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Introduction: Although generative artificial intelligence (AI) is ubiquitous, there 
is little research on how it supports self-efficacy (learners’ belief that they can 
perform at a particular level on a specific task). The purpose of these studies 
was to investigate self-efficacy development in a generative AI-based language 
learning experience.

Methods: In two studies, learners (N = 385) of French/Spanish used AI-based 
features offering conversation practice and on-demand explanations in a 
mobile app (Duolingo) for 1 month. Before and after using the features, learners 
reported their self-efficacy and other perceptions.

Results: In Study 1, learners who had already used the features felt significantly 
more prepared to use French/Spanish in real-life situations after 1 month, as did 
learners in Study 2 who used the features for the first time. Learners in Study 2 
also felt significantly more prepared to share their opinions and navigate a city, 
and reported significantly higher self-efficacy for speaking and understanding 
grammar and mistakes. Across studies, the majority of learners agreed that 
the AI-based features effectively supported learning, and reported using their 
learning outside the app.

Discussion: These results provide the first evidence of enhanced language 
learning self-efficacy after use of generative AI, building on findings from 
classroom interventions.
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1 Introduction

Learning a language is challenging, and supporting learners’ motivation during the language 
learning process is critical (Albalawi and Al-Hoorie, 2021). Motivation for learning results from 
how much learners value learning, as well as their expectancy that learning will lead to specific 
outcomes (Vu et al., 2022). One type of expectancy is self-efficacy, learners’ belief in the ability to 
perform at a particular level on a specific task (Bandura, 1994). Self-efficacy plays an important 
role in theories of learning, and studies across a variety of educational domains, including language 
learning, reveal significant correlations between self-efficacy, performance, and behaviors that 
support learning (Zimmerman, 2000; Goetze and Driver, 2022).

Classroom interventions have successfully increased students’ language learning self-
efficacy with communication-focused tasks, constructive feedback that highlights learners’ 
success, and explicit teaching of language learning strategies (Raoofi et al., 2012; Graham, 
2022). Although generative AI models such as ChatGPT are well-positioned to provide 
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real-time communication practice that could increase self-efficacy, 
there is little research on this topic (Han, 2024; Law, 2024). This study 
aims to help fill this gap in the research literature.

2 Self-efficacy in language learning

Self-efficacy plays an important role in learning theory 
(Zimmerman, 2000; Wigfield and Eccles, 2000). Individuals form self-
efficacy beliefs based on their past performance, and these self-efficacy 
beliefs exert a strong influence on behaviors such as learning goals and 
strategies, which impact subsequent performance (Talsma et  al., 
2018). Performance is thought to influence self-efficacy, and self-
efficacy is thought to influence performance (Vu et al., 2022), in a 
mutually reinforcing cycle (see Figure 1).

Consistent with these theories, empirical evidence from a variety of 
countries in Africa, Asia, Europe, the Middle East, and North America 
suggests that self-efficacy plays an important role in second language 
learning. Self-efficacy correlates with actual task performance in a variety 
of domains (Honicke and Broadbent, 2016), including second language 
learning (Yang and Lian, 2023; Young Kyo, 2022), with a larger effect size 
than for other motivational variables (Schneider and Preckel, 2017; 
Goetze and Driver, 2022). Longitudinal data show that when learners’ 
self-efficacy increases, performance tends to increase as well (Bernacki 
et al., 2015; Vu et al., 2022). Self-efficacy is also correlated with goal-
directed behaviors that promote learning (Zimmerman, 2000). For 
example, high self-efficacy learners tend to use more language learning 
strategies (Raoofi et al., 2012; Wang and Sun, 2020).

What cultivates language learning self-efficacy? Although most 
research on this topic is correlational, a number of classroom 
interventions in Asia, Europe, the Middle East, and North America 
have increased students’ self-efficacy. These interventions feature 
communication-focused tasks such as writing and speaking activities 
(Abdelhalim, 2024; Leeming, 2017; Mills, 2009; Goetze and Driver, 
2022), constructive feedback that highlights students’ success (Xu 
et al., 2022; Li et al., 2023), and explicit teaching of learning strategies 
(Chen, 2022; Milliner and Dimoski, 2024). Taken together, these 
studies suggest that new interventions with these same elements could 
support the development of language learning self-efficacy.

3 Generative AI to support 
self-efficacy

Given the prominence of communication-focused tasks in 
interventions that support self-efficacy, it is possible that real-time 
conversation practice provided by generative AI could enhance self-
efficacy as well. Research conducted prior to the release of Open AI’s 
GPT in Asia, Europe, the Middle East and North America found that 
chatbots simulating human interaction can enhance motivational 
constructs related to self-efficacy, such as speaking confidence and 
willingness to communicate in the language (Du and Daniel, 2024; 
Xiao et al., 2023). However, experimental evidence on ChatGPT and 
other recent generative AI is still limited (Han, 2024; Law, 2024).

One practically relevant context for investigating the impact of 
learning experiences supported by generative AI is widely used 
language learning apps (Tommerdahl et  al., 2024), which have 
recently incorporated this new technology (Godwin-Jones, 2024). 
Although rigorous research on language learning apps is limited, 
several apps have demonstrated efficacy relative to a control group 
(Tommerdahl et  al., 2024). In particular, three apps have been 
investigated in multiple experimental studies: Rosetta Stone, 
Memrise, and Duolingo.

When the application Rosetta Stone is combined with classroom 
instruction, studies in China (Bai, 2024; Fan, 2023) and the US 
(Harper et al., 2021) find that this leads to better learning outcomes 
than classroom instruction alone. Memrise, a vocabulary learning app, 
leads to comparable or better learning outcomes than classroom 
instruction in China (Wang et al., 2023), Iran (Shamshiri et al., 2023), 
and Vietnam (Nguyen et al., 2023). Duolingo, a language learning app 
studied in over 300 articles (Shortt et al., 2023), produces learning 
outcomes that are comparable to or better than classroom instruction 
in China (Qiao and Zhao, 2023), Colombia (García Botero et  al., 
2021), Russia (Pichugin et  al., 2023), and the US (Rachels and 
Rockinson-Szapkiw, 2018). Duolingo also yields learning outcomes 
that are comparable to or better than other language learning apps, in 
Russia (Pichugin et al., 2023) and the US (Kessler et al., 2023), and is 
effective when used by learners outside of formal education settings 
in various countries (Jiang et al., 2021; Jiang et al., 2024b). Duolingo 
is highly relevant to many learners, as the most downloaded digital 

FIGURE 1

Theoretical relationship between motivation (including self-efficacy), behavior, and performance.
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language learning product in the world (Statista, 2024). Moreover, 
motivating learners is a key component of Duolingo’s research-based 
teaching method. Many different elements, such as short lessons, 
celebrations of learner success, rewards for accuracy and continued 
app use, and social features work in concert to increase learners’ 
expectancy of positive learning outcomes (Freeman et al., 2023).

