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ABSTRACT
With the importance of second language (L2) learning beyond the classroom (e.g., Reinders et
al., 2022), language learning apps (e.g., Mango Languages, Duolingo) have shown potential for
promoting self-directed L2 learning. Despite research indicating a positive relationship between
the extent of in-app activities and L2 proficiency gains (e.g., Loewen et al., 2020), high attrition
rates pose a significant challenge to this learning method in self-study contexts (Hwang et al.,
2024). Thus, teacher support is crucial for developing learners’ agency in their independent use
of technology out of class (Godwin-Jones, 2019).

In self-determination theory (SDT, Ryan & Deci, 2017; Noels et al. 2019a in L2
contexts), autonomy—a fundamental human psychological need—refers to a sense of volition
and self-endorsement in one’s action. When this need is satisfied, learners take ownership of
their own learning and engage in activities out of interest and enjoyment. This, in turn, leads to
greater learning success and well-being. In this dissertation, I explored how teachers can support
L2 learners’ autonomy need for app-based language learning out of class, thereby influencing
their app engagement, app usage, and L2 learning. Particularly, the study examined the
moderating role of learners’ initial motivation for English learning in this process.

Additionally, recognizing the potential influence of socio-ecological structures, I
investigated the implementation of app-based language learning in South Korea’s distinctive
educational context. In South Korea, the high-stakes nature of English tests often leads learners
to rely on hagwons—for-profit, private educational institutions. Within this landscape, language
learning apps are one of many resources available for English learning. Building on this, I
explored whether learners’ perceived opportunity cost of using language learning apps (i.e., the

sense of sacrificing other valued learning activities to use apps) affects their out-of-class app



usage, and how teacher autonomy support can help mitigate this perceived opportunity cost.

Participants were seventh-grade beginner learners (N = 258) in South Korea. While
learners independently used a commercially available language learning app over 13 weeks, their
teachers provided Reeve and Cheon’s (2021) autonomy-supportive instructional behaviors to
enhance out-of-class app usage. Using questionnaires, I measured learners’ (a) initial L2
motivation, (b) perceived teacher autonomy support, (¢) autonomy need satisfaction, (d) app
engagement (behavioral, emotional, cognitive, and agentic dimensions), and (e) perceived
opportunity cost. Additionally, in-app usage and learning gain data were collected.

Using structural equation modeling, I conducted mediation and moderated mediation
analyses, revealing three key findings: (1) greater app usage positively predicted vocabulary
learning gains; (2) teacher autonomy support indirectly increased app usage by enhancing
autonomy need satisfaction and reducing perceived opportunity cost; and (3) teacher autonomy
support was effective even for learners with controlled L2 motivation.

These findings suggest that classroom-based autonomy support encourages L2 learners to
use technology beyond the classroom and builds their resilience against disengagement from it,
enabling sustained self-directed L2 learning. Pedagogical implications are discussed regarding
the importance of creating a structured learning climate to ensure consistent and reliable teacher

autonomy support.
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INTRODUCTION
With a growing emphasis on second language (L2) learning beyond the classroom (Reinders et
al., 2022), mobile technology has emerged as a valuable tool in facilitating L2 learning in self-
study contexts by providing flexible and diverse learning opportunities. In particular, language
learning apps (e.g., Mango Languages, Duolingo) are specifically designed as self-study
resources and incorporate curricular components (e.g., lessons, feedback, assessment) to simulate
classroom instruction in out-of-class contexts. Unlike general content platforms (e.g., YouTube)
and auxiliary tools (e.g., online dictionaries), language learning apps are expected to offer a more
structured approach to L2 learning beyond the classroom.

Empirical studies demonstrate the benefits of app-based language learning on L2
proficiency (e.g., Bang et al., 2024; Garcia Botero et al., 2021; Jiang et al., 2021, 2024; Kessler
et al., 2023; Loewen et al., 2019, 2020; Smith et al., 2024; Sudina & Plonsky, 2024). However,
high attrition rates in self-study contexts pose significant challenges, as only a small subset of
learners persist long enough to achieve meaningful gains (Hwang et al., 2024). Addressing these
issues requires understanding how initial affective and linguistic traits (e.g., L2 motivation, L.2
proficiency) and educational contexts influence app usage as well as exploring how teachers can
systematically support learners’ self-directed L2 learning through apps. Relatedly, learners’
agency is crucial for using digital resources effectively beyond the classroom (Godwin-Jones,
2019), yet there is little consensus on how learner autonomy is conceptualized (Chong &
Reinders, 2022). In this regard, using self-determination theory (SDT; Ryan & Deci, 2017) as a
theoretical framework, I explored how teachers can support learners’ autonomy need for app-
based language learning out of class, thereby influencing their app engagement, app usage, and

L2 learning.



BACKGROUND LITERATURE
Autonomy Support for L2 Learning Beyond the Classroom
Self-determination theory (SDT) is an integrative approach to human motivation and personality
(Ryan & Deci, 2017, 2020). As a macro-theory, SDT integrates its six mini-theories, each of
which uniquely addresses specific research questions about the nature of human motivation and
how social conditions affect it: (a) basic psychological needs theory, (b) cognitive evaluation
theory, (c) causality orientations theory, (d) organismic integration theory, (¢) goal contents
theory, and (d) relationships motivation theory. What unites these mini-theories into a single
macro-theory is shared assumptions for humans’ inherent nature for personal growth and
proactive interaction with the environment to achieve their flourishing.

This dissertation focuses on one of the six mini-theories of SDT: basic psychological
needs theory (Ryan & Deci, 2001, 2017; Ryan et al., 2008). The main question of this theory is
to understand how need satisfaction or frustration leads to effective functioning and well-being
or, conversely, to maladaptive functioning and ill-being. Basic psychological needs theory
identifies the three universal psychological needs for (a) autonomy, (b) relatedness, and (c)
competence as inherent inner motivational resources. Autonomy concerns a sense of personal
ownership during one’s action. Relatedness concerns a sense of belonging and emotional
connection with others. Competence concerns a sense that one can succeed and grow in one’s
skills and capacities. A key theoretical implication of basic psychological needs theory is that the
satisfaction of these basic psychological needs is fundamental for optimal functioning and
healthy development of individuals, while their frustration undermines these outcomes,

manifesting as passivity, defiance, and ill-being (Ryan & Deci, 2017).



In L2 contexts, Noels et al. (2019a) proposed a model for the L2 learning motivational

process based on SDT. In their model, as demonstrated in Figure 1, socially important others

(e.g., family, teachers, L2 community) support learners’ psychological needs and shape their L2

motivational orientation, which influences the manner and intensity of L2 engagement,

(non-)linguistic outcomes, and psychological wellness. With empirical evidence substantiating

this motivational process (e.g., Alamer & Lee, 2019; McEown et al., 2014; Noels et al., 2019b;

Oga-Baldwin & Nakata, 2017, 2020; Oga-Baldwin et al., 2017), basic psychological needs are

considered as inherent inner motivational resources, whose satisfaction is the essential nutriment

for learning and growth (see Al-Hoorie et al., 2022; McEown & Oga-Baldwin, 2019, for the

overview of possible applications of SDT to L2 learning research and pedagogy).
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Figure 1 Noels et al.’s (2019a) language learning motivational process (p. 100). Reprinted with

permission from the author.



While each psychological need uniquely contributes to human motivation, the focus has
primarily been on autonomy need because it is seen as an anchor construct that promotes the
satisfaction of the other needs (Reeve, 2022a). Given the importance of autonomy need
satisfaction, SDT researchers in educational contexts have explored diverse autonomy-supportive
strategies such as classroom climates and educational practice (Ryan & Deci, 2020).

Specifically, when autonomy need is satisfied, learners experience a sense of volition and self-
endorsement in initiating and regulating their learning. This sense of ownership drives them to
get involved in activities out of interest and enjoyment (i.e., intrinsic goal pursuit), further
creating opportunities for greater autonomy need satisfaction (Reeve, 2022b). Building on this
theoretical assumption, Reeve and Cheon (2021) propose seven strategies for autonomy-

supportive instructional behaviors (ASIB).
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Figure 2 Reeve and Cheon’s (2021) seven autonomy-supportive instructional behaviors (p. 56).
Reprinted with permission from the author.



As demonstrated in Figure 2, the essence of autonomy-supportive teaching is adopting a learner-
centered approach (ASIB #1) with two major goals: (a) support intrinsic motivation, and (b)
support internalization. Each goal can be achieved by relevant autonomy support behaviors.
First, teachers may support learners’ intrinsic motivation by providing them with learning
activities that align with their personal interests (ASIB #2) and by allowing them to decide their
learning guided by their interests and goals (ASIB #3). Second, teachers can provide four
autonomy supports to facilitate learners’ internalization, a process of taking in values, beliefs, or
behaviors from external sources and incorporating them into their own way of thinking and
acting. These strategies include explaining the value and personal relevance of learning activities
(ASIB #4), acknowledging negative feelings (ASIB #5), using invitational language (ASIB #6),
and displaying patience to let learners work at their own pace and in their own way (ASIB #7).
Reeve and Cheon’s (2021) systematic review provided empirical evidence highlighting the
benefits of teacher autonomy support for educationally important outcomes (e.g., learning
engagement, academic achievement, prosocial behavior). Overall, the findings highlight that
teachers can effectively satisfy learners’ autonomy need through autonomy-supportive teaching
(see Reeve & Cheon, 2021, for a comprehensive list of empirical studies exploring the effects of
autonomy-supportive instructional behaviors and their outcomes).

While existing research on autonomy need support primarily focuses on classroom
settings, it holds particular significance in L2 contexts, where much of language learning occurs
beyond the classroom (Mynard & Shelton-Strong, 2022). In self-study contexts, external
accountability (e.g., teacher guidance, peer pressure) is often absent, requiring learners to
manage their learning independently (Reinders & Benson, 2017). In this regard, there is growing

scholarly attention to exploring technology as a potential tool to facilitate autonomous L2



learning out of class. Empirical research has shown that various types of digital resources can
effectively support learners’ autonomy need, thereby enhancing their self-directed L2 learning
(e.g., Alamer & Al Khateeb, 2023, for a social networking app; Dincer & Isik, 2022, for digital
resources in general; Hsu, 2023, for language massive open online courses; Jeon, 2022, for a
speaking-practice app; Zeng & Fisher, 2024, for Duolingo’s gamification). Overall, it is
noteworthy that these studies primarily focused on resource-based autonomy need support where
features within technologies are the source of need-satisfying experiences (i.e., autonomy need
satisfaction through technology usage).

However, there is a lack of research exploring how teachers can support autonomy need
for technology usage in self-study contexts (i.e., teacher-provided autonomy support to enhance
out-of-class technology use). To truly fulfill learners’ autonomy need through technology usage,
teachers first need to create autonomy-supportive environments that encourage L2 learners to
take ownership of using technology and managing their learning behaviors and strategies beyond
the classroom. Applying Noels et al.’s (2019a) motivational process model to technology-
mediated L2 learning contexts, I investigate how teacher autonomy support can promote a sense
of volition and ownership of technology use for L2 learning beyond the classroom, as well as its
effects on technology engagement, actual usage, and L2 learning outcomes. Among diverse
digital resources available, language learning apps are the focal technology in this study, as they
are specifically designed for self-study purposes.

L2 Motivation as the Precondition in App-Based Learning
Research on app-based language learning has shown that the extent of in-app activities (e.g.,
total time spent on apps, the number of lessons completed) is a positive predictor of L2

proficiency gains (e.g., Bang et al., 2024; Garcia Botero et al., 2021; Jiang et al., 2021, 2024;



Kessler et al., 2023; Loewen et al., 2019, 2020; Smith et al., 2024; Sudina & Plonsky, 2024).
However, high dropout rates are a significant challenge of this learning method, particularly in
self-study settings, where learners often need to find other reasons to persist (Hwang et al.,
2024). For example, Garcia Botero et al. (2019) found that among 574 university students
introduced to a focal app, 149 reported using it, and only 12 completed a language course on the
app over a year. Jeon (2022) showed a similar finding with a younger population. Only nine of
179 primary school students used a focal app for more than a month during a two-month period.
Fifty-nine students did not use the app at all. Notably, Hwang et al. (2024) highlighted that a
significant portion of dropouts occurred in the early stage of app-based language learning
irrespective of individuals’ dispositions toward technology. Overall, in real-world scenarios
where learners juggle daily responsibilities, these findings suggest that only a small group of
learners are likely to use language learning apps long enough to achieve meaningful L2 gains in
self-study contexts.

Methodologically, previous studies have applied eligibility criteria to include participants
who met minimum usage thresholds (i.e., persistence-based inclusion criteria), thereby excluding
those with lower app usage from subsequent analysis. However, this approach may introduce
bias by favoring persistent app users whose initial affective and linguistic traits could affect the
extent of app usage in the first place. Consequently, the effectiveness of app-based language
learning may have been overestimated, suggesting that it is effective only if learners can ensure a
certain level of usage—a condition that many learners in self-study contexts find challenging to
meet. This potential bias, where individuals predisposed to persistent behaviors are
overrepresented in data and inflate the apparent efficacy of interventions, has been documented

in other research fields. This phenomenon is known as the healthy initiator effect or healthy



adherer effect, a well-recognized bias in medicine (e.g., Olawore et al., 2024; Shrank et al.,
2011). It occurs when individuals who are more likely to initiate or adhere to a treatment of
interest are initially healthier or engage in other healthy behaviors (e.g., screening tests,
immunizations) than their non-healthy counterparts. This predisposition to healthier behaviors,
unrelated to the intervention itself, increases the likelihood of sustained participation in medical
research, with their data being included on adherence-based inclusion criteria (e.g., those who
take medicine for more than three months). As a result, individuals who are initially healthier
may be overrepresented, leading to an overestimation of the effectiveness of a medical
intervention. Therefore, persistence-based inclusion criteria in app-based language learning
research may conflate app effectiveness with pre-existing individual traits (e.g., L2 motivation,
technology acceptance) that affect persistence. In this regard, this raises the question of whether
the potential benefits of app-based language learning beyond the classroom are conditional on
individual differences existing before using apps.

Despite increasing attention to understanding digital resources for L2 learning from
technology acceptance perspectives (e.g., Hwang et al., 2024), little research systematically
considers L2-specific variables as preconditions for the benefits of app-based language learning.
One typical example of such a variable is L2 motivation. For example, Loewen et al. (2020)
found that learners with greater L2 motivation were likely to use the app more, which in turn, led
to greater growth in oral proficiency. Similarly, Sudina and Plonsky (2024) reported that diverse
in-app usage indices were positively correlated with initial L2 motivation level and L2
proficiency gains, respectively. However, they did not find clear associations between L2
motivation and L2 proficiency gains. To sum up, these studies suggest that L2 motivation

existing before learners start using apps may provide an initial advantage in app-based language



learning. This emphasizes the importance of considering learners’ initial L2 motivation to better
understand potential causal relationships between app usage and L2 gains.

