamese students?

Research question 2: What specific pronunciation aspects (e.g., vowel sounds, consonant clusters, intonation) showed the most change through the use of Duolingo?

Research question 3: What are students’ perceptions of Duolingo as a supplementary tool for English pronunciation practice in a non-English major university context?

LITERATURE REVIEW

Pronunciation in Foreign Language Acquisition

Inaccurate pronunciation can impede understanding even when grammar is correct (Derwing & Munro, 2015; Gilakjani, 2016), yet pronunciation instruction is frequently marginalized in Vietnamese tertiary EFL contexts. Vietnamese learners face distinct challenges stemming from differences between Vietnamese and English phonology, including final consonant omission (Tang, 2007), confusion between similar consonants and difficulty with fricatives (Luu, 2011), and difficulty with vowel distinctions and intonation (Le, 2024), which can erode willingness to speak (Ho & Truong, 2022). Repetition drills can improve segmental accuracy but often lack communicative relevance and are constrained by limited class time and teacher training (Qader et al., 2024).

Mobile-Assisted Language Learning and Pronunciation

MALL enables flexible, individualized practice and immediate feedback (Golonka et al., 2014). Mobile-assisted pronunciation training can support learner autonomy (Garcia Botero et al., 2019), and systematic reviews report generally positive effects on EFL pronunciation (Metruk, 2024). However, this evidence concentrates on segmental features (Liakin et al., 2015), while suprasegmentals such as rhythm, stress, and intonation remain understudied and are often addressed through controlled listen-and-repeat practice (Amrate & Tsai, 2024). Applications that mainly deliver content may also offer limited opportunities for communicative use (Kukulska-Hulme & Shield, 2008).

Technology-Enhanced Pronunciation Learning

Automatic speech recognition (ASR) and computer-assisted pronunciation training provide instant feedback and visual representations of speech, and work best when combined with teacher-led instruction (Fouz-González, 2015; García et al., 2020). However, ASR struggles with natural speech and gives limited support for rhythm and intonation, so scholars advocate blending technology with communicative classroom practice (Levis, 2007).

Duolingo and Pronunciation Learning

Duolingo is among the most widely used MALL platforms, known for accessibility and gamified design (Falk & Götz, 2016; Shortt et al., 2023), and has shown effectiveness for vocabulary and basic grammar (Loewen et al., 2019), supported by a spaced repetition algorithm (Settles & Meeder, 2016). Its pronunciation feedback, however, is relatively limited, typically binary correct/incorrect judgments with little phonetic detail (Permatasari & Aryani, 2023), whereas specialized apps such as ELSA Speak offer more detailed AI-based feedback (Pham & Pham, 2025). Gains in oral skills are also comparatively modest relative to written skills, persistence is hard to sustain (Loewen et al., 2019), and outcomes are comparable to those of another commercial app, Babbel (Kessler et al., 2023).

Duolingo in Non-English Major Contexts

In Vietnam, Duolingo has been widely adopted as a supplementary tool for vocabulary and listening that encourages autonomous learning, though its capacity to develop communicative competence and pronunciation diversity remains limited (Garcia Botero et al., 2019; Tuong & Dan, 2024). Scholars recommend integrating it with teacher-guided speaking activities (Lightbown & Spada, 2013).

Theoretical Frameworks for MALL

MALL is grounded in constructivist learning theory, which views learners as active participants constructing knowledge through meaningful tasks (Kim, 2005), complemented by Task-Based Language Teaching (Ellis, 2003). Situated and sociocultural theories highlight social interaction and authentic contexts (Lave & Wenger, 1991), which Duolingo, being largely individualistic, offers only to a limited degree.
Overall, the literature highlights MALL’s potential for pronunciation learning while underscoring Duolingo’s limited feedback depth, suprasegmental instruction, and communicative practice. This study addresses these gaps among first-year non-English major university students in Vietnam.

METHODOLOGY

Research Design

This study employed a sequential explanatory mixed-methods design (Creswell & Plano Clark, 2018): quantitative data were collected and analyzed first, followed by qualitative data that explained and contextualized the quantitative findings, with pre-/post-test results informing the interview questions. The two strands were integrated at the interpretation stage, with interview and questionnaire data used to explain the quantitative patterns (Cohen et al., 2013).

In the quantitative phase, participants completed a pronunciation pre-test before the Duolingo implementation and a post-test upon its conclusion. In the qualitative phase, semi-structured interviews were conducted after the implementation to capture shifts in perceptions, confidence, and attitudes, and pre- and post-intervention questionnaires gathered broader attitudinal data.

The design was theoretically grounded in constructivist learning theory, which positions learners as active agents who build knowledge through interaction, feedback, and reflection (Vygotsky, 1978); Duolingo’s native-speaker audio, interactive speaking tasks, gamified practice, and immediate feedback align with this orientation by supporting learner autonomy and self-regulated practice.

Participants

The participants were 30 first-year non-English major students (aged 18-21) enrolled in compulsory English courses at the Academy of International Studies, a population that typically receives limited explicit pronunciation instruction despite persistent difficulties (Nguyen et al., 2021; Nguyen & Newton, 2020). They were recruited through purposive sampling (Cohen et al., 2013) and had completed secondary education in Vietnam, where English instruction emphasizes grammar, reading, and test preparation. A sample of 30 balanced practical constraints with the need for meaningful quantitative and qualitative analysis (Cohen et al., 2013).

Data collection methods

Pronunciation Pre-test and Post-test

Pronunciation was measured through identical pre- and post-tests, each consisting of three individually recorded spoken tasks: word-list reading targeting phonemic features difficult for Vietnamese learners, such as vowel contrasts, final consonants, and consonant clusters (Luu, 2011); sentence reading eliciting word stress and rhythm; and passage reading assessing intonation and overall intelligibility. These tasks assessed segmental and suprasegmental features, both core components of intelligible speech (Derwing & Munro, 2015; Levis, 2018). Recordings, made in a quiet classroom and anonymized before rating, lasted about 10-15 minutes per participant.