The present research focuses on Duolingo, with the following 
rationale: (1) A greater number of studies have demonstrated 
Duolingo’s learning efficacy, compared to other apps. (2) These studies 
suggest that Duolingo learning outcomes are comparable to learning 
outcomes in other apps and classrooms, (3) in settings both within and 
outside of formal schooling. (4) The app’s widespread use increases the 
relevance of any research conducted on it, and (5) Duolingo’s teaching 
method grounded in research on learning and motivation is well suited 
to supporting the development of self-efficacy.

Several Duolingo features that use Open AI’s GPT-4 (OpenAI, 
2023b) were released as part of a higher subscription tier1 (Duolingo 
Team, 2023). In the “Roleplay” feature (Figure 2), learners practice 
written or spoken real-world conversation with characters whose 

1 This higher tier included features that are non-essential for learning 

(unlimited hearts, no ads, personalized review), as well as GPT-4 features that 

were too expensive at the time to be included in the free version of Duolingo. 

The subscription was called “Duolingo Max” at the time of the study.

live responses are generated by GPT-4, in scenarios like taking a 
taxi to the airport. Learners are offered translation hints, helpful 
phrase suggestions, feedback on accuracy, and tips for future 
conversations, all of which are generated live by GPT-4. In 
Duolingo’s “Explain My Answer” feature (Figure 3), learners can 
optionally tap on a button after certain exercises to enter a chat, 
where GPT-4 is used to generate an explicit explanation of why the 
learners’ answer was right or wrong, along with examples or 
further clarification.

Duolingo’s AI-enabled learning experiences contain the same core 
elements that have been shown to enhance self-efficacy in the 
classroom: communication-focused tasks, constructive feedback that 
highlights learners’ success, and explicit teaching of language learning 
strategies. These similarities, in addition to the focus on motivation in 
Duolingo’s teaching method (Freeman et al., 2023), suggest that the 
experiences provided by the AI-based features may enhance learners’ 
self-efficacy. However, there is no experimental evidence to date that 
demonstrates an increase in self-efficacy after using Duolingo, or any 
other language learning app that incorporates generative AI.

4 Research questions and overview of 
the studies

The goal of the current research is to explore the development of 
language learning self-efficacy in learning experiences supported by 

FIGURE 2

Example screens of the Duolingo roleplay feature (Version from August 2023). Translations of the French text are “Excuse me. Do you speak French?” 
(middle screen), “Yes, I speak French” and “Oh great. I am lost and I cannot find my phone! Where is the sports museum?” (right screen).
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generative AI. A total of 385 learners in the Duolingo French and 
Spanish courses used AI-based features for 1 month. These learners 
took a survey before and after using the features, to answer the 
following exploratory Research Questions:

RQ1. Are there significant increases in learners’ self-efficacy for 
language skills after 1 month of using AI-based features?

RQ2. What percentage of learners believe that AI-based features 
effectively support language learning?

RQ3. Do learners use what they learned from AI-based features 
outside the app, and if so, how?

The present research also investigated AI-based feature novelty. 
Economic and computational models of human decision-making 
hypothesize that novelty has a high value, because gathering new 
information could benefit future decisions (Wittmann et al., 2008). 
Consistent with these theories, research in psychology 
demonstrates that novelty leads to enhanced attention (Kagan, 
2009) as well as better learning and memory (Barto et al., 2013), 

and research in marketing suggests that customers’ perceived value 
of novel products is higher (Blut et al., 2023; Sánchez-Fernández 
and Iniesta-Bonillo, 2007; Leroi-Werelds, 2019). Novelty effects are 
prevalent in perceptions of technology: Technologies with higher 
perceived novelty are associated with more positive attitudes and 
higher intentions of use (Wells et al., 2010). In interactions with 
pre-GPT chatbots, learners report higher interest in language 
learning when the chatbot was novel (Fryer et al., 2017; Fryer et al., 
2019). Research in business and medicine also suggests that 
reduced cost of products and medicines can lead to more positive 
perceptions (Blut et al., 2023; Lee et al., 2020; Wang et al., 2013). 
On the other hand, research in economics demonstrates that 
people value things that they own more (the “endowment effect”; 
Marzilli Ericson and Fuster, 2014), suggesting that cost associated 
with ownership could also lead to positive perceptions.

To determine whether AI-based feature novelty and cost could 
impact learners’ self-efficacy, Study 1 was conducted with pre-existing 
subscribers who had already been using the AI-based features, while 
Study 2 was conducted with learners who had been using the free 
version of Duolingo and were granted complimentary access to 
the features.

FIGURE 3

Example screens of the Duolingo explain my answer feature (Version from August 2023).
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5 Study 1

5.1 Methodology

5.1.1 Participants
The participants were 280 pre-existing subscribers who met the 

following inclusion criteria:

 1 They consented to be  contacted by Duolingo for 
research purposes.

 2 They were enrolled in the French or Spanish course for English 
speakers (the subscription was only offered in those courses at 
the time of the study).

 3 They completed no more than the first or second section of the 
“basic” (Common European Framework of Reference A1 level; 
Council of Europe, 2001) course content, in line with the 
majority of subscribers at the time of the study.

 4 Their average daily app use was between 15 minutes (the time 
to complete several Duolingo lessons) and 27 minutes (the 
75th percentile of subscribers’ daily app usage).

 5 They were using Duolingo on iOS (the subscription was only 
available on this platform at the time of the study).

 6 They were located in one of six English-speaking countries (the 
subscription was only available in those countries at the time 
of the study).