It is noteworthy that L.2 motivation was conceptualized as a single-dimensional construct
indicated by high or low levels (e.g., I work hard at studying French/Spanish, [ am interested in
learning Spanish) in previous studies (e.g., Loewen et al., 2020; Sudina & Plonsky, 2024). In
contrast, as demonstrated in Figure 3, the SDT framework arranges different forms of motivation
along an autonomous-controlled continuum, reflecting their relative satisfaction of autonomy

need for an activity (Ryan & Deci, 2017).
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Figure 3 Taxonomy of motivation on the self-determination continuum (Reeve, 2022a, p. 21).
Reprinted with permission from the author.

At the one end of this continuum, intrinsic motivation involves engaging in activities ‘for their
own sake,” while at the other end, amotivation refers to a lack of interest and value when an
activity is perceived as personally irrelevant. In between, extrinsic motivations exist, which

concern reasons other than inherent interest and enjoyment, and are divided into four subtypes:



integration, identification, introjection, and external regulation. Each is characterized by the
degree to which motive is seen as coming from within an individual’s sense of value for an
activity or from externally imposed sources (e.g., rewards). Integrated and identified regulations
are autonomous extrinsic motivations, whereas introjected and external regulations are controlled
forms of extrinsic motivation (Noels et al., 2019a). While most intentional behaviors involve
both autonomous and controlled motivation simultaneously (Ryan & Deci, 2020) and the unique
role of controlled motivation in supporting autonomous motivation is acknowledged (Al-Hoorie,
2024), a large body of empirical research has demonstrated that more autonomous types of
motivation predict greater learning engagement and positive outcomes (Ryan & Deci, 2020; see
Alamer & Alrabai, 2023; Alamer & Lee, 2019; Alrabai & Alamer, 2024; McEown et al., 2014;
Noels et al., 2019b; Oga-Baldwin et al., 2017; Shirvan & Alamer, 2024, for L2 learning).

In this study, grounded in the SDT framework, I defined L2 motivation as the extent to
which learners are willing to take ownership of their L2 learning (i.e., levels of autonomy need
satisfaction for L2 learning), ranging from autonomous to controlled motivation. Given the
critical role of autonomous L2 motivation in shaping out-of-class L2 learning experiences (e.g.,
Hoang et al., 2022), I hypothesized that pre-existing L2 motivation might influence app-based
language learning beyond the classroom, leading to varying levels of app engagement and usage.
Opportunity Cost of App-Based Language Learning in a Test-Driven Context
The present study was conducted in South Korea, where English is taught as a foreign language.
English education in South Korea is predominantly test-oriented, with school English tests
primarily assessing reading and grammar skills. While a strong emphasis is placed on achieving
high grades to secure better educational and career opportunities, the participants in the study

received only two 45-minute English classes per week at school, which is insufficient for test
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preparation. This limitation makes it almost mandatory for learners to study English out of class
to supplement in-class instruction. Yet, such independent learning can be particularly
challenging for young learners who lack effective self-study skills and strategies. As a result,
parents and learners often turn to hagwons—for-profit private educational institutions—for
additional support to excel in tests. In this context, language learning apps may offer a practical
alternative to promote self-directed English learning, potentially reducing reliance on hagwons.
As the importance of integrating dynamic real-world contexts into language teaching and
learning is emphasized in The Douglas Fir Group (2016) and Noels et al.’s (2019a) motivation
process model (i.e., socio-structural and socio-cultural components in Figure 1), it is essential to
consider a specific local context, beyond the confines of research design, that may determine the
success of app-based language learning. In this regard, learners’ perceived opportunity cost of
using language learning apps could influence their app usage. In economics, opportunity cost

refers to the value of the alternative that you give up when making a choice.
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Figure 4 Constant opportunity cost between goods X and Y.
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Figure 4 visualizes the concept of opportunity cost with two goods: Good X (e.g., books) and
Good Y (e.g., meals). The line demonstrates the trade-offs involved in reallocating resources
between the production of the two goods under conditions of constant opportunity cost. For
instance, at Point A, more resources are allocated to Good Y, resulting in the production of 75
meals, while fewer resources are allocated to Good X, producing only 25 books. Conversely, at
Point B, the allocation shifts to prioritize Good X, resulting in the production of 75 books but
only 25 meals. The dashed lines connecting the points to the axes visually emphasize the
opportunity cost. Moving from Point A to Point B involves sacrificing 50 meals to produce 50
additional books, and vice-versa. This trade-off highlights the fundamental principle of
opportunity cost, which underscores the efficient use of limited resources such as time, energy,
or money, and the necessity of making choices when resources are scarce.

In educational contexts, the concept of opportunity cost has been explored within the
situated expectancy-value model of motivation (Eccles & Wigfield, 2020; Gladstone et al.,
2022). This model includes two main components: expectancy, which examines one’s perceived
ability to perform an activity, and value, which evaluates whether one finds the activity
worthwhile. Within this framework, ‘cost’ is a subcomponent of value, including components
such as the perceived amount of effort required to complete a task, and the extent to which
engaging in one activity limits the ability to participate in other valued tasks (i.e., loss of
resources). Empirically, higher perceived costs associated with an activity can lower the overall
value of the activity, leading to a decline in motivation and an increase in avoidance of the
activity (e.g., Jiang et al., 2018; Robinson et al., 2019). Recent research has elevated cost to an
independent component to propose the expectancy-value-cost model (Barron & Hulleman, 2015;

Kosovich et al., 2015). While SDT does not explicitly address the concept of cost, it highlights

12



the role of teacher autonomy support in developing an initial sense of value and personal
relevance for a task to facilitate the internalization process (i.e., ASIBs #4 to #7) by explaining
its utility value aligned with learners’ perspective, rather than teacher’s (Reeve & Cheon, 2021).
Therefore, I relied on the expectancy-value(-cost) model to explore the perceived opportunity
cost of app-based language learning.

In the context of this study, Korean learners typically face tightly packed extracurricular
schedules, including various (non-)academic subjects. With limited available time and energy,
every additional activity must justify its value in terms of opportunity cost. As such, learners
must make deliberate choices to prioritize activities that maximize academic performance or
personal enjoyment, reflecting the trade-offs between competing options. In this respect,
language learning apps represent one of many available tools for improving English skills, and
these apps must compete with well-established non-app learning resources (e.g., hagwons),
which are integral to learners’ routines and offer a proven return on investment. For language
learning apps to be meaningfully used out of class, their perceived benefits must outweigh the
opportunity cost of time and effort diverted from other alternative non-app learning methods
through a cost-benefit analysis. Based on this understanding, I hypothesize that a high perceived
opportunity cost associated with language learning apps will negatively influence learners’ app
usage, whereas a lower perceived opportunity cost will lead to greater app usage. Furthermore, |
aim to explore the extent to which teacher autonomy support could alleviate such perceived

opportunity cost, potentially promoting greater app engagement and usage out of class.
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THE PRESENT STUDY
Mediation and Moderated Mediation
Figure 5(a) demonstrates a mediation relationship. With variables X, Y, and M, X has a direct
effect on Y (i.e., X — Y). When the effect of X on Y is transmitted through an intervening
variable M (i.e., X — M — Y), M mediates the relationship between X and Y. In this case, M
serves as both an outcome of X and a cause of Y, with its effect on Y being conditional on X. For
example, if M positively affects Y (i.e., M — Y), X indirectly affects ¥ by increasing M (i.e., X —
M). When X has both direct and indirect effects on Y, this is known as partial mediation. If X
affects Y only through M, it is full mediation.

For example, in the present study, perceived teacher autonomy support (X) may directly
influence out-of-class app usage (Y). Additionally, this relationship may involve an indirect
effect of perceived teacher autonomy support through autonomy need satisfaction (M). While
higher autonomy need satisfaction can directly lead to greater app usage (i.e., the direct effect of
M on Y), it is perceived teacher autonomy support that determines the levels of autonomy need
satisfaction from the outset. In other words, the extent to which perceived teacher autonomy
support influences autonomy need satisfaction (i.e., X — M) indirectly shapes the strength of the
relationship between autonomy need satisfaction and app usage (i.e., M — Y). This reflects a
mediation effect where the impact of X on Y is partially or fully transmitted through M.

However, one key assumption of mediation analysis is that there are no omitted
confounders for any pair of variables among X, Y, and M. This means that the relationship
between X and M should not be affected by any other unobserved variables. Omitted

confounders (cf. healthy initiator and adherer effects) can introduce bias into the estimated
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mediation effect, making it difficult to accurately assess the role of M as a mediator between X
and Y. Violating this assumption could mean that the observed relationships could be spurious.

If indirect effects are driven by unmeasured variables, the use of the term ‘mediation’ is
not warranted. In this case, both mediation and moderation can be estimated in the same analysis.
Figure 5(b) demonstrates moderated mediation, where X directly affects Y, and W moderates the
indirect effect of X on Y through M. When the indirect effect of X on Y through M depends on a
moderator W, this reflects how the strength or direction of causal mechanisms depend on
individual differences or situation (Kline, 2023). In a moderated mediation model, X and W
interact in their effects on M in addition to their direct effects, indicating that the direction or
strength of the relationship between X and M may vary over the levels of W.

In the earlier example, learners’ initial L2 motivation may serve as a moderator (W).
Specifically, learners with more autonomous L2 motivation may respond more meaningfully to
teacher autonomy support than those with more controlled L2 motivation. Consequently, for the
autonomous L2 motivation group, greater autonomy need satisfaction could be achieved with the

same level of perceived teacher autonomy support compared to the controlled L2 motivation

group.
M (mochVator) M
(mediator) (mediator)
X > Y X > Y
(a) Mediation (b) Moderated mediation

Figure 5 Skeletal diagrams for mediation and moderated mediation.
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Research Questions and Hypotheses

In self-study settings, where learners’ agency in using digital resources is crucial for successful
L2 learning (Godwin-Jones, 2019), autonomously motivated L2 learners are more likely to
respond positively to teacher autonomy support for app-based language learning beyond the
classroom. This support can effectively satisfy their autonomy need for app usage, leading to
higher-quality app engagement. In turn, this engagement may proactively recruit further
autonomy support from teachers (cf. Reeve et al., 2020), creating a positive self-reinforcing loop
that enhances app usage and L2 learning. Under this assumption, teacher autonomy support will
directly influence app usage, which serves as a predictor of L2 learning gains. To ensure the
robustness of these gains, non-app English learning experiences out of class are controlled for in
the analysis. Autonomy need satisfaction, app engagement, and perceived opportunity cost are
included as mediators, transmitting the effect of teacher autonomy support to app usage in
unique ways. Additionally, learners’ initial levels of self-determined (i.e., autonomous)
motivation for English learning will moderate these relationships. Figure 6 presents a skeletal
diagram of these hypotheses, where the + signs indicate positive relationships between variables,
and the — signs represent negative relationships. The research questions and corresponding

hypotheses of the present study are provided as follows:
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Figure 6 Hypothesized model for the present study.

Learning Gain

Non-App
English
Learning
(covariate)

Research Question 1. To what extent does teacher autonomy support affect autonomy need

satisfaction, app engagement, perceived opportunity cost, and app usage?

Hypotheses 1a, 1b and 1c. Teacher autonomy support will positively predict autonomy need

satisfaction, app engagement, and app usage, respectively.

Hypothesis 1d. Teacher autonomy support will negatively predict perceived opportunity cost.

Research Question 2. To what extent does autonomy need satisfaction affect app engagement

and app usage?

Hypotheses 2a and 2b. Autonomy need satisfaction will positively predict app engagement

and app usage, respectively.

Hypotheses 2¢ and 2d. Autonomy need satisfaction will mediate the relationship between

teacher autonomy support and app engagement, and between teacher autonomy support and

app usage, respectively.
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Research Question 3. To what extent does app engagement affect app usage?
Hypothesis 3a. App engagement will positively predict app usage.
Hypothesis 3b. App engagement will mediate the relationship between teacher autonomy
support and app usage.
Hypothesis 3c. App engagement will mediate the relationship between teacher autonomy
support and app usage through autonomy need satisfaction.
Research Question 4. To what extent does perceived opportunity cost affect app usage?
Hypothesis 4a. Perceived opportunity cost will negatively predict app usage.
Hypothesis 4b. Perceived opportunity cost will mediate the relationship between teacher
autonomy support and app usage.
Research Question 5. To what extent does app usage affect learning gains from app-based
learning?
Hypothesis 5. App usage will positively predict learning gains after non-app English learning
experiences are controlled.
Research Question 6. To what extent does initial L2 motivation influence the relationships
among the variables?
Hypothesis 6. Greater autonomous L2 motivation will positively moderate the relationships

among the variables (i.e., moderated mediation).
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METHOD
Participants
I recruited two Korean English teachers and their combined group of 305 seventh graders (aged
12-13) from the same public middle school in South Korea. These young adolescent learners
have been studying English for at least five years in school as required by the national
curriculum. Additionally, they have participated in varying levels of private English learning
activities out of class. Such informal English learning experiences, independently from the
school curriculum, have resulted in a diverse range of English ability and motivation profiles
among the learners.

To measure the breadth of receptive vocabulary knowledge as a proxy of learners’ initial
English proficiency prior to app-based language learning, I administered the updated Vocabulary
Levels Test A (Webb et al., 2017). This test was chosen because it is recommended as a suitable
test for measuring the vocabulary size and vocabulary knowledge of elementary and intermediate
learners of English as a foreign language. Additionally, due to the overall low proficiency, I
adapted the item definitions by translating them into Korean. For example, as shown in Figure 7,

the original item definitions—‘picture’, ‘place where things grow outside’, and ‘cost’—were

provided with their Korean equivalents—‘At%l” “/d @1’ and ‘7t4, H|&”, respectively—and

presented in blue. In the vocabulary level test, the learners were asked to match correct English-

Korean word pairs by choosing corresponding buttons.
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Figure 7 Example of adapted Webb et al.’s (2017) updated vocabulary levels test.

The test included five frequency levels, and each contained 30 items. As proposed by Webb et al.
(2017), I applied a cutoff point of 29/30 for mastery of the 1k, 2k, and 3k levels, and a cutoff
point of 24/30 for mastery of the 4k and 5k levels. The result shows that about 73.44% of the
learners (224 of 305) had not achieved mastery of the most frequent 1,000-word families, while
an additional 13.44% (41 of 305) reached mastery of this level. To explore the impact of app-
based language learning on beginner learners, I included only those learners whose vocabulary
level was at or below the 1,000-word level, removing 40 participants from the data. Additionally,
11 more participants withdrew during the project. Consequently, a total of 254 learners were
included in the present study.