Recordings were scored by two independent raters, blind to test phase, using a standardized analytic rubric covering segmental accuracy, suprasegmental control, and overall intelligibility. Scores were allocated across the three tasks (word-list reading, maximum 1.5 points; sentence reading, 1.5; passage reading, 2.0) for a total out of 5, and each participant’s final score was the mean of the two raters’ scores. Inter-rater reliability across all 60 recordings was moderate (Cohen’s κ = .55; Landis & Koch, 1977): the raters agreed exactly on 38 recordings and differed by one point on the rest; because no disagreement exceeded one point, none required adjudication and the mean of the two scores was used. A quadratic-weighted kappa (κ = .70) and an intraclass correlation coefficient (ICC(2,1) = .70) were also calculated. The post-test also included a brief written self-assessment, kept separate from scored results and used solely as supplementary qualitative data.

Duolingo was implemented as a supplementary pronunciation tool over eight weeks alongside regular classroom instruction. Participants were asked to complete approximately 10–15 minutes of daily practice (actual engagement is reported in Tables A2 and A5), focusing on listening and speaking tasks involving imitation of native-speaker audio and oral production assessed by the app’s speech recognition. Short, frequent sessions were prioritized, consistent with evidence on spaced repetition (Fouz-González, 2015). In-app engagement data (streaks, lessons completed, time on task) were collected as a compliance measure, and weekly check-ins monitored participation and addressed technical or motivational difficulties (Golonka et al., 2014).

Questionnaire

The questionnaire was adapted from Munday’s (2016) Duolingo attitude scale and Dörnyei and Taguchi’s (2010) motivation questionnaire, modified for pronunciation learning through MALL among Vietnamese university students. Two applied linguistics experts reviewed it for content validity, and it was piloted with ten students outside the main sample; Cronbach’s alpha exceeded .70 for all subscales (Dörnyei & Taguchi, 2010).

Pre- and post-intervention versions used five-point Likert-scale items and a few open-ended questions. The pre-questionnaire covered prior MALL experience, baseline confidence, and expectations; the post-questionnaire covered usage patterns, perceived feedback effectiveness, engagement with gamified features, perceived improvement, and challenges.

Both versions were administered on paper in Vietnamese during class sessions (about 15-20 minutes), with completed forms assigned participant codes to maintain anonymity.

Semi-structured Interviews

Interview questions were drafted from the research questions and literature (Dörnyei, 2007; Golonka et al., 2014), reviewed by two specialists, and piloted with two students outside the main sample, leading to three rewordings and two added probes. The final protocol had 15 questions across four areas: prior experience and expectations, engagement, perceived changes in pronunciation and confidence, and challenges and overall evaluation.

A purposive sample of 15 participants, selected to represent a range of post-test outcomes, was interviewed individually for 20-30 minutes in Vietnamese and audio-recorded with consent. Recordings were transcribed verbatim, translated into English, and member-checked (Kvale, 2007).

Data Analysis

Descriptive statistics were calculated for pre- and post-test scores. Normality of the pre-/post-test difference scores was checked with a Shapiro-Wilk test, appropriate for samples below 50 (Field, 2018); total-score differences did not deviate significantly from normality, W = .94, p = .092. Because post-test scores alone were negatively skewed with a ceiling at the rubric maximum (W = .87, p = .002), a Wilcoxon signed-rank test was also run for every comparison. Paired-samples t-tests examined the pre-/post-test difference for the total score and for each of the three tasks, with effect size calculated as Cohen’s d for paired samples (the mean difference divided by the standard deviation of the differences) and interpreted against Cohen’s (1988) benchmarks. Because the tasks have different maximum scores, gains were also expressed as a percentage of each task’s maximum and compared with a Friedman test. Pearson correlation examined the relationship between usage frequency (self-reported category coded 1 = rarely to 4 = daily; Table A5) and pronunciation gain (post-test minus pre-test; Field, 2018), with Spearman’s rank correlation as a check, and Likert-scale data were analyzed descriptively. Significance was set at α = .05.

Qualitative data were analyzed thematically following Braun and Clarke’s (2006) six-step framework, for example grouping codes such as “app corrected my ending sounds” and “felt embarrassed speaking” into themes like feedback experience and affective response. Coding was manual, with a second coder independently coding 20% of the data; disagreements were resolved through discussion, and member checking validated interpretations (Kvale, 2007).

Validity and Ethical Considerations

Research validity was strengthened through alignment with established pronunciation theory, expert review of instruments, triangulation of data sources, and consistent implementation procedures (Cohen et al., 2013; Levis, 2018). Reliability was supported by inter-rater agreement, internal consistency checks, and pilot testing. The study was conducted with permission from the Academy of International Studies, granted on 15 August 2024 before data collection; no separate research ethics committee review was undertaken. Informed consent was secured from all participants, and confidentiality was strictly maintained.

Threats to Validity of the Study

A potential threat concerns participants’ adherence to Duolingo-based practice, since inconsistent participation may have affected the results. The MALL environment also exposes learners to distractions such as social media, and off-task behaviour and multitasking can undermine outcomes (Godwin-Jones, 2017). To mitigate these threats, the study used regular progress monitoring through Duolingo usage reports, explicit practice guidelines, and periodic reminders.

FINDINGS AND DISCUSSION

Learner Profile and Prior Experience with Mobile Learning

Participants were predominantly first-year students aged 18-19 (86.7%), with a relatively balanced gender distribution (Table A1). Although nearly all (96.7%) reported prior experience with language learning apps, half had never received formal pronunciation instruction, reflecting a common gap in Vietnamese tertiary education (Nguyen et al., 2021; Nguyen & Newton, 2020). Consistent with Golonka et al. (2014), learners appear technologically prepared for MALL but may lack structured guidance for complex skills such as pronunciation, positioning tools like Duolingo as compensatory resources.