 7 They self-reported their age as 18 or older.

5.1.2 Research tools

5.1.2.1 Background questionnaire
The background questionnaire asked participants’ age, as well as 

their reasons for learning the language, knowledge of the language 
prior to using Duolingo, and use of other programs/apps besides 
Duolingo to learn the language. The full questionnaire and 
questionnaire response data can be  found in Appendices A, B, 
respectively.

5.1.2.2 Pre-survey: self-efficacy
The pre-survey (for full text, see Appendix A) collected data on 

participants’ self-efficacy in the language they were learning. Rather 
than drawing on another published scale, 17 different items were 
developed to assess self-efficacy on a wide range of different language 
skills and language use scenarios that could be relevant to learning on 
Duolingo. In line with previous research on self-efficacy, these were 
statements of confidence in one’s own ability to achieve a performance 
goal (Talsma et al., 2018). Each statement was rated on a 6-point 
bipolar Likert-type scale.

While data were collected on all 17 items, subsequent user 
experience research found that the following seven statements were 
most relevant to Duolingo learners’ use of the Roleplay and Explain 
My Answer features. To increase statistical power, only responses to 
these items were analyzed to answer RQ1:

 • I feel prepared to use French/Spanish in real-life situations.
 • I feel prepared to use French/Spanish to ask for directions and 

navigate a new city.
 • I feel prepared to use French/Spanish to share my opinions 

with others.

 • I’m confident in my ability to understand French/
Spanish grammar.

 • I’m confident in my ability to understand the mistakes I make in 
French/Spanish.

 • I’m confident in my ability to understand spoken French/Spanish.
 • I’m confident in my ability to speak in French/Spanish.

5.1.2.3 Post-survey: self-efficacy and perceptions of the 
AI-based features

The post-survey (for full text, see Appendix A) included the same 
17 self-efficacy statements as on the pre-survey, as well as 18 additional 
items developed to assess participants’ perceptions of the 
AI-based features.

Sixteen of the 18 items referred to a wide range of different 
language skills and language use scenarios relevant to learning on 
Duolingo. While data were collected on all these items, the analysis to 
answer RQ2 focused on the following eight statements for the same 
reasons as mentioned above (maximizing relevance and 
statistical power):

 • Duolingo Max prepares me for real-world situations.
 • Duolingo Max helps me learn from my mistakes.
 • Duolingo Max helps me understand conversations.
 • Duolingo Max helps me understand grammar.
 • Duolingo Max helps me learn to speak.
 • “Roleplay” prepares me to use French/Spanish in real-

world situations.
 • “Explain My Answer” helps me better understand grammar.
 • “Explain My Answer” helps me learn from my mistakes.

Duolingo Max was the name of the subscription at the time of 
the study.

One of the 18 items asked about learners’ experiences using their 
learning outside the app, and another elicited general feedback on the 
study experience. We only analyzed answers to the former, which was 
relevant to RQ3:

 • Have you used what you learned with Duolingo Max outside of 
the app? (Yes/No).

 • [Only displayed if ‘Yes’ was selected] Please describe the situation 
(optional).

5.1.3 Data collection procedure
Data were collected between August 30, 2023 and November 

17, 2023 on a rolling basis. Figure 4 shows the steps of the study 
and the number of participants involved, described in more 
detail below.

Based on a power analysis with a small estimated effect size (0.2), 
the aim was for 150 participants to complete the full, month-long 
study. To reach our target sample size, emails soliciting participation 
were sent in multiple recruitment waves to 1,421 subscribers who met 
inclusion criteria 1–6 (see Participants section). As the subscriber 
population was skewed towards Spanish learners at the time of the 
study, 1,030 of invited subscribers were in the Spanish course for 
English speakers, and 391 were in the French course for 
English speakers.

Participants were asked to complete the background questionnaire. 
Those who were 18 years or older were invited to take the pre-survey, and 
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then use Duolingo for 30 days. During the 30 days they were asked to use 
Duolingo for at least 15 minutes per day, including AI-based features 
such as Roleplay and Explain My Answer, and to complete at least 15 
Roleplays by the end of the 30 days. Participants received weekly 
reminder emails summarizing their app usage, and were excluded when 
there was no chance of them meeting minimal usage requirements 
(using the app for at least 20 days by the end of the study, average app 
usage excluding Roleplays above 12 minutes per day, more than 8 
Roleplays in total).

After the 30 days, participants were invited to take the post-
survey if they had been active for at least 25 days, completed at least 
15 Roleplays, and had at least 12 minutes of app usage per day on 
average. If they had less usage (active for 20–24 days, completed 
8–14 Roleplays, at least 12 minutes usage per day), they were given 
an additional 5 days to use the app and then invited to the post-
survey. Participants who had even less app usage (active for 
20–24 days, completed 8–14 Roleplays, less than 12 min usage per 

day) were partially compensated $15 and not invited to take the 
post-survey.

After completing the post-survey, participants received $40 as 
promised in the initial invitation email, as well as a surprise 
complimentary 31-day subscription extension.

Treatment attrition (participants not meeting app usage 
requirements) was 40%. The background questionnaire responses of 
excluded participants and those who completed the study were similar 
(see Tables B1, B2), and these groups did not differ significantly in 
pre-survey self-efficacy responses (p > 0.05 in Mann–Whitney U tests; 
see Tables C1, C2).

5.1.4 Data analysis
To answer RQ1, participants’ responses to the self-efficacy items 

were analyzed to see if there was a change from the pre-survey to the 
post-survey. Likert scale ratings were converted to a binary “disagree” 
or “agree” rating (“strongly disagree,” “disagree,” or “slightly 

FIGURE 4

Study 1 Steps with numbers of participants at each step.
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disagree” = 0, “slightly agree,” “agree,” or “strongly agree” = 1). 
Although we acknowledge shortcomings of binarizing Likert scale 
data (e.g., data loss and possible error rate inflation, Royston et al., 
2006), there is precedent for this approach when the response can 
be considered binary (Harpe, 2015). A logistic regression analysis was 
conducted to determine if participants were more likely to agree with 
a self-efficacy statement on the post-survey than the pre-survey, given 
their pre-survey responses and app usage:

Post-survey response ~ Intercept + Pre-survey response + number 
of Roleplays completed + number of Explain My Answers shown.