Focal Technology: Mango Languages

The focal app of this study is a commercially available language learning app, Mango Languages

(https://mangolanguages.com). It provides structured, conversation-based courses that cover

reading, listening, speaking, vocabulary, pronunciation, grammar, and culture in over 70
languages. As of March 2024, the app had approximately 100,000 monthly active global users.

Learners enrolled in Mango Languages’ premium course, designed specifically for native
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Korean speakers. The course offered 95 English lessons, along with review and assessment
features. As illustrated in Figure 8, Mango Languages is structured to support learners’ self-
study of English beyond the classroom.

Mango Languages provided free subscriptions and access to usage data for this study but
did not impose any restrictions or exert influence on any aspect of the research process. None of
the learners had prior experience with the focal app before this study. Over three months, they

used the app independently from their regular school English curriculum.
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Figure 8 Key self-study features of Mango Languages (retrieved from
https://mangolanguages.com/how-it-works).
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Teacher Autonomy Support for App-Based Language Learning Beyond the Classroom
Based on Reeve and Cheon’s (2021) autonomy-supportive instructional behaviors (ASIB), the
two English teachers recruited for this study provided various types of classroom-based
autonomy support, with the goal of developing a sense of volition and ownership of app-based
language learning beyond the classroom. Using their own digital devices, learners used the app
in a self-directed way with full freedom to decide how and to what extent they used it (ASIB #2).
No external accountability (e.g., rewards, punishments) was imposed for app usage (ASIB #3).
The teachers also demonstrated the app’s key content and features and helped raise learners’
awareness of the value of using the app (ASIB #4), highlighting its potential benefits not
available in non-app learning methods (e.g., algorithm-based spaced vocabulary learning,
pronunciation practice using visual waveforms). Additionally, the teachers assisted learners by
providing strategies for setting both short-term and long-term usage goals (e.g., He & Loewen,
2022). They also made efforts to recognize learners’ progress and challenges, either by
addressing them publicly during class or privately to build confidence in using the app out of
class (ASIB #5, ASIB #6, and ASIB #7). This teacher autonomy support was consistently
provided throughout the semester as a routine of regular English classes. This also served as an
informal reminder, encouraging learners to stay focused on their app learning goals, being
reinforced at least once a week.

Materials

I collected three types of data for this study: (a) app usage time, (b) questionnaire responses, and
(c) vocabulary test scores. All questionnaires were rated on a 6-point Likert scale, ranging from 1
(“strongly disagree”) to 6 (“strongly agree”), and were administered in learners’ L1, Korean. The

Korean language versions of the questionnaires are provided in Appendix.
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In-App Usage Time
To reliably collect and manage in-app usage data, I used the Mango administrative portal (MAP)
system (see Figure 9). Before app-based language learning began, I set up the MAP system and
assigned learners to a user group of each teacher, accordingly. As demonstrated in Figure 10, the
MAP system allowed the researcher and teachers to track individual learners’ in-app activities by
providing detailed app usage data in real time. This data included the time spent during each app
session (recorded in seconds), organized by date and activity.

After app-based language learning ended on June 30™, I extracted the entire usage data,
resulting in 12,126 data points. For ease of interpretation, I transformed the raw time data from

seconds into hours, calculating the usage time per day and the total time spent on the app.

N
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PROMOTE
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Figure 9 Mango administrative portal (MAP) system interface.
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0206
Student
Info  Groups user belongsto(d) Usage  Assessments
Activity Summary
Total Time Learning Time Review Time
06:20:17 05:12:55 01:07:22
Details
Date Language / Course Activity Duration @ Time
JUN English Review 20 sec @ 2:19 AM
25
2024
Review 2 min, 11 sec @ 2:16 AM
Review 5 min, 26 sec @ 2:16 AM
Review 3sec@ 2:16 AM
Review 2 min, 31 sec @ 213 AM
JUN English Unit 1/ Chap. 8 / Lesson 1 1sec @12:33 PM
24 Ko
2024
Unit 1/ Chap. 7/ Lesson 10 6 min, 41 sec @ 12:25 PM

Figure 10 Individual app usage data on the Mango administrative portal (MAP) system.

Perceived Teacher Autonomy Support Questionnaire

Table 1 presents questionnaire items for perceived teacher autonomy support. To measure

learners’ perceptions of teachers’ instructional behaviors as autonomy-supportive—using Reeve

and Cheon’s (2021) ASIB strategies—for their out-of-class app usage, I adapted items from the

learning climate questionnaire (e.g., Jang et al., 2016; Oga-Baldwin et al., 2017). The

questionnaire included four items that focus on how teachers created an autonomy-supportive

climate for app-based language learning beyond the classroom. Cronbach’s alpha value of .89

indicates a high

level of reliability.

Table 1 Perceived teacher autonomy support questionnaire

Item Question
Supportl My teacher has helped me set my own goals for using Mango.
Support2 My teacher has supported the ways [ use Mango.
Support3 My teacher has recognized my efforts to make good use of Mango.
Support4 My teacher has carefully responded to my questions about Mango.
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Autonomy Need Satisfaction Questionnaire

Table 2 presents questionnaire items for autonomy need satisfaction for app-based language
learning. To assess the extent to which learners’ autonomy need was satisfied for app-based
language learning (i.e., their sense of volition and personal ownership in out-of-class app usage),
I adapted items from Leeming and Harris’ (2022) basic psychological needs satisfaction and
frustration scale. The questionnaire included three items. Cronbach’s alpha value of .84 indicates
a high level of reliability.

Table 2 Autonomy need satisfaction questionnaire

Item Question

Autonomy! I feel that I have the freedom to decide whether or not to use Mango.
Autonomy2 I feel that I have the freedom to plan my use of Mango.

Autonomy3 I feel that I use Mango in the way I truly want.

App Engagement Questionnaire

Table 3 presents questionnaire items for app engagement. In contemporary education,
engagement is a multidimensional construct (Skinner & Raine, 2022; Hiver et al., 2021, 2024 in
L2 contexts). In the context of app-based language learning beyond the classroom, I measured
learners’ behavioral, emotional, cognitive, and agentic engagement by adapting the scales from
previous studies (Oga-Baldwin, 2019; Reeve, 2013; Reeve & Lee, 2014; Zhou et al., 2021). Each
engagement dimension included three items, resulting in a total of 12 items. Cronbach’s alpha

value for each construct indicates a high level of reliability.
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Table 3 App engagement questionnaire

Scale  Question

Behavioral Engagement (BE) (a = .94)

BE1 T used Mango diligently.
BE2  [stayed focused while using Mango.
BE3  1did my best while using Mango.

Emotional Engagement (EE) (a = .95)

EE1  Mango was fun.
EE2 It was interesting to learn new things on Mango.

EE3  The learning activities on Mango were enjoyable.

Cognitive Engagement (CE) (a = .91)

CEl  Iknew what and how to study while using Mango.
CE2  Ihad a plan for when to use Mango.

CE3  Ireviewed what I learned on Mango.

Agentic Engagement (AE) (o =.92)

AEl  Taim to use Mango beyond the usage goal I had set.
AE2  When I faced difficulties using Mango, I actively sought help from those around me.

AE3  When I had questions while studying on Mango, 1 endeavored to resolve them.

Perceived Opportunity Cost Questionnaire

Table 4 presents questionnaire items for perceived opportunity cost. To evaluate learners’
perceived opportunity cost of app usage, I adapted the cost component of the Expectancy-Value-
Cost (EVC) Scale (e.g., Kosovich et al., 2015). Four items were used, with higher scores
indicating that learners perceive greater app usage as involving a greater loss of valued
alternatives in their other daily commitments. Cronbach’s alpha value of .82 indicates a high

level of reliability.
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Table 4 Perceived opportunity cost questionnaire

Item Question

Costl Mango requires too much time and effort in my current situation.

Cost? Due to other academic commitments, I currently do not have time to invest in

using Mango.

Cosi3 In my current situation, I cannot afford the extra time and effort needed to use
Mango consistently.

Costd To use Mango diligently, I would have to give up too much of my currently

available time.

English Learning Orientation Scale

Table 5 presents the English learning orientation scale. To understand the learners’ general
English learning motivation within SDT, I adapted Leeming and Harris’ (2022) language
learning orientation scale. They improved upon the original scale developed by Noels et al.
(2000) and further validated it within an East Asian context (i.e., Japan) similar to the present
study. The questionnaire included six SDT-based motivational constructs: Intrinsic, integrated,
identified, introjected, external motivation, and amotivation (cf. Figure 3). Each construct
represents the extent to which their motivation for English learning is driven by themselves (e.g.,
self-satisfaction, enjoyment) or by outside influences (e.g., external incentives, pressure). The
questionnaire consisted of 21 items. Cronbach’s alphas for each construct indicate a high level of
reliability, except for external motivation whose alpha value is slightly below the .70 benchmark.

Table 5 English learning orientation scale

Scale  Question

Intrinsic Motivation (a = .92)

Item1  Because I like English.
Item2  Because learning English is fun.

Item3  Because I like using English.
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Table 5 (cont’d)

Integrated Motivation (a = .83)

Iteml  Because English is an important component in understanding who I am.
Item2  Because English represents the things I consider important in life (values, beliefs).
Item3  Because English is a natural part of my life.

Item4 Because my ability to speak English reflects who I am as a person.

Identified Motivation (a = .81)

Iteml  Because English helps my personal growth and development.
Item2  Because English helps me achieve the goals I aspire to.

Item3  Because English provides me with more opportunities for the future success.

Introjected Motivation (a = .82)

Ttem] Because those around me (family, friends, teachers) have high expectations for my

English skills.
Because the people around me (family, friends, teachers) view me positively when I
[tem?2 . .
do well in English.
Ttem3 Because the people around me (family, friends, teachers) expect me to study English
diligently.
Ttemd Because I want to be seen as good at English by those around me (family, friends,

teachers).

External Motivation (o = .65)

Iteml  Because I want to achieve a good score on my English exams.
Item2  Because English is a required subject that I must take, not a choice I can make.
Item3  Because studying English is mandatory, regardless of how much I like it.

Because being good at English can help me get into a better upper school (high school,

[tem4 . .
university).

Amotivation (a = .83)

Iteml  Studying English is a waste of time for me.
Item2  English is meaningless to me.

Item3  If possible, I would choose not to learn English.
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Non-App English Learning Experiences Beyond the Classroom Questionnaire

Figure 11 shows an example of the questionnaire to measure non-app English learning
experiences beyond the classroom. I collected data on learners’ non-app English learning
activities during the study period. The questionnaire asked learners to report, on average, how
many days per week they were involved in each of the following out-of-class activities where
English served as the primary medium: reading, listening, watching, and communication (Figure
11a). For each activity type, learners also rated the intensity of specific English skills involved,
using a scale from 1 (very rarely: less than 10% of an activity) to 7 (almost always: more than
90% of an activity) (Figure 11b). These skills included reading, grammar, listening, vocabulary,
writing, pronunciation, and speaking. To create a single index, I multiplied the number of days
for each activity by the intensity of each skill (i.e., frequency X intensity). For example, if a
learner reported that listening skill “almost always” occurred during a watching activity, which
happened 3 days a week, the listening score for watching was 21 (i.e., 7 x 3). The resulting
scores were summed across all activity types. A higher value indicates a greater level of

experience of non-app English learning activities out of class.
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Figure 11 Example of non-app English learning experiences questionnaire.

Meaning Recall Test

I measured the impact of app-based language learning with the number of English words learned
after using the app. The target words were selected through a multi-step process. Initially, 417
words were extracted from all 95 lessons of Mango Languages. Of these, 349 words and their
related word families were removed as they either appeared in learners’ English textbooks at
school used during the study or were basic words likely learned in earlier school stages. From the

remaining words, those from the first 18 lessons were excluded because the learners completed
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these lessons for in-class app training sessions with the teachers. To maximize the benefits of
learners’ participation, words less relevant to their school curriculum (e.g., busser, locksmith)
were excluded. This process resulted in a final set of 40 target words, as listed in Table 6.

Table 6 Final list of the target words

Item | Target Word | Item | Target Word | Item | Target Word | Item | Target Word

1 grocery 11 | withdraw 21 | shift 31 | day off

2 | avenue 12 | dizzy 22 | address 32 | midnight

3 | direction 13 | repair 23 | rent 33 | drugstore

4 | medicine 14 | trouble 24 | inexpensive 34 | license

5 | downtown 15 | tow 25 | available 35 | emergency
6 | freeway 16 | hire 26 | compact 36 | fix

7 | account 17 | resume 27 | unlock 37 | straight

8 | exchange 18 | reference 28 | repeat 38 | fever

9 | form 19 | similar 29 | bill 39 | metal
10 | deposit 20 | application 30 | stuff 40 | sign

In a meaning recall test, the learners were asked to provide Korean translations of target English
stimuli. Responses were scored on a binary correct/incorrect scale for the test. The test was
administered twice as a pretest (March) and a posttest (July). The order of the items was
randomized across learners and testing times. Cronbach’s alphas indicated a high level of
reliability, with .88 for the pretest and .92 for the posttest. The difference between pretest and
posttest scores was used as an indicator of learning gains in the analysis.

Procedure

Figure 12 shows an overview of the study procedure. This research was approved by the
institutional review board at Michigan State University (STUDY00010031) in December 2023.

During December 2023 and January 2024, I recruited in-service Korean EFL teachers in public
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schools by advertising nationwide in online English teacher communities. Over two weeks, an
initial pool of 47 teacher candidates was created. The selection criteria included teachers who
met all of the following: those who (a) were currently teaching more than 100 learners across
multiple classes and (b) were willing to promote out-of-class English learning using technology.
After reviewing the willing participant pool, two local English teachers from the same public
middle school were selected. Both teachers were female; one had eight years of teaching
experience, while the other had two years of teaching experience. In Spring 2024, each teacher
taught about 150 seventh graders (aged 12-13) across six classes, totaling 305 learners. In
February, the two participating teachers and I prepared for the study via online meetings or text
chats. During this preparation stage, I shared the purpose of this project and provided a
comprehensive overview of Mango Languages and its key features. Additionally, I introduced
the teachers to Reeve and Cheon’s (2021) seven ASIBs and discussed how these autonomy-
supportive strategies could be effectively implemented in their classrooms to enhance learners’
self-directed app-based language learning.