Results of the Study

Quantitative analysis showed a statistically significant improvement in overall pronunciation scores over the eight-week intervention. The mean score increased from M = 3.63 (SD = 0.64) at pre-test to M = 4.35 (SD = 0.62) at post-test, a mean gain of 0.72 points (95% CI [0.48, 0.96]; Table 1; individual scores are in Tables A3 and A4). A paired-samples t-test showed that this difference was statistically significant, t(29) = 6.14, p < .001, with Cohen’s d = 1.12, a large effect by Cohen’s (1988) benchmarks; a Wilcoxon signed-rank test agreed (p < .001). Twenty-three of the 30 participants improved, five showed no change, and two declined, although ten post-test scores were already at the rubric ceiling of 5.0. Usage frequency (Table A5) was strongly and positively associated with individual gains, r(28) = .74, 95% CI [.52, .87], p < .001 (Spearman’s rₛ = .75, p < .001): mean gains rose from 0.07 points among students who practiced rarely (n = 7) to 0.58 (occasionally, n = 12), 1.17 (regularly, n = 6), and 1.40 (daily, n = 5). Heavier users also had lower pre-test scores, r(28) = −.54, p = .002, so part of this association may reflect more room for improvement and regression to the mean. Because the design included no control group, these gains cannot be attributed to Duolingo alone (see Limitations).

Table 1: Comparison of Pre-test and Post-test Results

	Measure
	Pre-test M (SD)
	Post-test M (SD)
	Mean gain
	t(29)
	p
	Cohen’s d

	Overall pronunciation (max 5)
	3.63 (0.64)
	4.35 (0.62)
	0.72
	6.14
	< .001
	1.12

	Word-list reading: segmental features (max 1.5)
	1.10 (0.23)
	1.31 (0.18)
	0.21
	5.15
	< .001
	0.94

	Sentence reading: word stress, rhythm (max 1.5)
	1.13 (0.21)
	1.34 (0.18)
	0.21
	6.37
	< .001
	1.16

	Passage reading: intonation, intelligibility (max 2.0)
	1.40 (0.28)
	1.70 (0.31)
	0.30
	5.08
	< .001
	0.93


Note. N = 30. SD = standard deviation; d = Cohen’s d for paired samples. Total scored out of 5; tasks out of 1.5, 1.5, and 2.0. All tests are two-tailed; Wilcoxon signed-rank tests gave p < .001 for every row. Individual scores are in Tables A3 and A4.

Qualitative data corroborated these findings. Students cited native-speaker audio models, structured repetition, and daily reminders as supporting regular practice:

“Listening to the correct pronunciation every day helped me remember how the sounds should be.” (Participant 4)

“The app reminded me to practice, so I did not forget to study pronunciation on my own.” (Participant 11)

These responses suggest that consistent input and the app’s notifications acted as an external self-regulation scaffold, helping learners sustain practice habits they might otherwise have neglected.

However, students also identified limitations in feedback precision, noting that speech recognition often accepted imperfect production:

“Sometimes I said it wrong but the app still said I was correct. I didn’t know what to fix.” (Participant 7)

This reveals a pedagogical gap: when learners cannot identify the nature of their errors, noticing and corrective uptake are diminished, consistent with Fouz-González’s (2015) caution about the diagnostic precision of automated feedback. Together, these findings suggest that Duolingo-supplemented practice was associated with meaningful gains under supervised conditions, while its effectiveness as a standalone tool remains limited.

Analysis by test task showed significant gains on all three components (Table 1). On word-list reading (vowel contrasts, final consonants, consonant clusters), scores rose from M = 1.10 (SD = 0.23) to M = 1.31 (SD = 0.18) out of 1.5, t(29) = 5.15, p < .001, d = 0.94; vowels and consonants were scored together and could not be analyzed separately. On sentence reading (word stress and rhythm), scores rose from M = 1.13 (SD = 0.21) to M = 1.34 (SD = 0.18) out of 1.5, t(29) = 6.37, p < .001, d = 1.16, and on passage reading (intonation and intelligibility) from M = 1.40 (SD = 0.28) to M = 1.70 (SD = 0.31) out of 2.0, t(29) = 5.08, p < .001, d = 0.93. Wilcoxon tests agreed for all three tasks (all p < .001). As a percentage of each task’s maximum, gains were 13.8, 14.0, and 15.0 points, respectively, and did not differ significantly, χ²(2) = 1.16, p = .559, so no single component changed most. Students reported increased confidence with problematic vowel contrasts (e.g., /ɪ/-/iː/, /æ/-/ɑː/) and with final consonants frequently omitted in Vietnamese English:

“Before, I always forgot the last sound of words. After using Duolingo, I paid more attention to finishing the word.” (Participant 3)

“I practiced the short and long vowels many times and I think I became more accurate.” (Participant 9)

These responses point to a metacognitive shift, heightened attention to previously neglected features, consistent with noticing hypothesis accounts, alongside the value of repeated, gamified practice in compensating for limited classroom time.

Suprasegmental features were assessed through the sentence- and passage-reading tasks, both of which showed significant gains (Table 1). Learners’ own perceptions were less positive: only 20.0% rated their improvement in stress and rhythm as 4 or 5 (Table A2), the lowest of the five features, and most participants identified these features as persistent challenges:
“I still find it difficult to know where to stress in a long sentence. Duolingo did not teach this clearly.” (Participant 6)

“My intonation still sounds flat. The app only checks if I said the word, not how I said the whole sentence.” (Participant 14)

These comments reflect a structural limitation of the app’s design: suprasegmental features emerge in extended discourse and require contextualized practice and feedback that Duolingo’s word- and sentence-level tasks do not provide, which matters particularly for Vietnamese learners, whose L1 tonal system does not map straightforwardly onto English intonation. These perceptions align with Levis’s (2005, 2018) emphasis on extended speech practice and contrast with the significant gains measured in sentence and passage reading, a difference taken up in the Discussion.
Questionnaire data indicated that 70% of participants felt more confident in their English pronunciation after the intervention (Table A2). Thematic analysis of interview data yielded three themes.

Theme 1: Reduced anxiety and increased willingness to practice

Participants described Duolingo’s low-stakes, gamified environment as psychologically enabling:

“In class, I am embarrassed to speak in front of everyone. On Duolingo, nobody is watching, so I feel more relaxed to try.” (Participant 2)

“I practiced speaking more because there was no teacher to judge me.” (Participant 8)

These responses show how removing the classroom audience lowered the perceived stakes of pronunciation attempts, consistent with Derwing and Munro’s (2015) emphasis on affective factors. Duolingo thus appears to offer a judgment-free rehearsal space that may prepare learners for more confident classroom participation.