We mean-centered app usage predictors, and checked that 
multicollinearity, sample size requirements, and linearity of the logit 
assumptions held. Since we conducted a separate logistic regression 
for each of the 7 self-efficacy statements, we corrected for multiple 
comparisons (Benjamini and Hochberg, 1995).

To answer RQ2, participants’ responses to the feature perception 
items were analyzed. As in the RQ1 analysis, the Likert scale ratings 
were converted to a binary “disagree” or “agree” rating, and the 
percentages of participants who agreed with each statement were 
calculated. A one-sided binomial test was used to check if each 
percentage was significantly greater than 80%.

To answer RQ3, the percentage of “yes” responses to the question 
about using learning outside the app was calculated, and themes were 
identified in learners’ descriptions of using learning outside the app. 
Following recent use of large language models for thematic analysis 
(Morgan, 2023; Moorhouse and Kohnke, 2024), Glean’s “AI 
Summarization” feature (Glean, 2024), which used GPT-4 (OpenAI, 
2023b), GPT-3.5-Turbo (OpenAI, 2023a), and text-
embedding-ada-002 (OpenAI, 2022), was given the following two 
prompts to identify themes appearing in 10% of participants’ 
responses: (1) “I need to know the most common situations in which 
Duolingo learners used what they learned outside the app. Here is a 
document with learner descriptions of these situations; each bullet 

point represents one learner’s description. Can you write a summary 
of the main themes in these learner descriptions, making sure that 
each theme appears in the descriptions of at least 10 learners?” (2) 
“Thank you! Can you  please provide evidence for each theme 
summarized above, by citing 3 learners’ descriptions that contain 
the theme?”

Glean produced a set of themes with examples (see Tables C6, E6). 
To reduce inaccuracy and insufficient nuance (Morgan, 2023), a 
research assistant checked that all Glean-generated themes could 
be matched with at least 10 learner descriptions, and that Glean-
generated text did not contain any hallucinations. Any inaccuracies 
were removed.

5.2 Results

5.2.1 Learners’ self-efficacy increased 
significantly

To answer RQ1, we first calculated descriptive statistics of self-
efficacy ratings. Of the 15–45% of learners who disagreed with the 
statements on the pre-survey, 39–69% changed their rating to “agree” 
on the post-survey (see Figure 5). Of the 55–85% of learners who 
agreed with the statements on the pre-survey, 88–97% still agreed on 
the post-survey (see Figure 6). Taken together, these results suggest 
that many participants maintained or adopted positive self-efficacy 
beliefs (see Table C3). Indeed, regression analyses (see Table  1) 
showed that participants who disagreed with the statement “I feel 
prepared to use French/Spanish in real-life situations” on the 
pre-survey were significantly more likely to agree with it on the post-
survey (Intercept Coefficient = 0.79, z = 2.56, p < 0.05). Participants 
who initially agreed with this statement were still likely to agree with 
it on the post-survey (Pre-survey Coefficient = 1.44, z = 3.18, 
p < 0.01).

However, participants were not significantly more likely to agree 
with the other six self-efficacy statements on the post-survey (see 

FIGURE 5

Post-survey agreement for participants who disagreed on the pre-survey in Study 1.
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Table  1). Although participants who initially agreed with these 
statements were still likely to agree with them on the post-survey 
(Pre-survey Coefficients all p < 0.01 or p < 0.001 in these regression 
models; see Table 1), participants who initially disagreed with them 
did not demonstrate significant increases in their self-efficacy on the 
post-survey (p > 0.05 for Intercept Coefficients in these regression 
models; see Table 1).

Participants’ average days active (M = 31.24, SD = 2.11, 
range = 24–36) and daily average minutes of app usage (M = 30.92, 
SD = 15.28, range = 13–99) suggests that they did slightly more than 
required to stay in the study (see Table B3). However, Roleplay and 
Explain My Answer feature use did not significantly predict self-
efficacy ratings on the post-survey (relevant coefficients in all 
regressions were not significantly different from 0; see Table 1).

5.2.2 Learners believed AI-based features were 
effective

To answer RQ2, we calculated the percentage of participants who 
agreed with statements about AI-based feature efficacy. Agreement 
rates were significantly above 80% for all eight statements (see 
Table C5) and 7 of 8 statements had agreement rates numerically 
above 90% (see Figure 7), suggesting that participants thought the 
features helped them meet a variety of learning goals.

5.2.3 Learners used what they learned outside the 
app

To answer RQ3, we analyzed the percentage of learners who said 
they used what they learned outside the app, as well as themes across 
these situations. Of the 153 participants, 111 (73%) said they used 
what they learned with the AI-based features outside the app, and 95 
(86%) of the 111 provided descriptions of real-life situations in which 
they used the language. Table 2 lists the human-verified themes in 
these participants’ responses (see Table C6 for Glean-generated text). 
Participants described a large variety of real-world contexts, suggesting 
that many participants used their language skills outside the app and 

believed they were transferring their learning to real life contexts. 
Moreover, the fact that so many participants practiced their learning 
outside the app gave them the ability to truly test their language skills, 
strengthening the validity of their self-reported self-efficacy ratings 
and perceptions of the AI-based features.

6 Study 2

6.1 Methodology

6.1.1 Participants
The participants were 302 learners who met the same criteria as 

the learners in Study 1, except that they did not currently have paid 
access to the AI-based features as part of a subscription, and their 
location was not restricted to English-speaking countries.

6.1.2 Research tools
Study 2 used the same research tools as in Study 1.

6.1.3 Data collection procedure
1,111 Duolingo learners who met the eligibility criteria were 

invited to the study: 555 in the French course for English speakers, 
and 556 in the Spanish course for English speakers. The same data 
collection window and procedure applied as in Study 1, except that 
participants were granted complimentary access to the subscription 
after completing the pre-survey, so they could use it for the study. 
Figure 8 shows the study steps with numbers of participants.