Before the study began in March, learners and their parents agreed to participate in this
study and completed an English learning orientation questionnaire. In March, the teachers
introduced the app to learners and provided in-class training sessions to familiarize participants
with its functions and usage. During this initial phase, the learners completed a pretest of the
meaning recall test. From April through June, they engaged in self-directed app usage for 13
weeks out of class, with consistent classroom-based teacher autonomy support provided
throughout the usage period. At the end of May, learners completed a perceived teacher
autonomy support questionnaire, and in mid-June, they were asked to fill out an autonomy need

satisfaction questionnaire. At the end of June, they completed a perceived opportunity cost
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questionnaire. The app usage ended as of June 30th, followed by a posttest, along with

questionnaires on app engagement and non-app English learning experiences beyond the

classroom.
March April May June July
(Weeks 1 to 4) (Weeks 5 to 9) (Weeks 10 to 13) (Weeks 14 to 17) (Week 18)
: ﬁfﬁ l:slzr;)ductlon * App usage over 13 weeks (out of class, self-directed) » App usage
trainines PP * App usage data collected in real time. ended.
g * App usage data
] o ] extracted.
Teacher autonomy support was provided throughout the app training and usage period.
* Meaning recall
« Consent form test (posttest)
« Meanine recall » Perceived teacher autonomy support questionnaire (End of * App engagement
fest ( regtes 9 May) questionnaire
. En liI;h learnin * Autonomy need satisfaction questionnaire (Mid June) * Non-app English
1SS & 1+ Perceived opportunity cost questionnaire (End of June) learning
orientation scale experiences
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Figure 12 Overview of the study procedure.

Data Analysis

Analysis 1: Mediation Model

To answer research questions from 1 to 5, I built a mediation model within the framework of
structural equation modeling (SEM), using the lavaan R package. Although the dataset had no
missing values, the results of the multivariate non-normality test indicate that the assumption of
multivariate normality was not satisfied (see Table 7). To address the nonnormal distributions
and accommodate both continuous and ordinal indicators, I applied the robust Maximum
Likelihood method with the mean-adjusted Satorra-Bentler scaled chi-square estimator (MLM)

(Kline, 2023).
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Table 7 Results of multivariate non-normality test

Test Statistic p value Normality
Mardia Skewness 6805.73 <.001 No
Mardia Kurtosis 43.14 <.001 No

Next, [ used confirmatory factor analysis (CFA) to build and assess the measurement model,
establishing construct validity—the degree to which each scale accurately measures its intended
construct. This was achieved by ensuring unidimensionality, whereby the indicators of each
latent variable represent only that specific variable. I evaluated this through multiple forms of
evidence. First, I checked whether the standardized factor loadings of individual indicators were
greater than .50. Second, I examined construct reliability (i.e., how consistent the indicators are
with each other in measuring the same construct) to confirm that omega (@) values exceeded the
recommended threshold of .70. Additionally, convergent validity (i.e., the extent to which the
latent variable explains the variance of its indicators) was supported when the average variance
extracted (AVE) for each latent variable was greater than .50. Additionally, discriminant validity,
which ensures that a construct is distinct from others, was examined to ensure that each construct
is distinct from others by verifying that the square root of each latent variable’s AVE was greater
than its correlations with other variables. Based on this information, I determined the number of
latent variables of the measurement model.

Finally, I compared the relative fit of measurement invariance models to ensure that the
questionnaire items were interpreted equivalently across class groups taught by two teachers.
The stepwise procedure involved testing for several levels of invariance: configural invariance,
which assesses whether the same factor structure holds across groups; weak invariance (i.e.,
equality of unstandardized factor loadings) to determine if the relationships between items and

latent variables were consistent across groups; strong invariance (i.e., equality of unstandardized
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intercepts) to establish that item response levels were comparable; and strict invariance (i.e.,
equality of error variances and covariances) to confirm that residual variances were equivalent
across groups.

For both the measurement model and the structural model, I evaluated model fit at both
the local and global levels. For local fit, I examined normalized residuals, considering values
within the range of +2.0 as acceptable. For global fit, I reported the scaled y? statistic alongside
robust versions of three fit indices: Comparative Fit Index (CFI), Tucker—Lewis Index (TLI), and
Root Mean Square Error of Approximation (RMSEA). In addition, I also reported Standardized
Root Mean Square Residual (SRMR). The thresholds for acceptable model fit were CFI and TLI
values > .90, and RMSEA and SRMR values < .08, with values up to .10 considered marginally
acceptable. Lastly, I compared the hypothesized model in Figure 6 against an alternative model
to reduce the risk of confirmation bias.

Analysis 2: Cluster Analysis and Moderated Mediation Model

To answer research question 6, I first identified distinct subgroups among young beginner
Korean EFL learners based on their motivation for English learning. I used a hybrid (hierarchical
k-means) approach to cluster analysis (e.g., Crowther et al., 2021; Hwang et al., 2024). Using the
NbClust and factoextra R packages, I determined the number of clusters with an agglomerative
hierarchical clustering algorithm with Ward’s linkage and squared Euclidean distance methods.

Subsequently, I used the resulting clusters as a moderator of the mediation model built in
Analysis 1 (i.e., moderated mediation model). To ensure that questionnaire items were
interpreted equally across different L2 motivation groups, I checked measurement invariance in a
stepwise fashion. Next, I compared a constrained model in which parameters (e.g., path

coefficients, intercepts) are constrained to be equal across motivational groups and an
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unconstrained model in which they are allowed to vary freely. If the chi-square difference
between the fit of the constrained and the unconstrained model is significant, it indicates that the

structural relationships differ across groups.
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RESULTS
Descriptive Statistics
Perceived Teacher Autonomy Support and Autonomy Need Satisfaction
Tables 8 and 9 present the descriptive statistics for perceived teacher autonomy support and
autonomy need satisfaction for app-based language learning beyond the classroom, respectively.
On the six-point Likert scale used in the survey, mean scores above 4 indicate positive responses,
whereas mean scores below 3 are negative responses to corresponding items. As summarized in
Figure 13, the overall results show neutral-positive trends for the measured constructs, with
mean scores close to 4, suggesting that teachers’ instructional behaviors were generally
perceived as autonomy-supportive and that learners who felt them as such experienced a sense of
volition and personal ownership.

Table 8 Descriptive statistics of perceived teacher autonomy support

95% CI
Item Mean SD SE Median  Min. Max.
LL UL
Supportl 3.96 3.77 4.15 1.55 0.10 4 1 6
Support2 4.11 3.93 4.29 1.47 0.09 5 1 6
Support3 3.35 3.14 3.56 1.71 0.11 3 1 6
Support4 3.91 3.70 4.12 1.70 0.11 4 1 6
Table 9 Descriptive statistics of autonomy need satisfaction
95% CI
Item Mean SD SE Median  Min. Max.
LL UL
Autonomy| 3.83 3.63 4.04 1.66 0.10 4 1 6
Autonomy2  4.28 4.09 4.46 1.47 0.09 5 1 6
Autonomy3 3.40 3.19 3.61 1.69 0.11 4 1 6
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Figure 13 Perceived teacher autonomy support and autonomy need satisfaction: means and 95%
confidence intervals.

App Engagement
Table 10 presents the descriptive statistics for app engagement beyond the classroom. Overall,
the results indicate low to moderate engagement levels across behavioral, emotional, cognitive,

and agentic types, with most mean scores falling below the positive benchmark of 4. Figure 14

summarizes these findings.
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Table 10 Descriptive statistics of app engagement

95% CI
Item Mean SD SE Median Min. Max.
LL UL
BE1 2.89 2.68 3.09 1.66 0.10 2 1 6
BE2 3.27 3.05 348 1.72 0.11 3 1 6
BE3 3.38 3.17 3.59 1.71 0.11 4 1 6
EE1 3.06 2.87 3.26 1.59 0.10 3 1 6
EE2 3.24 3.05 3.44 1.61 0.10 3.5 1 6
EE3 3.23 3.03 342 1.59 0.10 3 1 6
CEl 3.47 3.27 3.67 1.61 0.10 4 1 6
CE2 3.08 2.88 3.27 1.57 0.10 3 1 6
CE3 2.83 2.64 3.02 1.56 0.10 2 1 6
AE1 2.93 2.73 3.13 1.60 0.10 3 1 6
AE2 3.05 2.85 3.24 1.59 0.10 3 1 6
AE3 3.22 3.01 342 1.66 0.10 3 1 6
6,
5,
4,
@
S -+
3 T
N ad
2.
1,
BE1 BE2 BE3 EE1 EE2 EE3 CE1 CE2 CE3 AE1 AE2 AE3

Figure 14 App engagement: means and 95% confidence intervals. The acronyms BE, EE, CE,
and AE represent behavioral, emotional, cognitive, and agentic engagement, respectively.

40



Non-App English Learning Experiences and Perceived Opportunity Cost

Table 11 presents the descriptive statistics for non-app English learning experiences across
language skills. The results indicate that listening was the most frequently practiced activity
among young beginners beyond the classroom (e.g., listening to English songs) while speaking,
pronunciation, and writing skills were the least practiced. However, the wide 95% confidence
intervals in Figure 15a suggest substantial variation among the learners.

Table 12 presents the descriptive statistics for perceived opportunity cost of app usage,
indicating overall neutral-negative responses, indicating learners did not evaluate using the app
as overly time- and effort-intensive. Figure 15b summarizes these trends, showing the mean
scores ranged between 3 and 4.

Table 11 Descriptive statistics of non-app English learning experiences

95% CI

Scale Mean SD SE Median  Min. Max.

LL UL
Reading 16.04 12.89 19.19 2549 1.60 6 0 189
Listening 21.65 17.85 2544  30.73 1.93 10 0 189
Writing 11.59 8.79 1440  22.70 1.42 11.59 0 189
Speaking 10.27 7.54 13.00  22.10 1.39 0 0 189
Grammar 13.14 9.99 16.29 2548 1.60 0 0 189
Vocabulary  16.63  13.29 19.97  27.03 1.70 3 0 189
Pronunciation  10.36 7.44 13.28 23.61 1.48 0 0 189
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Table 12 Descriptive statistics of perceived opportunity cost

95% CI
Item Mean SD SE Median  Min. Max.
LL UL
Costl 3.12 2.94 3.29 1.43 0.09 3 1 6
Cost2 3.75 3.55 3.94 1.58 0.10 4 1 6
Cost3 3.37 3.19 3.55 1.45 0.09 3 1 6
Cost4 3.17 2.98 3.37 1.59 0.10 3 1 6
A. Non-App English Learning Experience B. Percieved Opportunity Cost
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Figure 15 Non-app English learning experiences and perceived opportunity cost: means and
95% confidence intervals. R = Reading; L = Listening; W = Writing; S = Speaking; G =
Grammar; V = Vocabulary; P = Pronunciation.
App Usage
Table 13 presents the total amount of time spent on the app. Overall, the learners used the app for
1.65 hours (95% CI [1.36, 1.93]) out of class over 13 weeks. Notably, the learners in the top 10%
of app usage (n = 26) showed about 7.02 hours (95% CI [5.36, 8.68]) of app usage on average.
As shown in Figure 16, the red trend line indicating the average cumulative app usage over time

reveals that the mean values were skewed toward the lower end due to a subset of learners with

minimal app usage.
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Table 13 Descriptive statistics of app usage

95% CI
Group Mean SD SE  Median  Min. Max.
LL UL
All (n=254) 1.65 1.36 1.93 233 0.15 1.01 0 19.70

Top 10% (n=26)  7.02 5.36 8.68 4.11 0.81 5.28 3.67 19.70

20+

Cumulative Usage (Hour)
S )

ol

Apr May Jun Jul
Figure 16 Individual cumulative app usage over time.
Panel A in Figure 17 represents the daily total app usage time at a group level. Overall, the app
usage displayed repetitive fluctuations. A nearly two-week period of national holidays in May
led to decreased usage as learners did not attend school, suggesting a diminished effect of teacher
autonomy support during this time. Similarly, the performance assessment season in June for
most school subjects shifted learners’ focus away from the app. However, it is noteworthy that
the learners repeatedly returned to the app after pauses in their usage, rather than failing to
resume app usage once it was disrupted. Panel B in Figure 17 shows the distribution of the total

app usage time of individual learners, suggesting great variations among the learners.
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A. Daily Total App Usage B. Total App Usage by Individuals
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Figure 17 Distribution of app usage data.

Meaning Recall Test

Table 14 and Figure 18 present the results of the meaning recall test. After using the app over 13
weeks, the learners demonstrated an overall improvement on the posttest, with the top 10% app
usage group (n = 26) showing greater gains.

Table 14 Descriptive statistics of meaning recall test

95% CI
Group Time  Mean SD SE  Median  Min. Max.
LL UL
All Pretest 5.61 4.97 6.26 519 033 4 0 23
(n=254) Posttest 9.48 857 1040 739 046 8 0 28
Top 10%  Pretest 6.23 4.11 8.35 5.26 1.03 4.50 0 16
(n=26) Posttest 13.04 958 1650 857 1.68 13 0 28

44



301

251

201

151

Sum Score

Pretest (March) Posttest (July)
Figure 18 Meaning recall test scores: means and 95% confidence intervals.
Correlational Relationships Among the Variables
Figure 19 displays a correlation plot illustrating the strength of correlations between items. The
colors represent the magnitude and direction of the relationships, with stronger positive
correlations depicted in blue and stronger negative correlations in red shades. The results reveal
three key patterns. First, the items from perceived teacher autonomy support, autonomy need
satisfaction, app engagement, app usage time, and learning gains positively correlated with each
other. As outlined in Noels et al.’s (2019) motivation process model, these findings indicate a
potential positive chain reaction: learners who perceived teachers’ instructional behaviors as
autonomy-supportive were more likely to experience greater volition and personal ownership in
app usage. This, in turn, enhanced their app engagement and increased their actual app usage out
of class, ultimately leading to improved learning gains. Second, the items from perceived
opportunity cost demonstrated negative correlations with the positively correlated group,
indicating that learners who perceived app-based language learning as time- and effort-intensive

were more likely to have negative experiences with app usage. Conversely, those who viewed it
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as requiring less time and effort were more likely to have positive app usage experiences.
Finally, non-app English learning activities beyond the classroom showed no clear positive or

negative correlations with the other variables.
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Figure 19 Correlation plot of individual variables.

Four-Factor Measurement Model

Evaluating the measurement model confirms that the observed variables accurately reflect the
underlying constructs, establishing a solid foundation for any subsequent structural analysis of
relationships among constructs. First, [ built a seven-factor measurement model including

perceived teacher autonomy support, autonomy need satisfaction, four types of engagement, and
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perceived opportunity cost. However, this initial attempt revealed methodological issues that
required adjustments to the model. Although engagement is a theoretically multidimensional
construct (e.g., Hiver et al., 2021, 2024), the factor correlations among the four engagement
latent variables were very high, reaching above .90. Such high interdependence indicates that the
latent variables measure almost the same underlying construct. Indeed, an exploratory factor
analysis with the oblimin rotation and the minres estimation method in Figure 20 confirmed a
single-factor structure of app engagement, with all 12 items strongly loading on a single factor,
and parallel analysis scree plots in Figure 21 showed the eigenvalues of any additional factors
being negligible. Furthermore, I encountered a convergence issue in a subsequent structural
model, which failed to find a proper solution due to possible extreme multicollinearity.