Theme 2: Motivation through gamification, but inconsistent engagement

Gamified features such as streaks and badges were frequently mentioned as motivating, though engagement was moderate: 40.0% practiced three to four times per week and only 16.7% daily:

“I liked getting the streak. It made me want to keep going. But sometimes I was too tired or forgot.” (Participant 5)

“The points made it feel like a game, not studying. But I didn’t always have time.” (Participant 13)

These comments reflect a tension between initial motivational arousal and sustained engagement: gamified rewards activated extrinsic motivation but did not override competing time pressures, consistent with self-determination theory (Deci & Ryan, 2000) and Munday’s (2016) observation that sustained practice is critical for pronunciation development.

Theme 3: Perceived value as supplementary, not sufficient 
Most participants viewed Duolingo as a useful addition to, rather than a replacement for, formal instruction, expressing a desire for more targeted corrective feedback:

“Duolingo is good for practicing alone, but I still need my teacher to tell me exactly what is wrong.” (Participant 10)

“I want an app that explains why my pronunciation is wrong, not just say ‘try again’.” (Participant 17)

These responses show learners recognizing the gap between evaluative feedback (confirming an error) and explanatory feedback (diagnosing it), and implicitly endorse a blended model in which apps provide accessible practice while teachers supply diagnostic guidance (Fouz-González, 2015; Levis, 2018).

Discussion and Implications

Pedagogical Implications and Feasibility of Integration

Taken together, the results show a coherent pattern: Duolingo-supplemented practice was associated with statistically significant and practically meaningful gains in overall pronunciation (within the limits of a single-group pre-test/post-test design), comparable across word-, sentence-, and passage-level tasks, alongside positive affective outcomes and varied engagement.
The overall improvement, a mean gain of 0.72 points (Cohen’s d = 1.12), is broadly consistent with prior MALL research showing measurable gains from app-supported pronunciation practice over short periods (Burston, 2015; Liakin et al., 2015). The present findings extend this literature to Vietnamese non-English major learners, an underrepresented population, under supervised, supplementary conditions within eight weeks. The strong association between usage frequency and gain (r = .74) is consistent with a dose-response relationship, although heavier users also began with lower scores, so regression to the mean cannot be excluded.

The pattern of gains across tasks is theoretically informative. Gains in word-list reading are consistent with Derwing and Munro’s (2015) and Fouz-González’s (2015) arguments that segmental features suit discrete-item practice, and learners’ reports of heightened attention to neglected features resonate with Schmidt’s (1990) noticing hypothesis. However, sentence and passage reading, which targeted stress, rhythm, and intonation, improved by a comparable proportion (about 14 to 15 percentage points of each task’s maximum), so the data do not support the expectation, drawn from Levis (2005, 2018), that suprasegmental features would resist change over eight weeks. Either the app’s sentence-level speaking tasks supported prosodic development more than assumed, or part of the improvement reflects familiarity with the test tasks, which a single-group design cannot separate. Participants’ observation that the app evaluated words rather than continuous utterances remains a valid concern, since task-based gains do not guarantee intelligible connected speech.

The affective findings confirm and extend existing literature. Confidence gains reported by 70% of participants and reduced anxiety as a perceived benefit are consistent with Derwing and Munro’s (2015) emphasis on affective factors and MacIntyre et al.’s (1998) willingness-to-communicate framework. The app’s private environment may matter particularly for Vietnamese learners, where face-saving concerns and peer evaluation anxiety can suppress oral participation (Ho & Truong, 2022; Horwitz et al., 1986).

The gamification findings are more nuanced than the broadly positive conclusions of some prior studies (Huynh et al., 2016; Munday, 2016): engagement was moderate rather than consistent, cautioning against assuming that gamification reliably sustains engagement, in line with self-determination theory’s distinction between externally regulated and internalized motivation (Deci & Ryan, 2000).

Learners’ perceptions of Duolingo as supplementary rather than sufficient are consistent with Golonka et al.’s (2014) argument that MALL tools work best within structured pedagogical frameworks, strengthening the case for blended pronunciation instruction.

These findings carry several implications. First, the significant gains across tasks support using Duolingo as a structured out-of-class complement, with homework on vowel contrasts and final consonants and class time reserved for diagnostic feedback and connected speech. Second, because learners regarded stress, rhythm, and intonation as persistent weaknesses despite measured gains, explicit classroom instruction in these features remains necessary (Levis, 2018). Third, Duolingo could serve as a rehearsal space before higher-stakes speaking tasks. Finally, moderate engagement and the strong association between practice frequency and gain point to the need for accountability mechanisms, such as minimum weekly practice targets and instructor monitoring.

Limitations and Directions for Future Research

Several limitations should be acknowledged, each pointing to directions for future research.

Sample size and generalizability. The sample of 30 students from a single university limits generalizability. Future studies should use larger, multi-site samples across institution types, including urban and provincial universities.

Absence of a control group. The single-group pre-test/post-test design cannot rule out alternative explanations such as regular classroom instruction, incidental exposure to English media, or maturation. Future research should use a quasi-experimental or randomized design comparing a Duolingo-supplemented group with a control group.

Intervention duration. Because suprasegmental features are widely recognized as requiring prolonged, contextualized practice (Levis, 2018), it is unclear whether the gains observed after eight weeks would be sustained. Longitudinal studies with delayed post-tests would clarify long-term value.
Individual learner differences. The study did not account for language aptitude, prior proficiency, motivational orientation, or learning strategies, which may have mediated the relationship between Duolingo use and outcomes. Future research should include individual difference measures to identify which learners benefit most.

Measurement and scoring. Inter-rater agreement was moderate (κ = .55), and ten post-test scores were at the rubric ceiling of 5.0, limiting room for further gains. The tasks also do not isolate individual features: vowels and consonants were scored together, and stress, rhythm, and intonation were scored within sentence and passage reading. Future studies should use feature-level rubrics, more extensive rater training, and tests with headroom.