There was less treatment attrition in Study 2 (19%), compared to 
40% in Study 1. Participants who completed the study tended to 
be older (19% 18–34 years, 81% 35+ years) than those excluded from 
the study (27% 18–34, 73% 35+), but other background questionnaire 
responses in these groups were similar (see Tables D1, D2), and their 
pre-survey self-efficacy statement responses did not differ significantly 
(p > 0.05 in Mann–Whitney U tests; see Tables E1, E2).

FIGURE 6

Post-survey agreement for participants who agreed on the pre-survey in Study 1.
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6.1.4 Data analysis
The same analyses were used as in Study 1, except that the first 

prompt to Glean was slightly different. In the portion of the prompt 
which specified that each theme should be present in 10% of learner 
responses (“…making sure that each theme appears in the descriptions 
of at least 10 learners”), “10 learners” was changed to “12 learners” to 
account for the larger sample size in Study 2.

6.2 Results

6.2.1 Learners’ self-efficacy increased 
significantly

To answer RQ1, we calculated descriptive statistics and conducted 
regression analyses on self-efficacy statement ratings. Of the 29–46% 

of learners who initially disagreed with the statements, 61–79% 
changed their rating to “agree” on the post-survey (see Figure 9), and 
of the 54–79% of learners who agreed with the statements on the 
pre-survey, 93–98% still agreed on the post-survey (see Figure 10), 
suggesting that most participants maintained or adopted positive self-
efficacy beliefs (see Table E3).

Regression analyses confirmed this interpretation. For participants 
who initially disagreed on the pre-survey, there was a significant 
increase in self-efficacy for 6 of 7 statements: “I feel prepared to use 
French/Spanish in real-life situations” (Intercept Coefficient = 1.04, 
z = 3.88, p < 0.001), “I feel prepared to use French/Spanish to ask for 
directions and navigate a new city” (Intercept Coefficient = 1.66, 
z = 4.27, p < 0.001), “I feel prepared to use French/Spanish to share my 
opinions with others” (Intercept Coefficient = 1.33, z = 5.01, 
p < 0.001), “I’m confident in my ability to speak in French/Spanish” 

TABLE 1 Full regression output for Study 1 (N = 153).

Statement Regression formula Term Coeff SE z p value

“I feel prepared to use 

French/Spanish in real-life 

situations”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 0.79 0.31 2.56 p < 0.05

Pre-survey 1.44 0.45 3.18 p < 0.01

RP −0.01 0.01 −0.48 0.70

EMA 0.004 0.01 0.68 0.63

“I feel prepared to use 

French/Spanish to ask for 

directions and navigate a 

new city”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA+ RP2

Intercept 0.39 0.29 1.35 0.28

Pre-survey 1.79 0.44 4.04 p < 0.001

RP 0.10 0.06 1.83 0.17

EMA −0.003 0.01 −0.54 0.70

RP2 −0.001 0.001 −1.92 0.17

“I feel prepared to use 

French/Spanish to share my 

opinions with others”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 0.49 0.28 1.74 0.20

Pre-survey 2.98 0.65 4.59 p < 0.001

RP 0.003 0.02 0.15 0.93

EMA 0.01 0.01 0.84 0.54

“I’m confident in my ability 

to understand spoken 

French/Spanish”

Post-survey ~ Intercept + 

Pre-survey + 

RP + EMA + EMA2

Intercept −0.28 0.27 −1.06 0.43

Pre-survey 2.31 0.44 5.29 p < 0.001

RP −0.01 0.01 −1.00 0.45

EMA −0.03 0.01 −1.88 0.17

EMA2 0.0002 0.00 1.60 0.22

“I’m confident in my ability 

to speak in French/Spanish”

Post-survey ~ Intercept + 

Pre-survey + 

RP + EMA + EMA2

Intercept 0.53 0.33 1.59 0.22

Pre-survey 1.65 0.43 3.86 p < 0.01

RP −0.002 0.01 −0.13 0.93

EMA −0.03 0.02 −1.34 0.28

EMA2 0.0003 0.00 1.39 0.28

“I’m confident in my ability 

to understand French/

Spanish grammar”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 0.46 0.30 1.54 0.22

Pre-survey 1.77 0.43 4.10 p < 0.001

RP 0.01 0.01 0.66 0.63

EMA 0.02 0.01 1.96 0.17

“I’m confident in my ability 

to understand the mistakes 

I make in French/Spanish”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept −0.24 0.47 −0.51 0.70

Pre-survey 3.95 0.70 5.67 p < 0.001

RP −0.001 0.02 −0.07 0.95

EMA 0.02 0.01 1.59 0.22

Coeff, Ceofficient; SE, Coefficient Standard Error; RP, mean-centered number of Roleplays completed; RP2, RP squared then mean-centered; EMA, mean-centered number of times the Explain 
My Answer feature was shown; EMA2, EMA squared then mean-centered. Values for Coefficients with p < 0.05 are bolded.
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(Intercept Coefficient = 0.94, z = 4.04, p < 0.001), “I’m confident in my 
ability to understand French/Spanish grammar” (Intercept 
Coefficient = 0.70, z = 2.99, p < 0.01), and “I’m confident in my ability 
to understand the mistakes I  make in French/Spanish” (Intercept 
Coefficient = 0.81, z = 2.53, p < 0.05). Participants who initially agreed 
with these same statements were still significantly more likely to agree 
with them on the post-survey: They felt prepared to use French/
Spanish in real-life situations (Pre-survey Coefficient = 1.95, z = 4.26, 

p < 0.001), to ask for directions and navigate a new city (Pre-survey 
Coefficient = 1.74, z = 3.58, p < 0.01), and to share opinions with 
others (Pre-survey Coefficient = 1.29, z = 3.05, p < 0.01). They also felt 
confident in their ability to speak in French/Spanish (Pre-survey 
Coefficient = 2.86, z = 4.58, p < 0.001), understand French/Spanish 
grammar (Pre-survey Coefficient = 2.19, z = 5.06, p < 0.001), and 
understand the mistakes they made in French/Spanish (Pre-survey 
Coefficient = 3.35, z = 5.03, p < 0.001).