To address this problem, I conceptualized engagement as a single construct, consistent
with previous studies (e.g., Oga-Baldwin et al., 2017). Furthermore, I applied a parceling
technique by grouping individual items into multiple parcels and used these parcel values as
indicators of a latent construct. Parceling, by specifying a target construct with fewer indicators,
can help address measurement error associated with individual item-level data, leading to more
stable parameter estimates and better model fit (see Little et al., 2013, for a pro-parcel argument
for multidimensional constructs). Following Matsunaga’s (2008) recommendation, I grouped 12
engagement items into three parcels—Engagement 1, Engagement 2, and Engagement 3—
considering an even distribution of item-specific factor loadings across parcels (i.e., factorial
algorithm). As summarized in Table 15, these parcels, each comprising four items, served as

indicators of a single latent variable, app engagement.
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Figure 20 Exploratory factor analysis of app engagement items.
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Figure 21 Parallel analysis scree plots.
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Table 15 Results of factorial-algorithm-based parceling

Item Standardized Factor Loading Parcel

CE2 0.90 Engagementl
EE3 0.90 Engagement2
AE1 0.89 Engagement3
BE2 0.88 Engagement3
BE3 0.88 Engagement2
AE3 0.88 Engagementl
EE2 0.88 Engagementl
EE1 0.87 Engagement2
CEl 0.87 Engagement3
BE1 0.86 Engagement3

To further check the unidimensionality of items within each parcel, I conducted a series of
single-factor CFA models for each parcel. The results in Table 16 show that the standardized
factor loadings for all indicators were greater than the recommended threshold of 0.7, providing
empirical support for aggregating the items into parcels.

Table 16 Results of confirmatory factor analysis by parcel

Parcel Indicators b* p-value Error variances
CE2 .86 <.001 .26
AE3 .94 <.001 A2
Engagementl
EE2 81 <.001 .35
AE2 .90 <.001 18
EE3 .95 <.001 A1
BE3 .83 <.001 32
Engagement?2
EE1 .92 <.001 15
CE3 .79 <.001 .38
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Table 16 (cont’d)

AEl1 .85 <.001 27

BE2 .90 <.001 19
Engagement3

CE1 .83 <.001 31

BEI 91 <.001 17

After parceling, I built a four-factor measurement model, consisting of (a) perceived teacher
autonomy support, (b) autonomy need satisfaction, (c) app engagement, and (d) perceived
opportunity cost. The inspection of normalized residuals of the four-factor measurement model
revealed all residuals, except for three cases, remained within the acceptable range of £2.0,
supporting the model’s local fit (see Table 17). As shown in Table 18, the standardized factor
loadings were statistically significant at p <.001 and consistently high across items, with the
lowest loading observed at .65 for Cost 1. Figure 22 summarizes the finalized four-factor
measurement model. Global fit indices indicated strong model fit (scaled y* (71) = 131.36, p

<.001; CFI=.97; TLI =. 96; RMSEA = .07, 90% CI [.05, .08]; SRMR = .04).
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Table 17 Normalized residuals for a four-factor measurement model (local fit)

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Supportl 0.00

2. Support2 0.67 0.00

3. Support3 -0.32 -1.06 0.00

4. Support4 -0.40 -0.14 0.73  0.00

5. Autonomy1 -1.04 -036 0.78 0.50 0.00

6. Autonomy?2 -037 081 065 125 029 0.00

7. Autonomy3 -0.24 023 155 0.75 0.00 -0.46 0.00

8. Engagementl -0.54 095 239 081 -0.72 -1.44 -0.07 0.00

9. Engagement2 0.00 -0.23 246 025 067 -046 027 001 0.00

10. Engagement3 -0.17 -0.62 222 -0.03 029 -038 0.07 0.08 -0.07 0.00

11. Costl -1.08 -0.01 -122 -0.71 -038 029 -0.18 -1.07 -096 -0.97 0.00

12. Cost2 -0.56 020 -142 0.68 1.04 053 -0.04 0.02 -0.14 0.69 -0.06 0.00

13. Cost3 094 076 -082 009 031 051 -054 006 054 030 -0.18 026 0.00
14. Cost4 -0.01 0.11 -0.89 044 -045 0.01 -030 0.07 -0.04 022 0.10 -0.06 -0.06 0.00

Note. Residual values within the range of +2.0 are acceptable.
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Table 18 Robust maximum likelihood estimates for a four-factor measurement model

Parameter b SE b* SE z

Factor Loadings

Perceived Teacher Autonomy Support

Supportl 1.00 0.87 0.03 34.08
Support2 0.96 0.05 0.88 0.03 32.50
Support3 0.93 0.05 0.73 0.03 21.72
Support4 1.05 0.04 0.84 0.03 32.24
Autonomy Need Satisfaction
Autonomy1 1.00 0.89 0.02 37.33
Autonomy?2 0.68 0.07 0.68 0.05 12.98
Autonomy3 0.96 0.04 0.83 0.03 30.73
App Engagement
Engagementl 1.00 0.92 0.02 57.53
Engagement?2 1.02 0.03 0.93 0.02 57.90
Engagement3 1.03 0.03 0.95 0.01 69.61
Perceived Opportunity Cost
Costl 1.00 0.65 0.05 13.68
Cost2 1.18 0.14 0.70 0.05 12.94
Cost3 1.20 0.13 0.77 0.05 14.70
Cost4 1.35 0.14 0.79 0.04 17.99

Error (Unique) Variances

Supportl 0.56 0.10 0.24 0.05 5.25
Support2 0.47 0.10 0.22 0.05 4.58
Support3 1.33 0.15 0.46 0.05 9.27
Support4 0.85 0.12 0.30 0.04 6.84
Autonomy| 0.60 0.11 0.22 0.04 5.17
Autonomy?2 1.16 0.15 0.54 0.07 7.57
Autonomy3 0.88 0.13 0.31 0.05 6.87
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Table 18 (cont’d)

Engagementl 0.40 0.07
Engagement2 0.33 0.07
Engagement3 0.24 0.07
Costl 1.17 0.13
Cost2 1.27 0.20
Cost3 0.85 0.17
Cost4 0.94 0.17

Factor Variances

Perceived Teacher Autonomy Support 1.82 0.19
Autonomy Need Satisfaction 2.16 0.20
App Engagement 2.13 0.16
Perceived Opportunity Cost 0.86 0.15
Covariances

Perceived Teacher Autonomy Support

Autonomy Need Satisfaction 1.60 0.17

App Engagement 1.43 0.14

Perceived Opportunity Cost —0.28 0.11
Autonomy Need Satisfaction

App Engagement 1.56 0.16

Perceived Opportunity Cost —0.48 0.12
App Engagement

Perceived Opportunity Cost —0.44 0.11

0.16
0.13
0.10
0.58
0.52
0.41
0.38

1.00
1.00
1.00
1.00

0.81
0.72
—0.22

0.73
—0.35

—0.33

0.03
0.03
0.03
0.06
0.08
0.08
0.07

0.04
0.04
0.08

0.05
0.08

0.07

5.39
4.30
3.69
9.31
6.87
5.03
5.39

19.02
20.02
—2.75

14.97
—4.66

—4.65
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Figure 22 Four-factor measurement model. Covariances are not shown for simplicity.
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The findings in Table 19 also confirmed the strong reliability and validity of the four-factor
measurement model. The w values exceeded the recommended threshold of .70 for all latent
variables, indicating good construct reliability. Convergent validity was supported by AVE,
which surpassed the .50 threshold for all constructs. Additionally, perceived teacher autonomy
support, autonomy need satisfaction, and app engagement were positively correlated with one
another, while all four latent variables showed negative correlations with perceived opportunity
cost. The square roots of AVE were consistently higher than the correlations with other
constructs, confirming discriminant validity. These results collectively provide robust evidence
for the hypothesized factor structure and unidimensionality of the four latent variables.

Table 19 Reliability and validity of the measurement model

[0 AVE 1 2 3 4

1. Perceived Teacher Autonomy Support .89 .69 .83

2. Autonomy Need Satisfaction .85 .66 .80 81
3. App Engagement 95 .87 T2 73 .93
4. Perceived Opportunity Cost .82 .54 -22 =35 -33 73

Note. The shaded values represent the square roots of the AVE for each latent variable. The
correlations between latent variables are listed below the shaded diagonal.

As indicated in Table 20, measurement invariance was also established across class groups
taught by two teachers. All tested invariance models demonstrated good global fit, and the non-
significant chi-square difference test results between models (ps > .05) indicated that the
configural, weak, strong, and strict invariance models were retained. These findings confirm that

the constructs were interpreted and perceived equally across the two teacher class groups.
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Table 20 Invariance (multi-group) models across class groups taught by two teachers

RMSEA 90% CI

Model P df p Ay? Adf p CFI  TLI RMSEA SRMR
LB UB
Configural 292.17 142  <.001 96 95 08 005  0.09  0.05
Weak  304.63 152 <.001 12.72 10 0.24 96 95 07 005  0.09 0.6
Strong  310.55 162 <.001  6.28 10 0.79 96 96 07 005  0.09 0.6
Strict 32737 176 <.001  9.85 14 0.77 96 96 07 004  0.08 0.6
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Structural Model of Mediation for Research Questions 1 to 5

Proposed vs. Alternative Models

As illustrated in Figure 23, I compared the two competing models to reduce confirmation bias. In
the originally proposed model, app engagement precedes app usage, which predicts learning
gains (i.e., app engagement — app usage — learning gains). In the alternative model, app usage
precedes app engagement, which predicts learning gains (i.e., app usage — app engagement —
learning gains).

A. Proposed Model

Autonomy +

Need En ? I:aIr)’nent
Satisfaction gag
+ + + +
Teacher + +
Autonomy App Usage Learning Gain
Support
N Perceived - Non-App
Opportunity English
Cost Learning
(covariate)
B. Alternative Model
Autonomy n
Need App Usage
Satisfaction
+ + + +
Teacher + +
Autonomy E App ¢ Learning Gain
Support ngagemen
N Perceived - Non-App
Opportunity English
Cost Learning
(covariate)

Figure 23 Proposed and alternative models.
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The results of the model comparison in Table 21 reveal that the proposed model, with app
engagement predicting app usage, explained more variance in app usage (i.e., 18.8%) and
learning gains (i.e., 8.1%), with lower information criterion values (i.e., AIC, BIC, SABIC)
compared to the alternative model. Therefore, the proposed model was retained for further
analysis.

The proposed structural model demonstrated good global fit to the data, as evidenced by
scaled y*(112) = 230.44, p <.001, CFI1 = .95, TLI = .95, RMSEA = .07 (90% CI [.06, .08]), and
SRMR = .07. As shown in Table 22, the model’s local fit was supported by the minimal

proportion of significant normalized residuals exceeding £2.0: eight out of 153 total cases.
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Table 21 Comparison between the proposed and the alternative models

RMSEA 90% CI
Model X df )% AIC BIC SABIC CFI TLI RMSEA SRMR
LB UB

Proposed 23044 112 <.001 15998.36 16139.85 16013.04 .96 .95 .07 .06 .08 .07

Alternative  239.76 112 <.001 16008.28 16149.78 1602297 95 .94 .07 .06 .09 .06
Variance Explained (%)
Austgg(s)t{:(};tgﬁed App Engagement Opplzzﬁflli\t/;(éos ¢ App Usage Learning Gains

Proposed 66.5% 66.5% 7.1% 18.8% 8.1%

Alternative 66.4% 68.3% 6.5% 14.1% 4.7%

Note. AIC = Akaike information criterion; BIC = Bayesian information criterion; SABIC = Sample-size adjusted Bayesian criterion.
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Table 22 Normalized residuals for a structural model: local fit

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 0.00

2 094 0.00

3 049 -1.12 0.00

4 038 -0.01 042 0.00

5 -1.07 -031 046 034 0.00

6 -032 092 -0.80 121 037 0.00

7 029 -0.19 124 056 -0.06 -040 0.00

& 008 -054 248 050 024 -0.67 0.75 0.00

9 -032 -1.04 253 -032 -0.09 -1.02 -0.04 0.00 0.00

10 -0.66 -126 274 0.08 0.12 -092 037 -0.05 0.03 0.00

11 -0.76 029 -0.85 -035 -149 -0.54 -124 -1.53 -230 237 0.00

12 -0.15 059 -1.00 1.13 -0.14 -044 -1.14 -1.13 -1.10 -1.77 -0.13 0.00

13 132 111 -041 051 -1.03 -054 -1.79 -1.17 -130 -1.87 -0.10 0.21 0.00

14 042 051 -044 089 -187 -1.08 -1.65 -1.51 -1.69 241 0.14 -0.19 0.02 0.00

15 -042 -1.15 153 037 047 -025 0.13 -0.04 001 081 -0.18 -1.05 0.13 -0.90 0.04

16 057 043 252 187 184 18 240 155 141 152 066 127 020 0.78 0.07 0.02
17 045 -033 067 095 1.12 010 147 158 172 166 -1.72 -0.15 -0.59 0.03 0.85 029 0.00

Note. Residual values within the range of +2.0 are acceptable; Items 1 to 4 = Support 1 to 4; Items 5 to 7 = Autonomy 1 to 3; Items 8
to 10 = Engagement 1 to 3; Items 11 to 14 = Cost 1 to 4; Item 15 = App usage time; Item 16 = Learning gains; Item 17 = Non-app
English learning experiences.
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Tables 23 and 24 present direct and indirect path coefficients from robust maximum likelihood

estimation for the proposed structural model, respectively. Figure 24 demonstrates the proposed

mediation model with standardized path coefficients, where solid and dashed lines indicate

significant and non-significant paths at the p < .05 level, respectively. Each path is discussed in

relation to its corresponding latent variables.

Table 23 Robust maximum likelihood estimates for a structural model: direct effects

95% CI
Direct Effect Path b* SE z p
UL LL

AutonomyNeed g7 74 90 04 1992 <.001

Satisfaction
Perceived

. . . A2 46 <.001

Teacher App Engagement .42 18 66 3.46 00
Autonomy Perceived
Support Opportunity Cost =27  -42 -11 08  -338 <.001

App Usage .07 —-.08 21 .08 0.87 .38

44 .1 . .1 : <.001

Autonomy Need App Engagement 8 69 3 3.35 00
Satisfaction App Usage 05 —09 19 07 072 47
App App Usage 26 13 39 07 392 <.001
Engagement ' ' ' ' ' '
Perceived App Usage ~18 -27 —09 .05 383 <.00l
Opportunity Cost bp & ' ' ' ' ' '
App Usage Learning Gains .28 13 43 .08 3.68 <.001
Non—-App . . B
English Learning Learning Gains .06 .02 .14 .04 1.41 .16

61



Table 24 Robust maximum likelihood estimates for a structural model: indirect effects

95% CI
Mediation Path b* SE z )%
UL LL
T>A—>E .36 15 .56 0.11 3.32 .00
T>A—->U .04 -.07 15 0.06 0.72 47
T->E->U A1 .03 19 0.04 2.65 .01
T->A—->E->U .09 .02 17 0.04 2.50 .01
T->C->U .05 .01 .08 0.02 2.57 .01

Note. T = Perceived teacher autonomy support; A = Autonomy need satisfaction; E = App
engagement; C = Perceived cost opportunity; U = App usage; G = Learning gains.