Technology limitations. The study relied on Duolingo’s existing speech recognition, whose accuracy and diagnostic value participants identified as limited. Future research could examine more sophisticated ASR tools or AI-driven pronunciation tutors alongside or instead of Duolingo.

CONCLUSION

This study examined the extent to which Duolingo-supplemented practice was associated with pronunciation accuracy, the development of specific pronunciation features, and learner perceptions among first-year non-English major Vietnamese university students. Overall scores rose significantly (d = 1.12), comparably across word-list reading (segmental features), sentence reading (stress and rhythm), and passage reading (intonation and intelligibility); practice frequency was strongly associated with gain; and learners reported greater confidence and reduced speaking anxiety. However, learners regarded suprasegmental features and fluency as persistent challenges, reflecting the constraints of Duolingo’s discrete-item, automated feedback design.

These findings, from a single-group design, suggest that Duolingo’s pedagogical value is most fully realized when embedded in a blended instructional framework rather than deployed as a standalone tool. Future research with larger samples, control groups, longer interventions, and individual difference measures will clarify when mobile applications best support pronunciation development for non-English major learners.
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APPENDIX
[bookmark: _Toc190337778]
1. Pre-Test and Post-Test
Instructions for Participants: In this test, you’ll read aloud a series of words, sentences, and a short passage. Your pronunciation will be recorded and evaluated based on accuracy, fluency, and intelligibility. Please read clearly and try to maintain a natural pace.
Part 1: Segmental Pronunciation – Vowels and Consonants
Minimal Pair Words: Read each pair aloud, focusing on making clear distinctions between similar sounds.
1. bit / beat
2. ship / sheep
3. pen / pan
4. full / fool
5. cot / caught
Isolated Words with Consonant Clusters: Read each word carefully, emphasizing clarity in the consonant sounds.
1. strength
2. crisps
3. street
4. splash
5. twelfth
Part 2: Suprasegmental Pronunciation – Intonation, Stress, and Rhythm
Sentence Stress and Intonation: Read each sentence, using appropriate stress and intonation patterns.
1. The teacher wants to speak with you.
2. Are you ready to start?
3. He isn’t sure if he should go now.
4. Could you call her later?
5. She bought a new car yesterday.
Intonation Contrast - Question vs. Statement: Read each sentence twice, once as a statement and once as a question.
1. It’s raining outside.
2. You finished the project.
3. They are coming to the event.
Part 3: Connected Speech - Fluency and Intelligibility
Reading Passage: Read the following passage aloud, paying attention to fluency and natural rhythm.
“The quick brown fox jumps over the lazy dog near the sparkling river. Children laugh and play as they chase the butterflies dancing in the bright sunlight. Everyone seems to enjoy the lively, cheerful afternoon.”

2. Pre-Questionnaire
	1. How old are you?
2. What is your gender? (1. Male; 2. Female; 3. Prefer not to say)
	1.  
	2. 
	3. 


3. How long have you been studying English? (1. Less than 1 year; 2. 1-3 years; 3. 3-5 years; 4. More than 5 years.
	1.  
	2. 
	3. 
	4. 


4. Have you ever used a mobile application for language learning? (1. Yes; 2. No)
	1.  
	2. 


5. How often do you practice your English pronunciation? (1. Never; 2. Rarely; 3. Sometimes; 4. Often; 5. Always)
	1.  
	2. 
	3. 
	4. 
	5. 


6. How confident are you in your current English pronunciation skills? (1 = Not confident at all, 5 = Very confident)
	1.  
	2. 
	3. 
	4. 
	5. 


7. What do you find most challenging about improving your English pronunciation? (Select all that apply) (1. Vowel sounds; 2. Consonant sounds; 3. Intonation; 4. Stress and Rhythm; 5. Fluency in connected speech)
	1.  
	2. 
	3. 
	4. 
	5. 


8. Have you ever received formal instruction specifically for pronunciation? (1. Yes; 2. No)
	1.  
	2. 


9. What are your expectations for using Duolingo to improve your pronunciation?
……………………………………………………………………………………….
10. On a scale from 1 to 5, how motivated are you to use Duolingo regularly for pronunciation practice? (1 = Not motivated at all, 5 = Very motivated)
	1.  
	2. 
	3. 
	4. 
	5. 


11. What features do you expect will help you most in improving your pronunciation? (Select all that apply) (1. Listening to native speakers; 2. Repeating phrases; 3. Immediate feedback on pronunciation; 4. Gamified exercises)
	1.  
	2. 
	3. 
	4. 






3. Post-Questionnaire
	1. How frequently did you use Duolingo for pronunciation practice during the intervention period? (1. Rarely (1-2 times a week); 2. Occasionally (3-4 times a week); 3. Regularly (5-6 times a week); 4. Daily)
	1.  
	2. 
	3. 
	4. 


2. On average, how much time did you spend on Duolingo each day? (1. Less than 5 minutes; 2. 5–10 minutes; 3. 10–15 minutes; 4. More than 15 minutes)
	1.  
	2. 
	3. 
	4. 


3. How engaging did you find Duolingo’s pronunciation exercises? (1 = Not engaging at all, 5 = Very engaging)
	1.  
	2. 
	3. 
	4. 
	5. 


4. How helpful was Duolingo’s immediate feedback on your pronunciation? (1 = Not helpful at all, 5 = Very helpful)
	1.  
	2. 
	3. 
	4. 
	5. 


5. To what extent do you think Duolingo has improved your pronunciation in the following areas? (1 = No improvement, 5 = Significant improvement)
Vowel sounds
	1.  
	2. 
	3. 
	4. 
	5. 


Consonant sounds
	1.  
	2. 
	3. 
	4. 
	5. 


Intonation
	1.  
	2. 
	3. 
	4. 
	5. 


Stress and rhythm
	1.  
	2. 
	3. 
	4. 
	5. 


Fluency in connected speech
	1.  
	2. 
	3. 
	4. 
	5. 


6. Do you feel more confident in your English pronunciation after using Duolingo? (1. Yes; 2. No)
	1.  
	2. 



7. What was the most challenging aspect of using Duolingo for pronunciation practice?
……………………………………………………………………………………….
8. How would you rate your overall satisfaction with Duolingo as a pronunciation tool? (1 = Very dissatisfied, 5 = Very satisfied)
	1.  
	2. 
	3. 
	4. 
	5. 