However, participants who initially disagreed with the statement 
“I am confident in my ability to understand spoken French/Spanish” 
did not demonstrate a significant increase in their self-efficacy on the 
post-survey (p > 0.05 for the Intercept Coefficient; see Table  3), 
although participants who initially agreed with the statement were still 
likely to agree with it on the post-survey (Pre-survey Coefficient = 2.19, 
z = 5.48, p < 0.001). Taken together, these results suggest a significant 
increase in self-efficacy for a variety of language skills after using the 
AI-based features.

Like in Study 1, the participants who completed the study met or 
exceeded the study’s app usage requirements (average days active 
M = 30.58, SD = 1.98, range = 22–36; daily average minutes of app 
usage M = 32.86, SD = 15.84, range = 13–128; see Table D3 for full 
results). However, Roleplay and Explain My Answer feature use did 
not significantly predict self-efficacy ratings on the post-survey 
(coefficients in relevant regressions were not significantly different 
from 0; see Table 3).

6.2.2 Learners believed AI-based features were 
effective

To answer RQ2, we calculated the percent of participants who 
agreed with statements about AI-based feature efficacy. Significantly 
more than 80% of participants agreed with all eight statements (see 

FIGURE 7

Agreement rates for 8 statements on the post-survey in study 1 (N = 153). “Duolingo Max” was the name of the higher subscription tier at the time of 
the study.

TABLE 2 Summary of AI-generated, human verified themes in Study 1 
participants’ descriptions of using what they learned outside of Duolingo 
(N = 95).

Theme Examples

Travel Ordering food, asking for directions, making 

reservations, navigating through different cities.

Conversations with 

native speakers

With friends, family members, coworkers, or strangers.

In various settings such as restaurants, hotels, or on the 

street.

Workplace 

communication

With colleagues, patients, and clients who speak the 

language.

Social interactions With friends, family, or roommates who are native 

speakers or also learning the language.

Participating in language learning groups or classes.

Service and retail Ordering at restaurants, speaking with service staff, or 

helping customers find items in stores.

Remote 

correspondence

Writing to others, composing emails, texting, or 

making phone calls.

Education and tutoring Tutoring students, helping children with homework, or 

engaging with teachers.
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Table E5), and all statement agreement rates were numerically above 
90%, suggesting that a large majority of participants thought the 
AI-based features effectively supported learning (see Figure 11).

6.2.3 Learners used what they learned outside 
the app

To answer RQ3, we calculated the percentage of learners who said 
they used what they learned outside the app, as well as themes 
reported across the use situations. Of the 232 participants, 145 (63%) 
said they used what they learned with the AI-based features outside 
the app, and 121 (83%) of the 145 provided descriptions of the real-life 
situations. These percentages suggest that like in Study 1, participants 
perceived transfer of learning from the app to use of language skills in 
real-life.

Table 4 lists themes in participants’ responses (see Table E6 for 
Glean-generated text). The “Travel,” “Workplace communication,” 
“Educational support and settings,” “Daily errands and services,” 

“Family interaction,” and “Casual conversations” themes correspond 
to the Study 1 themes “Travel,” “Workplace communication,” 
“Education and tutoring,” “Service and retail,” “Social interactions,” 
and “Conversations with native speakers.” Other themes showed 
significant overlap across studies: social media and texting in the 
theme “Casual conversations” from Study 2 is similar to the “Remote 
correspondence” theme in Study 1, and the theme “Cultural 
engagement” in Study 2 was present for some learners in Study 1 who 
mentioned using media.

7 Discussion

The goal of the present studies was to assess changes in self-
efficacy of French and Spanish learners who engaged in learning 
experiences enabled by generative AI. Study 1 investigated whether 
there were significant increases in pre-existing, paying subscribers’ 

FIGURE 8

Study 2 steps with numbers of participants at each step.
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self-efficacy for language skills, after using Duolingo AI-based 
features for 1 month. Learners’ perceptions of the features’ efficacy 
and self-reported transfer of learning outside the app were also 
analyzed. Study 2 evaluated the same outcomes in learners who 
were given 1 month of complimentary access to the 
AI-based features.

7.1 Increases in learners’ self-efficacy

Participants who engaged in learning experiences enabled by the 
AI-based features showed significant increases in their self-efficacy, 

especially when the AI-based features were novel. In Study 1, self-
efficacy for using French/Spanish in real-life situations increased 
significantly. In Study 2, learners showed a significant increase in self-
efficacy for using French/Spanish in real-life situations, as well as for 
the specific situations of navigating a new city and sharing opinions 
with others. The learners in Study 2 also showed significant increases 
in self-efficacy for speaking in French/Spanish, understanding French/
Spanish grammar, and understanding mistakes in French/Spanish.

These results represent the first evidence that language learning 
self-efficacy increases significantly after app-based learning 
experiences that use generative AI, consistent with learners’ 
expectation that generative AI in language apps can help them with 

FIGURE 9

Post-survey agreement for participants who disagreed on the pre-survey in Study 2.

FIGURE 10

Post-survey agreement for participants who agreed on the pre-survey in Study 2.
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personalized conversation practice and error correction (Yuen and 
Schlote, 2024). The findings in this study are consistent with evidence 
that technology-assisted learning experiences prior to ChatGPT 
support language learning self-efficacy (Zhang, 2022), including 
studies in China (Liu, 2020), Iran (Babakhani and Tabatabaee-Yazdi, 
2023; Dong et  al., 2022), and the US (Zheng et  al., 2009). More 
broadly, these findings build on previous international research 
showing that language learning self-efficacy can be increased through 
interventions with communication-focused tasks, constructive 
feedback that highlights learner success, and explicit teaching (Raoofi 
et al., 2012; Chen, 2022; Goetze and Driver, 2022). Taken together 
with the present results, this literature suggests that other AI-enabled 
learning experiences that effectively leverage communication-focused 
tasks, constructive feedback, and explicit teaching should also be able 
to increase learners’ self-efficacy. More research with other AI-based 
tools is needed to test this hypothesis.