The proportion of variance explained (R?)
* Autonomy Need Satisfaction: .665
* App Engagement: .665

Autonomy 435 * Perceived Opportunity Cost: .071

Need \ E App ; * App Usage: .188
Satisfaction ngagemen * Learning Gain: .081
815 421 T~ 050 262
Teacher 066 278
Autonomy f—————————————————————————— " App Usage Learning Gain
Support
F
.056 |
—267 . —177 :
Perceived Non-App
Opportunity English
Cost Learning
(covariate)

Figure 24 Moderation model. Error terms are not shown for simplicity.
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Effects of Perceived Teacher Autonomy Support

Perceived teacher autonomy support positively affected autonomy need satisfaction (b* = .815,
95% CI [.735, .896], p <.001) and app engagement (b* = .421, 95% CI [.182, .659], p = .001),
supporting Hypotheses 1a and 1b, respectively. However, there was no direct effect of teacher
autonomy support on app usage (b* =.066, 95% CI [-.082, .214], p = .383), rejecting
Hypothesis lc. These findings indicate that learners who perceive teachers’ instructional
behaviors as autonomy-supportive tend to exhibit higher levels of personal ownership in app
usage and greater app engagement. However, this perception of teacher autonomy support does
not directly result in increased app usage.

Additionally, teacher autonomy support negatively affected perceived opportunity cost of
app usage (b* =—-.267, 95% CI [-.421, —.112], p = .001), supporting Hypothesis 1d. This finding
indicates that learners who perceive greater teacher autonomy support are less likely to view app
usage as a trade-off with other valuable learning activities.

Effects of Autonomy Need Satisfaction

Autonomy need satisfaction had a positive effect on app engagement (b* = .435, 95% CI
[.181,.690], p = .001), but its effect on app usage was not significant (b* = .050, 95% CI
[-.086, .185], p = .472). These findings support Hypothesis 2a but reject Hypothesis 2b,
respectively. These findings indicate that while learners who experience higher volition in app-
based language learning are more likely to engage with the app, they do not necessarily
demonstrate greater app usage.

Autonomy need satisfaction mediated the effect of teacher autonomy support to app
engagement (i.e., teacher autonomy support — autonomy need satisfaction — app engagement)

(b* = .355, 95% CI [.146, .564], p = .001), supporting Hypothesis 2c. However, autonomy need
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satisfaction did not mediate the effect of teacher autonomy support to app usage (i.e., teacher
autonomy support — autonomy need satisfaction — app usage) (b* =.041, 95% CI

[-.070, .151], p = .473), rejecting Hypothesis 2d. These findings indicate that learners who
perceive greater teacher autonomy support are more likely to experience higher levels of
autonomy need satisfaction, which, in turn, enhances their app engagement. However, the same
effect was not observed for app usage.

Effects of App Engagement

App engagement positively affected app usage (b* =.262, 95% CI [.131, .393], p <.001). This
finding supported Hypothesis 3a, indicating that learners with higher levels of app engagement
tend to display greater app usage.

App engagement mediated the effect of teacher autonomy support to app usage (i.e.,
teacher autonomy support — app engagement — app usage) (b* =.110, 95% CI [.029, .191], p
=.008). In a serial mediation (i.e., teacher autonomy support — autonomy need satisfaction —
app engagement — app usage), app engagement mediated the indirect effect of autonomy need
support transmitted through autonomy need satisfaction on app usage (b* =.093, 95% CI
[.020, .166], p = .012). These findings support Hypotheses 3b and 3¢, respectively, indicating
that learners who perceive teachers’ instructional behaviors as autonomy-supportive are more
likely to engage with the app, which subsequently contributes to higher app usage, both directly
and through enhanced autonomy need satisfaction (i.e., a sense of volition and self-endorsement

in initiating and regulating their app usage beyond the classroom).

64



Effects of Perceived Opportunity Cost
Perceived opportunity cost negatively affected app usage (b* =—.177, 95% CI [-.267, —.086], p
<.001), supporting Hypotheses 4a. This finding indicates that learners who perceive a higher
opportunity cost—greater time and effort involved in app usage—are less likely to use it.
However, perceived opportunity cost mediated the effect of teacher autonomy support to
app usage (i.e., teacher autonomy support — perceived opportunity cost — app usage) (b*
=.047,95% CI [.011, .083], p = .010), supporting Hypothesis 4b. This finding indicates that
learners who perceive greater teacher autonomy support are likely to view app usage as less of
an opportunity cost, which, in turn, increases app usage.
Effect of App Usage
App usage had a positive effect on L2 learning gains (b* =.278, 95% CI [.130, .427], p <.001)
after controlling for non-app English learning experiences as a covariate (b* = .056, 95% CI
[-.022, .135], p = .158). This finding supported Hypothesis 5, indicating that learners who use
the app more tend to achieve higher L2 learning gains, regardless of their non-app English
learning experiences.
Summary of the Findings
Table 25 presents the summary of the findings. Instead of having a direct effect on app usage,
perceived teacher autonomy support indirectly impacted it by enhancing autonomy need
satisfaction and app engagement (i.e., full mediation). Additionally, higher perceived
opportunity cost decreased app usage, but teacher autonomy support mitigated this negative
effect. The four variables collectively explained about 18.8% of the variance in app usage,

indicating a medium-large effect size. In turn, app usage was a significant predictor of
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vocabulary learning gains, explaining about 8.1% of its variance—a medium effect size—even

after controlling for non-app English learning experiences beyond the classroom.

Table 25 Summary of the findings

Hypothesis Finding Meaning
la Supported  Positive effect of teacher support on autonomy need satisfaction
1b Supported  Positive effect of teacher support on app engagement
Ic Rejected Effect of teacher support on app usage not found
1d Supported  Negative effect of teacher support on opportunity cost
2a Supported  Positive effect of autonomy need satisfaction on app engagement
2b Rejected Effect of autonomy need satisfaction on app usage not found
2c Supported  Mediation of autonomy need satisfaction to app engagement
2d Rejected Mediation of autonomy need satisfaction to app usage not found
3a Supported  Positive effect of app engagement on app usage
3b Supported  Mediation of app engagement to app usage
3c Supported  Serial mediation of app engagement to app usage
4a Supported  Negative effect of opportunity cost on app usage
4b Supported =~ Mediation of opportunity cost to app usage
5 Supported  Positive effect of app usage on L2 learning gains

Cluster Analysis: Two Types of Initial English Learning Motivation

As shown in Figure 25, nine of 24 clustering validity indices suggested that the optimal number

of clusters was two, representing distinct initial L2 motivational orientations among young

beginners in South Korea. Following the majority rule, I applied the two-cluster solution to

hierarchical k-means clustering. The clusters in Figure 26 contain 117 and 137 learners,

respectively.
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Validation Indices

Figure 25 Optimal number of clusters for each validation index.
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®Cluster 1 (n = 117)
AlCluster 2 (n = 137)

Principal Component 2 (25.2%)
o
[ J
>
N

4 2 0 2 4 6
Principal Component 1 (45.7%)

Figure 26 Results of hierarchical k-means clustering with two-cluster solution.

Table 26 and Figure 27 summarize the means and 95% confidence intervals for the
corresponding motivational constructs. Cluster 1 displayed positive responses in intrinsic and
integrated motivation (i.e., *Autonomous), whereas Cluster 2 showed lower responses to these
variables (i.e., —Autonomous). It is noteworthy that both clusters showed high levels of identified
and external motivation (i.e., +Controlled), with relatively weaker introjected motivation.
Additionally, Cluster 2 showed relatively higher amotivation for English learning. Taken
together, Cluster 1 displays a balance of autonomous and controlled motivation for English
learning, while Cluster 2 is predominantly driven by controlled motivation, with less reliance on
autonomous reasons. I therefore labeled Cluster 1 as the +Autonomous/+Controlled motivation

group, and Cluster 2 as the —Autonomous/+Controlled motivation group.
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Table 26 Descriptive statistics of English learning orientation scale by L2 motivation group

95% CI
Group Scale Mean SD  SE  Median Min. Max.
LL UL
Intrinsic 428 4.08 449 1.10 0.10 4 1 6
Integrated 426 4.09 444 096 0.09 4.25 1 6
+Autonomous/  |dentified 516 505 528 0.62 0.06 5 3.67 6
+Controlled
(n=117) Introjected 372 350 394 1.19 0.11 3.75 1 6
External 446 429 463 094 0.09 4.50 1.25 6
Amotivation 1.72 1.60 1.83 0.62 0.06 1.67 1 33
Intrinsic 223 210 237 0.80 0.07 2.33 1 4
Integrated 292 276 3.08 0.93 0.08 3 1 5
—Autonomous/  [dentified 403 386 421 1.03 0.09 4 1 6
+Controlled
(n=137) Introjected ~ 3.27 3.07 347 116 0.10 325 1 6
External 423 4.07 439 097 0.08 4.25 1 6
Amotivation 3.08 2.92 325 0.99 0.08 3 1 5.67
6
®Cluster 1: +Autonomous/+Controlled (n = 117)
®Cluster 2: -Autonomous/+Controlled (n = 137)
5
, ° @
9o
S
n
3
2
1
Intrinsic Integrated Identified Introjected External Amotivation

Figure 27 Two groups of English learning orientation: means and 95% confidence intervals.
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Descriptive Statistics by L2 Motivation Group

Perceived Teacher Autonomy Support and Autonomy Need Satisfaction

Tables 27 and 28 present the mean scores for perceived teacher autonomy support and autonomy
need satisfaction for app-based language learning out of class. As illustrated in Figure 28a, the
+Autonomous/+Controlled motivation group reported higher levels of perceived teacher support
across all scale items. However, overlapping 95% confidence intervals in autonomy need
satisfaction in Figure 28b indicate less pronounced group differences.

Table 27 Descriptive statistics of perceived teacher autonomy support by L2 motivation group

95% CI
Group Item Mean SD SE  Median Min. Max.
LL UL
Supportl 426 399 454 1.51 0.14 5 1 6
+Autonomous/ Support2 441 416 4.66 136 0.13 5 1 6
+Controlled
(n=117) Support3 350 3.18 383 1.79 0.17 3 1 6
Support4 421 391 452 1.65 0.15 5 1 6
Supportl 369 343 395 153 0.13 4 1 6
—Autonomous/ Support2 3.85 359 410 151 0.13 4 1 6
+Controlled
(n=137) Support3 321 294 349 162 0.14 3 1 6
Support4 365 336 394 169 0.14 4 1 6
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Table 28 Descriptive statistics of autonomy need satisfaction by L2 motivation group

95% CI
Group Item Mean SD  SE  Median Min. Max.
LL UL
Autonomyl  3.97 3.65 428 1.71 0.16 5 1 6
+Autonomous/
+Controlled Autonomy2  4.56 430 481 1.41 0.13 5 1 6
(n=117) Autonomy3  3.58 326 390 173 0.6 4 1 6
Autonomyl  3.72 345 400 1.62 0.14 4 1 6
—Autonomous/
+Controlled Autonomy2  4.04 3.79 429 149 0.13 5 1 6
=1
(n=137) Autonomy3  3.25 297 353 1.64 0.14 3 1 6
\ A. Perceived Teacher Autonomy Support B. Autonomy Need Satisfaction
61 ®-+Autonomous/+Controlled (n = 117)

®_Autonomous/+Controlled (n = 137)

Scale

Support1 Support2 Support3 Support4 Autonomy1 Autonomy?2 Autonomy3

Figure 28 Perceived teacher autonomy support and autonomy need satisfaction by L2
motivation group: means and 95% confidence intervals.

App Engagement

Table 29 and Figure 29 display the mean scores for app engagement beyond the classroom
across four engagement constructs. Overall, the +Autonomous/+Controlled motivation group
reported higher levels of app engagement across all scale items, with only a small number of

95% confidence intervals overlapping.
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Table 29 Descriptive statistics of app engagement by L2 motivation group

95% CI
Group Item Mean SD  SE  Median Min. Max.
LL UL

BE1 315 283 346 1.71 0.16 3 6
BE2 361 329 393 1.75 0.16 4 6
BE3 3.67 334 399 1.76 0.16 4 6
EE1 350 3.19 3.80 1.67 0.15 4 6
EE2 366 336 396 1.65 0.15 4 6

+Autonomous/ EE3 364 333 395 1.67 0.15 4 6

+Controlled

(n=117) CEl 379 351 4.08 1.58 0.15 4 6
CE2 337 3.07 3.66 1.61 0.15 3 6
CE3 309 280 339 1.61 0.15 3 6
AE1 326 295 356 1.66 0.15 3 6
AE2 330 3.00 3.60 1.63 0.15 3 6
AE3 357 326 388 1.69 0.16 4 6
BE1 267 240 294 1.59 0.14 2 6
BE2 298 270 326 1.66 0.14 3 6
BE3 313 286 341 163 0.14 3 6
EE1 269 245 294 143 0.12 2 6
EE2 289 264 3.14 148 0.13 3 6

—Autonomous/ EE3 288 263 3.12 143 0.12 3 6

+Controlled

(n=137) CEl 319 292 346 1.58 0.14 4 6
CE2 283 258 3.09 150 0.13 3 6
CE3 261 235 286 149 0.13 2 6
AE1 265 239 290 1.51 0.13 2 6
AE2 2.83 257 3.09 153 0.13 3 6
AE3 291 265 3.18 1.57 0.13 3 6
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6/ @®+Autonomous/+Controlled (n = 117)
®-Autonomous/+Controlled (n = 137)

Scale

BE1 BE2 BE3 EE1 EE2 EE3 CE1 CE2 CE3 AE1 AE2 AE3
Figure 29 App engagement by L2 motivation group: means and 95% confidence intervals. The
acronyms BE, EE, CE, and AE represent behavioral, emotional, cognitive, and agentic
engagement, respectively.

Non-App English Learning Experiences and Perceived Opportunity Cost

Table 30 presents the mean scores for non-app English learning experiences out of class. Higher
scores indicate greater and more intensive involvement in English skill sets. Among young
beginners, listening emerged as the most frequently practiced activity beyond the classroom,
while speaking, pronunciation and writing skills were the least practiced. Although the
+Autonomous/+Controlled motivation group showed overall higher levels of learning activities,
Panel A in Figure 30 reveals substantial overlap in 95% confidence intervals, suggesting no
significant differences in non-app English learning patterns between the two L2 motivation
groups.