9. What features of Duolingo would you suggest improving to make it more effective for pronunciation practice?
……………………………………………………………………………………….
10. Would you recommend Duolingo to others for pronunciation practice? (1. Yes; 2. No)
	1.  
	2. 






4. Interview Questions
	1. Can you tell me about your overall experience using Duolingo during the study?
2. How familiar were you with Duolingo or similar language learning apps before participating in this study?
3. How regularly did you use Duolingo during the study period?
4. Did you enjoy using the app for pronunciation practice? Why or why not?
4.1. Can you describe specific aspects of the app that you found engaging or helpful?
5. In what ways do you feel your pronunciation has improved since using Duolingo?
6. Were there any particular sounds (vowels, consonants) or aspects (intonation, stress) that Duolingo helped you with the most?
6.1. Can you give an example of a pronunciation feature that you struggled with before and how Duolingo helped (or did not help) you address it?
7. Duolingo provides instant feedback on pronunciation. How helpful was this feedback for you?
7.1. Did you feel that the feedback was detailed enough to help you improve?
8. Did you encounter any difficulties or frustrations when using Duolingo for pronunciation practice?
8.1. Were there any limitations in the app’s pronunciation features that you found challenging?
9. Based on your experience, what features of Duolingo could be improved to better support pronunciation learning?
10. If you were to recommend Duolingo to a fellow student for pronunciation practice, what advice would you give them?
11. Overall, how would you rate your experience using Duolingo for pronunciation practice on a scale of 1 to 5?
11.1. What was your favorite aspect of the app, and what did you like the least?
12. Is there anything else you would like to share about your experience with Duolingo or any suggestions for how it could be more effective for students like you?
13. Can you explain what you mean by that?
14. Can you give me an example?
15. Why do you think that feature was helpful/difficult?



Table A1: Pre-questionnaire Results
	Participants’ Demographic Information

	Item
	Response Category
	Percentage (%)
	Actual number

	Age
	18
	13.3
	4

	
	19
	73.3
	22

	
	20
	10
	3

	
	21
	3.3
	1

	Gender
	Male
	50
	15

	
	Female
	43.3
	13

	
	Prefer not to say
	6.7
	2

	Length of English Study
	Less than 1 year
	6.7
	2

	
	1-3 years
	16.7
	5

	
	3-5 years
	13.3
	4

	
	More than 5 years
	63.3
	19

	Experience with Language Learning Apps
	Yes
	96.7
	29

	
	No
	3.3
	1

	Learners’ Prior Experience with English Pronunciation Learning

	Item
	Response Category
	Percentage (%)
	Actual number

	Frequency of Pronunciation Practice
	Never
	0
	0

	
	Rarely
	10
	3

	
	Sometimes
	50
	15

	
	Often
	23.3
	7

	
	Always
	16.7
	5

	Self-reported Pronunciation Confidence
	1
	3.3
	1

	
	2
	20
	6

	
	3
	50
	15

	
	4
	10
	3

	
	5
	16.7
	5

	Pronunciation Difficulties (can choose more than 1 answer)
	Vowel Sounds
	30
	9

	
	Consonant sounds
	30
	9

	
	Intonation
	53.3
	16

	
	Stress and Rhythm
	56.7
	17

	
	Fluency in Connected Speech
	66.7
	20

	Formal Pronunciation Instruction
	Yes
	50
	15

	
	No
	50
	15

	Learners’ Expectations of Using Duolingo for Pronunciation Improvement

	Expectation Theme
	Representative Response
	

	Pronunciation accuracy
	Correct pronunciation; pronounce words exactly; improve pronunciation

	Segmental features
	Improve vowel and consonant sounds

	Suprasegmental features
	Improve intonation, stress, rhythm, and fluency

	Native-like pronunciation
	Pronounce like a native speaker; achieve a native-like accent

	Fluency development
	Speak English more fluently; speaking better

	Learning support & convenience
	Daily practice; efficient app; review pronunciation

	Affective factors
	Relax after school

	Unclear / no specific expectation
	No particular expectations; use to learn new words

	Learners’ Motivation and Expected Duolingo Features

	Item
	Response Category
	Percentage (%)
	Actual number

	Motivation to Use Duolingo for Pronunciation Practice
	1
	13.3
	4

	
	2
	13.3
	4

	
	3
	50
	15

	
	4
	20
	6

	
	5
	3.3
	1

	Expected Helpful Features (can choose more than 1 answer)
	Listening to Native Speakers
	90
	27

	
	Repeating Phrases
	60
	18

	
	Immediate Feedback on Pronunciation
	20
	6

	
	Gamified Exercises
	16.7
	5



Table A2: Post-questionnaire Results (open-ended comments are reproduced verbatim, including the spelling “Duo Lingo” [sic])
	Participants’ Engagement with Duolingo

	Item
	Response Category
	Percentage (%)
	Actual number

	How frequently did you use Duolingo for pronunciation practice during the intervention period?
	Rarely (1-2 times a week)
	23.3
	7

	
	Occasionally (3-4 times a week)
	40
	12

	
	Regularly (5-6 times a week)
	20
	6

	
	Daily
	16.7
	5

	On average, how much time did you spend on Duolingo each day?
	Less than 5 minutes
	20
	6

	
	5–10 minutes
	50
	15

	
	10–15 minutes
	30
	9

	
	More than 15 minutes
	0
	0

	How engaging did you find Duolingo’s pronunciation exercises? (1 = Not engaging at all, 5 = Very engaging)
	1
	3.3
	1

	
	2
	23.3
	7

	
	3
	50
	15

	
	4
	20
	6

	
	5
	3.3
	1

	Learners’ Perceived Effectiveness

	Item
	Response Category
	Percentage (%)
	Actual number

	How helpful was Duolingo’s immediate feedback on your pronunciation? (1 = Not helpful at all, 5 = Very helpful)
	1
	0
	0

	
	2
	20
	6

	
	3
	50
	15

	
	4
	26.7
	8

	
	5
	3.3
	1

	To what extent do you think Duolingo has improved your pronunciation in Vowel sounds ? (1 = No improvement, 5 = Significant improvement)
	1
	0
	0