Since many app learners are studying a language for real-world 
communication (Kittredge and Peters, 2023), these AI-based features 
may boost self-efficacy for skills that are directly relevant to learners’ 
goals. The findings also answer calls for more research on specific 
language skill self-efficacy in non-English languages (Goetze and 
Driver, 2022). The increased self-efficacy for speaking in Study 2 is 
important, since speaking self-efficacy correlates strongly with 
performance (Goetze and Driver, 2022), and preventing 
disappointment in oral proficiency may protect against language 
learning demotivation (Albalawi and Al-Hoorie, 2021). Although 
these studies did not measure language learning outcomes, self-
efficacy is correlated with learning outcomes in a variety of language 
learning contexts (Goetze and Driver, 2022) including Duolingo 
(Jiang et al., 2024a), and there is evidence that language learning apps 
are effective at teaching language skills (Tommerdahl et al., 2024). 
Taken together, this evidence suggests that learners in the present 

TABLE 3 Full regression output for Study 2 (N = 232).

Statement Regression 
formula

Term Coeff SE z p value

“I feel prepared to use 

French/Spanish in real-life 

situations”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 1.04 0.27 3.88 p < 0.001

Pre-survey 1.95 0.46 4.26 p < 0.001

RP 0.02 0.02 1.23 0.27

EMA −0.01 0.01 −1.23 0.27

“I feel prepared to use 

French/Spanish to ask for 

directions and navigate a 

new city”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 1.66 0.39 4.27 p < 0.001

Pre-survey 1.74 0.49 3.58 p < 0.01

RP 0.08 0.04 2.21 0.06

EMA −0.01 0.01 −1.35 0.26

“I feel prepared to use 

French/Spanish to share my 

opinions with others”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 1.33 0.27 5.01 p < 0.001

Pre-survey 1.29 0.42 3.05 p < 0.01

RP 0.02 0.02 1.23 0.27

EMA −0.003 0.01 −0.66 0.53

“I’m confident in my ability 

to understand spoken 

French/Spanish”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 0.45 0.22 2.05 0.07

Pre-survey 2.19 0.40 5.48 p < 0.001

RP 0.03 0.02 2.10 0.07

EMA −0.01 0.01 −1.13 0.30

“I’m confident in my ability 

to speak in French/Spanish”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA + 

EMA2

Intercept 0.94 0.23 4.04 p < 0.001

Pre-survey 2.86 0.62 4.58 p < 0.001

RP 0.02 0.02 1.44 0.23

EMA −0.02 0.01 −1.67 0.15

EMA2 0.0001 0.00007 1.32 0.26

“I’m confident in my ability 

to understand French/

Spanish grammar”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 0.70 0.24 2.99 p < 0.01

Pre-survey 2.19 0.43 5.06 p < 0.001

RP 0.03 0.02 1.67 0.15

EMA 0.0006 0.01 0.12 0.91

“I’m confident in my ability 

to understand the mistakes 

I make in French/Spanish”

Post-survey ~ Intercept + 

Pre-survey + RP + EMA

Intercept 0.81 0.32 2.53 p < 0.05

Pre-survey 3.35 0.67 5.03 p < 0.001

RP −0.01 0.01 −0.82 0.44

EMA 0.01 0.01 0.83 0.44

Coeff, Ceofficient; SE, Coefficient Standard Error; RP, mean-centered number of Roleplays completed; EMA, mean-centered number of times the Explain My Answer feature was shown; 
EMA2, EMA squared then mean-centered. Values for Coefficients with p < 0.05 are bolded.
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studies may have improved their language skills, in addition to their 
self-efficacy.

The intervention in the present studies was relatively intense in its 
weekly usage requirement, but the total duration was short compared 
to previous interventions that lasted a semester or more (Chen, 2022). 
Future research is needed to determine whether self-efficacy would 

increase, plateau, or possibly decline with longer exposure to learning 
experiences enabled by AI-based features. Also, learners in Study 1 
were restricted to English-speaking countries. While learners in Study 
2 did not have the same location restriction, they were still limited to 
English speakers learning Spanish or French. More research on the 
development of self-efficacy with generative AI is needed with a 
variety of language learners and geographical contexts.

7.2 Perceived efficacy of AI-based features

Across Studies 1 and 2, 91–97% of learners agreed that the 
AI-based features helped them learn to speak and understand 
conversations, similar to another study conducted in Benin in which 
learners reported that generative AI improved their English speaking 
skills (Toboula, 2023). In Studies 1 and 2, 90–97% of learners agreed 
that the AI-based features, including the Roleplay feature, prepared 
them for real-world situations, and 86–99% agreed that the AI-based 
features, including the Explain My Answer feature, helped them 
understand grammar and learn from their mistakes. These results 
imply that learners noticed improvements in their skills during 
the study.

7.3 Self-reported transfer of learning

The majority of learners in both studies reported using what they 
learned with the AI-based features outside the app, in similar contexts 
across studies: Travel, work, education, services and retail, 
interactions with family and friends, casual conversations with native 
speakers, communication via technology, and media use. Taken 

FIGURE 11

Agreement rates for 8 statements on the post-survey in Study 2 (N = 232). Note: “Duolingo Max” was the name of the higher subscription tier at the 
time of the study.

TABLE 4 Summary of AI-generated, human verified themes in Study 2 
participants’ descriptions of using what they learned outside of Duolingo 
(N = 121).

Theme Examples

Travel Asking for directions, ordering food, and conversing 

with locals.

Casual conversations With friends, family, and neighbors who speak the 

language they are learning.

Sometimes via social media or texting.

Workplace 

communication

With coworkers, clients, and during work-related travel.

Cultural engagement Attending festivals, watching movies, listening to music, 

and reading articles or books.

Educational support 

and settings

Assisting students with homework, teaching children, or 

practicing with a partner who is also learning the 

language.

Daily errands and 

services

Grocery shopping, ordering at restaurants, and 

interacting with service providers who speak the 

language.

Family interaction With spouses, children, and relatives.

Often with the goal of better communication with family 

who are native speakers.
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together with the high perceived efficacy of AI-based features, these 
findings suggest that many learners noticed transfer of learning from 
the app to real life. Such perceptions could play a role in supporting 
actual skill development, because people’s judgments of their own 
learning can influence their approach to future learning 
(Metcalfe, 2009).

While learners attributed learning transfer to the AI-based 
features, most of the course content learners studied was the same as 
in the free version of the app, and this content could also have 
contributed to learning transfer. Future research could investigate 
whether transfer of learning is observed in app learning experiences 
that do not rely heavily on generative AI.