Panel B in Figure 30 and Table 31 show the mean scores for perceived opportunity cost

of app usage. Overall, both groups perceived a similar level of opportunity cost across all scale

items, with mean values ranging between 3 and 4, further indicating a comparable proportion of
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learners who viewed app usage as involving a significant loss of valued alternatives and those
who did not.

Table 30 Descriptive statistics of non-app English learning experiences by L2 motivation group

95% CI
Group Skill ~ Mean SD SE  Median Min. Max.
LL UL

R 19.68 14.16 25.19 30.10 2.78 9 0 189
L 23.64 1742 2986 3396 3.14 12 0 189
w 1393 888 1899 2761 2.5 0 0 189

+Autonomous/
+Controlled S 13.15 8.19 18.10 27.07 2.50 0 0 189
(n=117) G 13.79  8.81 18.78 2721 2.52 0 0 189
\Y% 19.26 13.47 2507 31.67 293 6 0 189
P 11.74 6.62 1685 2795 2.58 0 0 189
R 1293 949 1637 2036 1.74 0 0 127
L 19.94 1526 2462 2770 2.37 0 0 146
w 9.60 6.67 12.52 17.31 1.48 0 0 114

—Autonomous/
+Controlled S 7.82 5.04 10.60 16.44 1.40 0 0 120
(n=137) G 1258 853 1664 2400 2.05 0 0 142
\Y% 14.38 10.63 18.13 22.18 1.89 0 0 114
P 9.18 5.94 12.42 19.17 1.64 0 0 114

Note. R = Reading; L = Listening; W = Writing; S = Speaking; G = Grammar; V = Vocabulary;
P = Pronunciation.
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A. Non-App English Learning Experience B. Percieved Opportunity Cost
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Figure 30 Non-app English learning experiences and perceived opportunity cost by L2
motivation group: means and 95% confidence intervals. R = Reading; L = Listening; W =
Writing; S = Speaking; G = Grammar; V = Vocabulary; P = Pronunciation.

Table 31 Descriptive statistics of perceived opportunity cost by L2 motivation group

95% CI
Group Item Mean SD  SE  Median Min. Max.
LL UL
Costl 285 262 3.09 131 0.12 3 1 6
+Autonomous/ Cost2 374 346 401 153 0.14 4 1 6
+Controlled
(n=117) Cost3 322 298 347 134 0.12 3 1 6
Cost4 3.00 272 328 155 0.14 3 1 6
Costl 334 3.09 359 149 0.13 3 1 6
—Autonomous/ Cost2 376 349 403 162 0.14 4 1 6
+Controlled
(n=137) Cost3 350 324 375 152 0.13 3 1 6
Cost4 332 3.05 359 161 0.14 3 1 6
App Usage

As demonstrated in Figure 31, two L2 motivation groups showed similar repetitive fluctuations

overall, with no significant differences in the patterns of app usage between them. The red trend
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line indicating the average cumulative app usage over time in Figure 32 also reveals similar

patterns across the two L2 motivation groups.

A. +Autonomous/+Controlled B. -Autonomous/+Controlled
201
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Figure 31 Daily total app usage by L2 motivation group.

A. +Autonomous/+Controlled B. -Autonomous/+Controlled

20,
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Figure 32 Individual cumulative app usage over time by L2 motivation group.
Table 32 presents the total app usage time by L2 motivation group. On average, the
+Autonomous/+Controlled motivation group used the app for 1.76 hours (95% CI [1.32, 2.21]),

while the —Autonomous/+Controlled motivation group used it for 1.55 hours (95% CI [1.16,
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1.93]). However, the mean values of both groups were skewed toward the lower end due to a
subset of learners with minimal app usage, as shown in Figure 33. Notably, on average, the top
10% of learners of each group used the app for 7.36 hours (95% CI [4.72, 10.00]) and 6.72 hours
(95% CI [4.29, 9.15]) in the +Autonomous/+Controlled and —Autonomous/+Controlled
motivation groups, respectively.

Table 32 Descriptive statistics of app usage by L2 motivation group

95% CI
Group Mean SD SE  Median  Min. Max.
LL UL

A. +Autonomous/+Controlled motivation group

All (n=117) 1.76 1.32 2.21 241 0.22 1.01 0 19.70
Top 10% (n=12)  7.36 4.72 10.00  4.16 1.20 5.94 4.51 19.70

B. —Autonomous/+Controlled motivation group

All (n=135) 1.55 1.16 1.93 2.27 0.19 0.98 0 16.74
Top 10% (n=14) 6.72 4.29 9.15 4.21 1.12 4.65 3.63 16.74

A. +Autonomous/+Controlled B. -Autonomous/+Controlled
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Figure 33 Distribution of app usage data by L2 motivation group.
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Meaning Recall Test

Table 33 and Figure 34 present the results of the meaning recall test. While the
+Autonomous/+Controlled motivation group showed a tendency to know more target words than
the —Autonomous/+Controlled motivation group on the pretest, both groups demonstrated
improvement on the posttest. The mean gain score for the +Autonomous/+Controlled motivation
group was 4.90 (95% CI [4.05, 5.75]), which was higher than that of 2.99 (95% CI [2.30, 3.69])
for the —Autonomous/+Controlled motivation group.

Table 33 Descriptive statistics of meaning recall test by L2 motivation group

95% CI
Group Time  Mean SD SE  Median  Min. Max.
LL UL

A. +Autonomous/+Controlled motivation group

All Pretest 6.88 5.91 7.85 5.31 0.49 7 0 23
(n=117) Posttest 11.78 1040 1320 7.54  0.70 11 0 28
Top 10%  Pretest 9.25 6.14  12.36 4.9 1.41 8.50 2 16
(n=12)  Posttest 1858 1437 2280 6.64 1.92 19 6 28
B. —Autonomous/+Controlled motivation group

All Pretest 4.53 3.71 5.35 4.85 0.41 3 0 19
(n=137) Posttest 7.53 6.40 8.65 6.68 0.57 6 0 25
Top 10%  Pretest 3.5 1.07 593 4.2 1.12 2.50 0 14
(n=14) Posttest 8.36 4.23 1248  7.14 1.91 7 0 21
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Figure 34 Meaning recall test scores by L2 motivation group: means and 95% confidence
intervals.

Multi-Group Measurement Model

The four-factor multi-group measurement model, incorporating the two L2 motivation groups,
demonstrated robust global fit (scaled y*(160) = 249.55, p <.001; CFI = .96; TLI = .95; RMSEA
=.07,90% CI [.05, .09]; SRMR = .05). As for each L2 motivation group, local fit was supported
with only four cases showing residuals exceeding +2.0 (see Tables 34 and 35, respectively for
each L2 motivation group). Additionally, all standardized factor loadings were significant (p
<.001) and consistently high across items, with the lowest loading being .56 for Cost 1 in the
+Autonomous/+Controlled motivation group (see Tables 36 and 37, respectively for each L2

motivation group).
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Table 34 Normalized residuals for a measurement model: local fit of the +Autonomous/+Controlled motivation group

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Supportl 0.00

2. Support2 035 0.00

3. Support3 -0.28 -0.72 0.00

4. Support4 -0.13 0.01 0.22 0.00

5. Autonomy1 -0.73 027 0.82 027 0.00

6. Autonomy?2 -0.01 093 0.75 0.68 0.10 0.00

7. Autonomy3 -033 039 1.62 020 0.11 -0.53 0.00

8. Engagementl -0.14 -050 2.04 -053 -0.67 -052 0.06 0.00

9. Engagement2  -0.07 -0.65 144 -0.32 -0.01 -0.10 0.05 0.17 0.00

10. Engagement3 020 -0.13 1.65 -0.23 0.04 028 025 -0.04 -0.04 0.00

11. Costl -099 061 -148 -127 -1.18 -0.89 081 -1.05 -0.83 -1.28 0.00

12. Cost2 -1.17 -0.10 -0.77 0.03 0.72 -052 -0.22 -0.56 -026 -0.15 0.13 0.00

13. Cost3 011 120 -1.09 035 053 063 036 003 050 022 -043 040 0.00

14. Cost4 026 054 -0.05 005 -052 006 0.11 058 040 0.19 0.18 -041 0.09 0.00

Note. Residual values within the range of +2.0 are acceptable.
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Table 35 Normalized residuals for a measurement model: local fit of the —Autonomous/+Controlled motivation group

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Supportl 0.00

2. Support2 0.56  0.00

3. Support3 -0.14 -0.75 0.00

4. Support4 —0.44 022 0.85 0.00

5. Autonomy1 -0.69 -0.16 0.24 0.50 0.00

6. Autonomy?2 -0.61 0.12 -1.57 1.04 032 0.00

7. Autonomy3 0.11 022 068 097 -021 -0.01 0.00

8. Engagementl —-0.64 086 181 -058 -020 -1.87 -0.08 0.00

9. Engagement2 0.17 053 250 08 120 -0.73 046 -0.05 0.00

10. Engagement3 -0.52 -0.80 1.77 021 041 -1.18 -0.20 0.09 -0.07 0.00

11. Costl -034 074 041 038 043 141 032 -0.13 -032 0.18 0.00

12. Cost2 -0.13 0.04 -146 056 050 085 -0.15 0.16 -039 0.75 -0.12 0.00

13. Cost3 .13 001 -025 -020 -022 0.10 -1.17 -0.16 023 0.17 022 0.02 0.00

14. Cost4 -0.22 -031 -127 056 -026 -0.02 -0.64 -052 -049 0.15 -0.02 0.14 -0.20 0.00

Note. Residual values within the range of +2.0 are acceptable.

81



Table 36 Robust maximum likelihood estimates for a four-factor measurement model of the
+Autonomous/+Controlled motivation group

Parameter b SE b* SE z
Factor Loadings

Perceived Teacher Autonomy Support

Supportl 1.00 0.88 0.04 22.03

Support2 0.91 0.08 0.89 0.05 17.32

Support3 1.01 0.09 0.75 0.04 18.10

Support4 1.07 0.06 0.86 0.03 26.05
Autonomy Need Satisfaction

Autonomyl 1.00 0.90 0.03 30.26

Autonomy?2 0.60 0.10 0.66 0.08 8.33

Autonomy3 0.98 0.06 0.87 0.04 24.00
App Engagement

Engagementl 1.00 0.89 0.03 31.96

Engagement?2 1.04 0.05 0.93 0.02 39.78

Engagement3 1.08 0.05 0.96 0.02 57.10
Perceived Opportunity Cost

Costl 1.00 0.56 0.07 7.51

Cost2 1.30 0.32 0.62 0.10 6.27

Cost3 1.46 0.30 0.80 0.09 8.68

Cost4 1.65 0.29 0.77 0.06 13.54

Error (Unique) Variances

Supportl 4.27 0.14 2.84 0.23 12.15
Support2 4.41 0.13 3.26 0.30 10.82
Support3 3.50 0.17 1.97 0.11 17.35
Support4 4.21 0.15 2.56 0.20 12.64
Autonomy| 3.97 0.16 233 0.18 12.65
Autonomy?2 4.56 0.13 3.24 0.34 9.67
Autonomy3 3.58 0.16 2.08 0.14 15.35
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Table 36 (cont’d)

Engagementl 3.50 0.15
Engagement2 3.66 0.15
Engagement3 3.64 0.15
Costl 2.86 0.12
Cost2 3.74 0.14
Cost3 3.22 0.12
Cost4 3.00 0.14

Factor Variances

Perceived Teacher Autonomy Support 1.75 0.30
Autonomy Need Satisfaction 2.34 0.31
App Engagement 2.18 0.25
Perceived Opportunity Cost 0.53 0.18
Covariances

Perceived Teacher Autonomy Support

Autonomy Need Satisfaction 1.67 0.26

App Engagement 1.48 0.22

Perceived Opportunity Cost —0.24 0.14
Autonomy Need Satisfaction

App Engagement 1.79 0.25

Perceived Opportunity Cost —0.43 0.17
App Engagement

Perceived Opportunity Cost —0.34 0.14

2.10
2.23
2.19
2.19
2.46
242
1.94

1.00
1.00
1.00
1.00

0.83
0.76
—0.25

0.79
—0.38

—0.32

0.13
0.15
0.15
0.13
0.14
0.13
0.10

0.06
0.05
0.12

0.06
0.12

0.11

16.13
14.95
14.97
17.08
17.13
18.06
18.66

14.95
15.75
-2.07

12.31
-3.34

-2.89
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Table 37 Robust maximum likelihood estimates for a four-factor measurement model of the —
Autonomous/+Controlled motivation group

Parameter b SE b* SE z
Factor Loadings

Perceived Teacher Autonomy Support

Supportl 1.00 0.86 0.04 24.47

Support2 1.00 0.05 0.88 0.03 31.61

Support3 0.88 0.07 0.72 0.05 13.59

Support4 1.03 0.06 0.81 0.04 19.77
Autonomy Need Satisfaction

Autonomyl 1.00 0.88 0.04 24.07

Autonomy?2 0.71 0.10 0.69 0.07 9.54

Autonomy3 0.91 0.06 0.79 0.04 19.38
App Engagement

Engagementl 1.00 0.94 0.02 54.73

Engagement?2 1.01 0.05 0.92 0.03 35.51

Engagement3 1.01 0.04 0.95 0.02 43.33
Perceived Opportunity Cost

Costl 1.00 0.70 0.06 11.25

Cost2 1.20 0.15 0.77 0.06 12.60

Cost3 1.10 0.15 0.74 0.07 11.19

Cost4 1.26 0.16 0.81 0.06 12.97

Error (Unique) Variances

Supportl 3.69 0.13 242 0.16 15.13
Support2 3.85 0.13 2.56 0.18 14.00
Support3 3.21 0.14 1.98 0.11 18.62
Support4 3.65 0.14 2.17 0.13 16.42
Autonomy| 3.72 0.14 231 0.15 15.53
Autonomy?2 4.04 0.13 2.72 0.20 13.91
Autonomy3 3.25 0.14 1.98 0.11 18.85
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Table 37 (cont’d)

Engagementl 2.69 0.12
Engagement2 2.89 0.13
Engagement3 2.88 0.12
Costl 3.34 0.13
Cost2 3.76 0.14
Cost3 3.50 0.13
Cost4 3.32 0.14

Factor Variances

Perceived Teacher Autonomy Support 1.74 0.23
Autonomy Need Satisfaction 2.04 0.26
App Engagement 1.79 0.21
Perceived Opportunity Cost 1.06 0.22
Covariances

Perceived Teacher Autonomy Support

Autonomy Need Satisfaction 1.46 0.22

App Engagement 1.16 0.16

Perceived Opportunity Cost —0.23 0.16
Autonomy Need Satisfaction

App Engagement 1.24 0.19

Perceived Opportunity Cost —0.42 0.16
App Engagement

Perceived Opportunity Cost —0.41 0.14

1.89
1.96
2.02
2.26
2.33
2.30
2.07

1.00
1.00
1.00
1.00

0.78
0.66
—0.17

0.65
—0.29

—0.30

0.10
0.10
0.11
0.12
0.14
0.13
0.11

0.07
0.06
0.11

0.07
0.10

0.09

19.83
19.01
19.12
19.28
16.82
18.26
19.17

11.90
11.55
—-1.49

9.35
—2.86

-3.19
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The findings in Table 38 also confirmed the strong reliability and validity of the four-factor
measurement model for each L2 motivation group. The w values exceeded the recommended
threshold of .70 for all latent variables, indicating good construct reliability. Convergent validity
was supported by AVE, which surpassed the .50 threshold for all constructs. Additionally,
perceived teacher autonomy support, autonomy need satisfaction, and app engagement were
positively correlated with one another, while all four latent variables showed negative
correlations with perceived opportunity cost. The square roots of AVE were consistently higher
than the correlations with other constructs, confirming discriminant validity. These results
collectively provide robust evidence for the hypothesized factor structure and unidimensionality
of the four latent variables for both L2 motivation groups.