	
	2
	16.7
	5

	
	3
	53.3
	16

	
	4
	23.3
	7

	
	5
	6.7
	2

	To what extent do you think Duolingo has improved your pronunciation in Consonant sounds ? (1 = No improvement, 5 = Significant improvement)
	1
	6.7
	2

	
	2
	20
	6

	
	3
	46.7
	14

	
	4
	20
	6

	
	5
	6.7
	2

	To what extent do you think Duolingo has improved your pronunciation in Intonation? (1 = No improvement, 5 = Significant improvement)
	1
	10
	3

	
	2
	23.3
	7

	
	3
	43.3
	13

	
	4
	20
	6

	
	5
	3.3
	1

	To what extent do you think Duolingo has improved your pronunciation in Stress and rhythm? (1 = No improvement, 5 = Significant improvement)
	1
	10
	3

	
	2
	20
	6

	
	3
	50
	15

	
	4
	13.3
	4

	
	5
	6.7
	2

	To what extent do you think Duolingo has improved your pronunciation in Fluency? (1 = No improvement, 5 = Significant improvement)
	1
	16.7
	5

	
	2
	13.3
	4

	
	3
	46.7
	14

	
	4
	20
	6

	
	5
	3.3
	1

	Do you feel more confident in your English pronunciation after using Duolingo?
	Yes
	70
	21

	
	No
	30
	9

	Challenges and User Experience

	What was the most challenging aspect of using Duolingo for pronunciation practice? 
	- low tech
- I think I sometimes speak incorrectly but it still accepts.
- các từ và câu quá đơn giản nên không thể ứng dụng nhiều trong cuộc sống, khiến em thấy việc học không thật sự thú vị. giọng nói AI cũng nghe rất khô cứng, thiếu tự nhiên, người bản xứ không nói intonation như vậy nên em thấy học intonation ở Duo Lingo không hiệu quả.(English translation: The words and sentences used are too simple to be applied in real life, which makes me feel the learning process is not interesting. The AI voice sounds boring, unnatural and it doesn’t sound like native speakers, so I don’t think Duo Lingo is useful for intonation)
- i have no idea
- It’s easy
- It costs a lot of money to get Duo Lingo premium
- The distraction of other apps such as tiktok, youtube, etc (though the students did not write explicitly in the questionnaire, they did admit that sometimes, they got distracted by these apps for up to 3 hours each time they practice with Duolingo)
- I sometimes don’t need to speak correctly
- Sometimes it’s pronunciation is quite difficult to hear clearly
- i’ve to pay for the superDuo Lingo but the experience of me using that is not really make me better
- Your pronunciation isn’t very clear, but it’s okay to pass the question
- i’ve to pay for superDuo Lingo but the experience when i use it not really make better
- The problem is that i sometimes dont need to pronounce correctly the words but i still pass
- sometimes I don’t pronounce correctly but Duo Lingo still lets me pass
- Check
- The Al sometimes cannot recognize my pronunciation correctly
- repeating hard words
- No Internet
- Wifi connect
- Pronounce vowel sounds
- The hardest aspect is that there is no super Duo Lingo
- My pronunciation in fluency
	

	How would you rate your overall satisfaction with Duolingo as a pronunciation tool? (1 = Very dissatisfied, 5 = Very satisfied)
	1
	3.3
	1

	
	2
	20
	6

	
	3
	50
	15

	
	4
	23.3
	7

	
	5
	3.3
	1

	What features of Duolingo would you suggest improving to make it more effective for pronunciation practice? 
	- more strict and difficult
- I do not have any ideas.
- pronunciation more accurately
- Turn off ads :))
- Add mouth shape
- I expect Duo Lingo more difficult
- The content of its lessons
- Better listening
- Shadowing exercises
- Real time feedback
- Its AI
- repeating words
- I have no idea=))
- no ads
- làm cho nó dễ sử dụng hơn (English translation: make it easier to use/more user-friendly)
- No
- Dont need heart to practice, i know we can buy premium but i dont want to, i dont have money
	

	Would you recommend Duolingo to others for pronunciation practice?
	Yes
	80
	24

	
	No
	20
	6



Table A3: Test Results
	Name
	Pre-test result
	Post-test result
	Mean score

	
	Result
	1st rater
	2nd rater
	Result
	1st rater
	2nd rater
	

	S1
	4
	4
	4
	5
	5
	5
	4.5

	S2
	4.5
	4
	5
	5
	5
	5
	4.75

	S3
	3
	3
	3
	4
	3.5
	4.5
	3.5

	S4
	4
	4.5
	3.5
	4
	4
	4
	4

	S5
	3
	3
	3
	5
	5
	5
	4

	S6
	4.5
	4
	5
	5
	5
	5
	4.75

	S7
	3.5
	3
	4
	3.5
	4
	3
	3.5

	S8
	3
	3
	3
	3.5
	3.5
	3.5
	3.25

	S9
	3
	3.5
	2.5
	4.5
	4.5
	4.5
	3.75

	S10
	3.5
	3.5
	3.5
	4.5
	4
	5
	4

	S11
	3.5
	4
	3
	5
	5
	5
	4.25

	S12
	4
	4.5
	3.5
	5
	5
	5
	4.5

	S13
	3.5
	3.5
	3.5
	3
	3
	3
	3.25

	S14
	4
	3.5
	4.5
	4.5
	4.5
	4.5
	4.25

	S15
	4
	4
	4
	4
	4
	4
	4

	S16
	3
	3
	3
	4
	4
	4
	3.5

	S17
	3.5
	3
	4
	4.5
	4
	5
	4

	S18
	2.5
	2.5
	2.5
	3
	3
	3
	2.75

	S19
	4
	4.5
	3.5
	4.5
	5
	4
	4.25

	S20
	3
	3
	3
	4
	3.5
	4.5
	3.5

	S21
	4.5
	5
	4
	5
	5
	5
	4.75

	S22
	3.5
	3
	4
	4
	3.5
	4.5
	3.75

	S23
	3
	3
	3
	3.5
	3.5
	3.5
	3.25

	S24
	5
	5
	5
	4.5
	4.5
	4.5
	4.75

	S25
	2.5
	2
	3
	4
	4
	4
	3.25

	S26
	3.5
	3.5
	3.5
	5
	5
	5
	4.25

	S27
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	S28
	3.5
	3.5
	3.5
	5
	5
	5
	4.25