7.4 Comparison of studies 1 and 2

Although we do not directly compare the results of Studies 1 and 
2 because they represent different learner populations, we note some 
important differences. In Study 2 there were significant increases in 
several different types of self-efficacy, and perceived efficacy of the 
AI-based features ranged from 93 to 99%. In Study 1, just one type of 
self-efficacy increased significantly, and AI-based feature efficacy 
perception ranged from 86 to 96%.

While it is difficult to attribute these differences to any one factor, 
there are several possible sources. Learners in Study 2 could have 
experienced a novelty effect, viewing their experience with AI-based 
features more positively because they were novel. This is in line with 
research demonstrating enhanced interest in language learning when 
interactions with chatbots are novel (Fryer et al., 2017; Fryer et al., 
2019), and research showing more positive attitudes towards 
technologies that are perceived as more novel (Wells et al., 2010). 
These results are also broadly consistent with research demonstrating 
that novelty enhances attention, memory, learning, and perceived 
value (Barto et  al., 2013; Kagan, 2009; Blut et  al., 2023; Sánchez-
Fernández and Iniesta-Bonillo, 2007; Leroi-Werelds, 2019; Wells et al., 
2010). Furthermore, learners in Study 2 may have valued the AI-based 
features more positively because they did not pay for them (Blut et al., 
2023; Lee et al., 2020; Wang et al., 2013). Study 2’s larger sample size 
may also have made it easier to detect effects. The non-paying learners 
who completed Study 2 were also slightly younger (32% 18–34 years 
old, 68% 35+ years old) than the subscribers who completed Study 1 
(19% 18–34 years old, 81% 35+ years old), and their location was not 
limited to English-speaking countries. The different attrition rates in 
the studies may also suggest underlying differences in income or 
commitment to language learning between subscribers and 
non-paying learners.

7.5 Ethical implications

Concerns have been raised about the ethical implications of using 
generative AI for educational and research purposes (Bond et al., 
2024). Biases against specific demographic groups in text generated by 
large language models, as well as lack of transparency about data 
privacy, are well-known risks (Landers and Behrend, 2023). More 
recently, studies have shown that generative AI can even harm 
subsequent learning when it includes errors or is used as a crutch 
during the learning process (Bastani et al., 2024).

Several factors mitigate these concerns in the present studies. 
Individual participants’ data collected via study surveys were not 
shared with anyone outside the company, and participants were 
informed of this. Duolingo’s privacy policy regarding in-app data is 
also publicly available (Duolingo, 2024). The prompts that generated 
text live in Duolingo’s AI-based features were specially designed to 
avoid bias, errors, and inappropriate or offensive language 
(Duolingo Team, 2023). Finally, although some of the Duolingo 
AI-based features provided translation hints and helpful phrase 
suggestions, learners still needed to assemble phrases into complete 
responses during conversation activities. Future research is needed 
to investigate the degree to which generative AI-based assistance 
during learning experiences enhances or hinders language 
skill development.

7.6 Limitations of the current studies

While these studies’ results are encouraging, they have several 
limitations. The study design did not include a control group (i.e., 
learners who did not use the AI-based features), so it is possible that 
self-efficacy increases would have occurred without access to the 
AI-based features, or were even unrelated to Duolingo. Also, since 
most learners reported using their learning outside the app, it is 
possible (although unlikely) that these practice opportunities alone 
led to increased self-efficacy. Future studies aiming to identify 
causality should include a control group.

Furthermore, these studies rely on self-reported data. Although 
assessing self-efficacy via questionnaires is common practice in 
second language acquisition research (Goetze and Driver, 2022), in 
any self-reported data there is the potential of bias. People’s judgments 
of learning are influenced by ease of processing, which can sometimes 
be unrelated to or even negatively correlated with learning (Carpenter 
and Geller, 2020; Deslauriers et al., 2019). For instance, the Roleplay 
feature could have made learners feel like they could speak easily 
without significantly increasing speaking skills. However, the high rate 
of participants’ self-reported transfer of learning outside of the app 
provides a check on the accuracy of their self-efficacy estimates, 
because learners who use the language in daily life get immediate 
feedback on their skill level. While this triangulation of varied self-
report data lends credibility to participants’ self-efficacy estimates, 
future research should investigate whether such AI-based features 
empirically improve learning.

Finally, these results do not include learners who did not meet the 
study’s app usage requirements, perhaps due to lower perceived efficacy 
of the AI-based features, or lesser motivation or language ability. Also, 
the learners in this study are English speakers learning Spanish or 
French, and the results may or may not generalize to other populations. 
Future research on the use of AI-based features to support self-efficacy 
should be conducted with a greater diversity of language learners.

8 Conclusion

In two studies, learners used the Duolingo language learning app 
for 1 month, with access to two features that used generative AI. These 
features prepared learners for real-world conversations and provided 
on-demand explanations, using pedagogical approaches that 
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enhanced self-efficacy in previous classroom interventions. Changes 
in learners’ self-efficacy were assessed, as well as learners’ perceived 
efficacy of the AI-based features and self-reported transfer of learning 
from the app to real life.

In Study 1, learners who had already been using the AI-based 
features as part of a paid subscription tier showed a significant increase 
in their feelings of preparedness to use French/Spanish in real-life 
situations. In Study 2, learners granted complimentary access to the 
AI-based features showed significant increases in self-efficacy for a 
variety of skills, including feeling prepared to use French/Spanish in 
several real-life situations, and feeling confident in their ability to 
speak in French/Spanish, understand French/Spanish grammar, and 
understand the mistakes they made. A large majority of learners in 
both studies agreed that the AI-based features were effective in helping 
them acquire a variety of language skills, suggesting that learners 
experienced improvements in their abilities during the study. 
Consistent with this interpretation, the majority of learners said they 
had used what they learned outside the app, and gave examples from 
a variety of real-world contexts.

These findings are the first evidence that language learning self-
efficacy increases in learning experiences that use generative AI. These 
results are consistent with previous intervention studies that enhanced 
language learning self-efficacy with communication-focused tasks, 
constructive feedback that highlights learners’ success, and explicit 
teaching of language learning strategies.
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