	S29
	3.5
	4
	3
	5
	5
	5
	4.25

	S30
	4.5
	4
	5
	4.5
	4.5
	4.5
	4.5

	 Mean 
	 3.63
	
	
	 4.35
	
	
	




Table A4: Test Result Details
	Name
	Pre-test result
	Post-test result
	Mean score

	
	Result
	Part 1
	Part 2
	Part 3
	Result
	Part 1
	Part 2
	Part 3
	

	S1
	4
	1.2
	1.3
	1.5
	5
	1.5
	1.5
	2
	4.5

	S2
	4.5
	1.4
	1.4
	1.7
	5
	1.5
	1.5
	2
	4.75

	S3
	3
	1.0
	0.9
	1.1
	4
	1.2
	1.1
	1.7
	3.5

	S4
	4
	1.3
	1.2
	1.5
	4
	1.2
	1.4
	1.4
	4

	S5
	3
	0.9
	0.9
	1.2
	5
	1.5
	1.5
	2
	4

	S6
	4.5
	1.3
	1.4
	1.8
	5
	1.5
	1.5
	2
	4.75

	S7
	3.5
	1.2
	1.1
	1.2
	3.5
	1.2
	1.2
	1.1
	3.5

	S8
	3
	1.0
	0.9
	1.1
	3.5
	1.1
	1.1
	1.3
	3.25

	S9
	3
	0.8
	1.2
	1.0
	4.5
	1.3
	1.3
	1.9
	3.75

	S10
	3.5
	1.0
	1.1
	1.4
	4.5
	1.3
	1.2
	2.0
	4

	S11
	3.5
	1.1
	1.1
	1.3
	5
	1.5
	1.5
	2
	4.25

	S12
	4
	1.3
	1.2
	1.5
	5
	1.5
	1.5
	2
	4.5

	S13
	3.5
	1.0
	1.2
	1.3
	3
	0.9
	1.1
	1.0
	3.25

	S14
	4
	1.3
	1.3
	1.4
	4.5
	1.4
	1.5
	1.6
	4.25

	S15
	4
	1.2
	1.4
	1.4
	4
	1.1
	1.4
	1.5
	4

	S16
	3
	0.9
	0.9
	1.2
	4
	1.3
	1.4
	1.3
	3.5

	S17
	3.5
	1.2
	1.1
	1.2
	4.5
	1.4
	1.4
	1.7
	4

	S18
	2.5
	0.7
	0.8
	1.0
	3
	0.9
	0.9
	1.2
	2.75

	S19
	4
	1.2
	1.3
	1.5
	4.5
	1.3
	1.4
	1.8
	4.25

	S20
	3
	1.0
	1.0
	1.0
	4
	1.2
	1.2
	1.6
	3.5

	S21
	4.5
	1.5
	1.3
	1.7
	5
	1.5
	1.5
	2
	4.75

	S22
	3.5
	1.0
	0.9
	1.6
	4
	1.2
	1.1
	1.7
	3.75

	S23
	3
	0.8
	0.8
	1.4
	3.5
	1.0
	1.0
	1.5
	3.25

	S24
	5
	1.5
	1.5
	2
	4.5
	1.4
	1.4
	1.7
	4.75

	S25
	2.5
	0.7
	0.8
	1.0
	4
	1.2
	1.3
	1.5
	3.25

	S26
	3.5
	0.8
	0.9
	1.8
	5
	1.5
	1.5
	2
	4.25

	S27
	4.5
	1.3
	1.4
	1.8
	4.5
	1.4
	1.4
	1.7
	4.5

	S28
	3.5
	1.0
	1.1
	1.4
	5
	1.5
	1.5
	2
	4.25

	S29
	3.5
	1.1
	1.2
	1.2
	5
	1.5
	1.5
	2
	4.25

	S30
	4.5
	1.4
	1.3
	1.8
	4.5
	1.3
	1.4
	1.8
	4.5

	 Mean 
	 3.63
	
	
	
	 4.35
	
	
	
	



Table A5: Each student’s usage frequency
	Student
	Usage frequency

	
	Rarely
	<5 min
	Occasionally
	5-10 min
	Regularly
	10-15 min
	Daily
	> 15 min

	S1
	
	
	
	x
	x
	
	
	

	S2
	
	
	x
	x
	
	
	
	

	S3
	
	
	
	
	
	x
	x
	

	S4
	
	
	x
	x
	
	
	
	

	S5
	
	
	
	
	
	x
	x
	

	S6
	
	
	x
	x
	
	
	
	

	S7
	x
	
	
	x
	
	
	
	

	S8
	x
	x
	
	
	
	
	
	

	S9
	
	
	
	
	
	x
	x
	

	S10
	
	
	
	x
	x
	
	
	

	S11
	
	
	
	x
	x
	
	
	

	S12
	
	
	x
	
	
	x
	
	

	S13
	x
	x
	
	
	
	
	
	

	S14
	
	
	x
	
	
	x
	
	

	S15
	
	
	x
	x
	
	
	
	

	S16
	
	
	
	
	
	x
	x
	

	S17
	
	
	x
	x
	
	
	
	

	S18
	
	x
	
	
	x
	
	
	

	S19
	
	
	x
	x
	
	
	
	

	S20
	
	
	x
	x
	
	
	
	

	S21
	x
	
	
	x
	
	
	
	

	S22
	
	
	x
	
	
	x
	
	

	S23
	x
	
	
	x
	
	
	
	

	S24
	x
	x
	
	
	
	
	
	

	S25
	
	
	
	
	
	x
	x
	

	S26
	
	
	
	x
	x
	
	
	

	S27
	
	
	x
	
	
	x
	
	

	S28
	
	x
	
	
	x
	
	
	

	S29
	
	
	x
	x
	
	
	
	

	S30
	x
	x
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