Table 38 Reliability and validity of the measurement model by L2 motivation group

[0 AVE 1 2 3 4

A. +Autonomous/—Controlled Motivation Group

1. Perceived Teacher Autonomy Support .90 .70 .84

2. Autonomy Need Satisfaction .87 .69 .83 .83
3. App Engagement 95 .86 .76 .79 .93
4. Perceived Opportunity Cost .79 49 -25 =38 -32 .70

B. —Autonomous/—Controlled Motivation Group

1. Perceived Teacher Autonomy Support .89 .67 .82

2. Autonomy Need Satisfaction .84 .63 77 .80
3. App Engagement 95 .87 .66 .65 .93
4. Perceived Opportunity Cost .84 .58 -16 =28 -30 .76

Note. The shaded values represent the square roots of the AVE for each latent variable. The
correlations between latent variables are listed below the shaded diagonal.
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Table 39 shows the results of measurement invariance tests across the two L2 motivation groups.
It was found that only configural and weak invariance models were retained (i.e., p > .05),
meaning that the relationships between the items and the latent construct were equivalent across
two L2 motivation groups. However, strong invariance was not supported (i.e., p = .03),
suggesting that item intercepts differed between the L2 motivation groups.

Consequently, while the +Autonomous/+Controlled motivation group descriptively
showed higher mean scores for perceived teacher support and app engagement than the —
Autonomous/+Controlled motivation group as shown Figures 25 and 26, such mean comparisons
cannot be reliably interpreted as true differences due to the presence of potential group-specific
response bias, which systematically affects observed scores in a particular group apart from
respondents’ true levels on the factor (Kline, 2023).

Therefore, I only compared path coefficients and the structural relationships between the

two L2 motivation groups in the subsequent multi-group structural model.
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Table 39 Invariance (multi—group) models across the L2 motivation groups

RMSEA 90% CI

Model P df p Ay? Adf p CFI  TLI RMSEA SRMR
LB UB
Configural 27541 142 <.001 097  0.96 0.07 005  0.09 0.6
Weak  283.87 152 <.001  9.09 10 52 097  0.96 0.07 005  0.09 0.6
Strong  299.81 162  <.001  19.64 10 03 096  0.96 0.07 005  0.09 0.6
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Multi-Group Structural Model of Moderated Mediation for Research Question 6
In this multi-group structural model, the group variable, L2 motivation, was included as a
moderator in the proposed mediation model shown in Figure 6. To examine differences in path
coefficients between the +Autonomous/+Controlled and the —Autonomous/+Controlled
motivation groups, I first built a constrained model in which the path coefficients were fixed to
be equal across the two L2 motivation groups. Next, I also built an unconstrained model in
which the path coefficients were allowed to vary freely between the groups.

Tables 40 and 41 present the result of the model comparison and its meaning. A chi-
square difference test comparing these two models yielded non-significant results (Ay*>=5.41, p
=.862), suggesting that constraining the path coefficients to be equal did not significantly
worsen model fit (i.e., the strengths and directions of the effects were comparable between the
L2 motivation groups). Therefore, Hypothesis 6 is rejected, indicating that teacher autonomy
support functioned similarly regardless of learners’ L2 motivation types existing prior to app-
based language learning.

Table 40 Result of the constrained and unconstrained model comparison

Model e df AIC BIC Ay Adf )
Constrained ~ 392.94 234 16050 16410
Unconstrained ~ 387.55 224 16064 16460  5.41 10 0.86

Table 41 Summary of the finding

Hypothesis Finding Meaning

Effect of initial L2 motivation on the structural relationships not

6 Rejected found
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DISCUSSION

In this study, I explored the effects of teacher autonomy support on young beginners’ app-based
language learning in a self-study context. Despite overall low app usage, I found that teacher
autonomy support influenced out-of-class app usage in two main ways: (a) by enhancing
autonomy need satisfaction for app usage and (b) by reducing perceived opportunity cost of app
usage. Notably, the study found that these pathways were equally effective for learners with
controlled L2 motivation. These findings are discussed through the lens of self-determination
theory.
Enhancing a Positive Self-Reinforcing Loop by Supporting Intrinsic Motivation
As outlined in SDT (Ryan & Deci, 2017, 2020) and Noels et al.” (2019a) L2 motivation process
model, I found a positive self-reinforcing loop, where teacher autonomy support initiates a series
of interlinked instructional pathways for facilitating app-based language learning beyond the
classroom: teacher autonomy support — autonomy need satisfaction — app engagement — app
usage — L2 learning. That is, learners who perceived teachers’ instructional behaviors as
autonomy-supportive were more likely to experience greater volition and personal ownership in
app usage. This, in turn, enhanced their app engagement and increased their actual app usage out
of class, ultimately leading to improved learning gains. This finding provides empirical support
for Noel et al.’s (2019) framework, highlighting its relevance and applicability to technology-
mediated L2 learning beyond the classroom.

The effects of teacher autonomy support can be attributed to its emphasis on supporting
intrinsic motivation for app-based language learning beyond the classroom (ASIB #2 Inviting
students to pursue their interests, and ASIB #3 Presenting learning activities in need-satisfying

ways, in Reeve & Cheon, 2021). In this study, the teachers supported learners using the app in
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ways that aligned with their personal interests in app-based language learning. Specifically,
learners were encouraged to freely explore app features and activities that piqued their curiosity
and interest (e.g., flashcards, automatic speech recognition, lesson topics) rather than strictly
following predetermined learning paths and goals (e.g., completing all activities in one lesson
before moving to the next). Through this process, learners could experiment with diverse ways
of using the app (e.g., focusing on pronunciation practice with sound wave visualization, reading
grammar notes) and might have felt that their behaviors and decisions were guided by their own
interests, goals, and preferences, fostering a sense of volition and ownership in app-based
language learning beyond the classroom. This sense of choice fuels intrinsic motivation for self-
directed app usage, as learners can engage in in-app activities they find enjoyable and
meaningful. Consequently, these types of teacher autonomy support, which provided learners
with maximal flexibility to engage with the app based on their interest in it, enabled them to
integrate app-based language learning into their intrinsic goal pursuit. This, in turn, may have
created more frequent opportunities for sustained effort and meaningful progress in their learning
through app usage (Reeve, 2022b). To summarize, teacher autonomy support in this study might
have promoted learners’ intrinsic motivation for app-based language learning by fostering a
sense of volition and personal ownership, which in turn empowered them to personalize their
app usage in ways that aligned with their interests in app-based language learning.

These findings may extend beyond the particular app used in this study, highlighting the
critical role of classroom-based teacher autonomy support in facilitating the integration of a
broader range of digital resources into L2 learning beyond the classroom. This is because L2
learning beyond the classroom “does not exclude the classroom but rather connects with it” (p.

563, Reinders & Benson, 2017). Indeed, while many self-study L2 learning tools are readily
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available, learners still expect teacher support for their out-of-class learning (Lai et al., 2016).
Furthermore, to fully benefit from these resources, learners are required to have necessary skills
and experiences to use them effectively (e.g., self-regulated learning in Garcia Botero et al.,
2021). However, since teachers do not directly guide out-of-class learning as they do in the
classroom, this support and relevant training should begin in the classroom. Particularly, for
most young beginner learners, classrooms may serve as the primary and, sometimes, the only
place where they can receive proper need support (Oga-Baldwin, 2022). In the classroom,
teachers can systematically implement diverse instructional strategies that promote students’
intrinsic motivation for technology use—voluntarily engaging with technologies for L2 learning
in ways that bring them inherent satisfactions and joys, rather than using it due to external
pressure. This foundational classroom-based autonomy support may first empower learners to
take personal ownership of their L2 learning with digital tools, further enabling them to benefit
from autonomy need satisfaction through technology use (i.e., resource-based autonomy).
Reducing Perceived Opportunity Cost by Supporting Internalization

Aligned with the expectancy-value(-cost) model (e.g., Eccles & Wigfield, 2020), learners were
less inclined to use the app if they felt that it was not worth the value lost from other important
activities (Hypothesis 4a supported). In South Korea’s high-pressure academic context, this
might be particularly relevant to the heavy reliance on hagwons, which are seen as reliable
investments for test success due to their emphasis on test-prep English learning activities. In
contrast, language learning apps that focus on broader language skills may be perceived as less
relevant for immediate test performance and, therefore, a less effective use of students’ limited
resources (e.g., time, energy). As emphasized in Noels et al.’s (2019a) L2 motivation model,

which situates motivational dynamics in particular socio-structural and socio-cultural contexts
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(as in Figure 1), these findings highlight the importance of considering unique educational
contexts when implementing app-based language learning, where apps must compete with well-
established learning methods.

More importantly, higher levels of perceived teacher autonomy support were associated
with reduced perceived trade-off of using the app (Hypothesis 1d supported). Moreover, the
positive mediation effect of perceived opportunity cost (i.e., the product of two negative
coefficients) suggests that teacher autonomy support may help learners evaluate app usage as
less demanding, thereby making them more likely to use it (Hypothesis 4b supported).
According to SDT, this effect may be due to the role of teacher autonomy support in facilitating
internalization—helping learners discover the value and personal relevance of an activity (ASIB
#4 Providing explanatory rationales, ASIB #5 Acknowledging negative feelings, ASIB #6
Relying on invitational language, and ASIB #7 Displaying patience, in Reeve & Cheon, 2021).
Initially, app-based language learning may have perceived a high opportunity cost since the app
was externally introduced by teachers, rather than emerging from learners’ intrinsic interests.
However, teachers mitigated this sense of opportunity cost by framing the app as a valuable self-
study tool relevant to their English learning goals. Teachers also responded to learners’
challenges during app usage (e.g., technical glitches) and praised their efforts to alleviate
negative feelings (e.g., anxiety, frustration, confusion) that could potentially overwhelm their
volitional motivation for app-based language learning. By lowering perceived opportunity cost,
teachers might create internalization-enabling opportunities that prepare learners motivationally
ready to accept app-based language learning as a self-endorsed practice, further enabling them to

engage with and benefit from it.
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These findings suggest a meaningful intersection between the expectancy-value(-cost)
model and SDT, offering insights into why and how learners choose which technologies for their
L2 learning in self-study settings. The findings also highlight the critical role teachers play in
supporting this decision-making process in relation to the value (and cost) of technology use
within the constraints of local educational contexts.

Controlled Type of L2 Motivation as a Primary Driver in a Test-Driven Context

Diverging from previous studies (e.g., Loewen et al., 2020; Sudina & Plonsky, 2024), this study
did not find clear effects of initial L2 motivation on app-based language learning. This result
might be attributed to different methodological approaches to conceptualizing motivation and
engagement across studies. Specifically, this study adopted the view that motivation represents
the initial desire or intention that energizes learning, whereas engagement is the goal-directed
and purpose-driven enactment of this energy (i.e., the action component of motivation) (Hiver et
al., 2021, 2024; Skinner & Raine, 2022). Engagement, in this framework, refers to the intensity
and quality of what actively involved learners would do (behavioral), feel (affective), think
(cognitive), and how they take an active role (agentic) during the learning process. In this regard,
as posited in Noels et al.’s (2019a) L2 motivational process model, motivation serves as an
antecedent to engagement (see Reschly & Christenson, 2022, for a comprehensive discussion on
the relationship between motivation and engagement). In this context, the questionnaires used to
measure L2 motivation in previous research focused on learning behavior (e.g., I work hard at
studying French/Spanish in Sudina & Plonsky, 2024) or interest (e.g., [ am interested in learning
Spanish in Loewen et al., 2020), aligning more closely with the concept of engagement
(behavior and affective engagement, respectively, in this study) rather than motivation itself. In

contrast, the present study conceptualized L2 motivation within the framework of SDT as
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learners’ willingness to take ownership—the initial desire or intention—distinct from learning in
action. This approach conceptually distinguished motivation from engagement. Consequently,
the different methodological approaches made it challenging to compare the possible effects of
initial L2 motivation on app-based language learning in self-study contexts.

In this study’s context, I identified two types of initial L2 motivation that learners carried
into app-based language learning (i.e., +Autonomous/+Controlled and —
Autonomous/+Controlled), both of which were driven by controlled types of motivation.
Notably, it was initially hypothesized that learners with more autonomous L2 motivation would
benefit more from teacher autonomy support due to its potential advantages in leading to the
enactment of better learning behaviors and greater effort when learners are autonomously
motivated (cf. Reeve, 2022b; Ryan & Deci, 2020). However, I found that teacher autonomy
support was consistently effective regardless of L2 motivation type (Hypothesis 6 rejected).
These findings may reflect unique socio-ecological contexts like South Korea, where English
learning is a high-stakes activity tied to exams and future academic or career opportunities. In
such contexts, controlled motivation often plays a prominent role in driving learning behaviors,
not necessarily undermining the potential for autonomous motivation to co-exist or develop (e.g.,
Al-Hoorie, 2024). Especially for after-early-childhood learners, extrinsic motivation gradually
becomes more prevalent as they progress through school grades, while their intrinsic
motivation—the inherent desire to learn for interest and enjoyment—declines, potentially
limiting the impact of autonomous types of motivation (Lepper et al., 2005; Ryan & Deci, 2017).
Evidence of this observation can be seen in the strong influence of identified motivation—an
autonomous extrinsic form of motivation—on English learning of both L2 motivation groups

(Figure 27). Identified motivation, where learners engage in activities because they recognize
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and value their importance (e.g., Because English helps my personal growth and development),
represents a transitional stage where externally imposed goals (e.g., social expectations, test
scores) begin to align with a learner’s internal values and sense of self. This form of motivation
primarily drives English learning in the Korean context, attenuating the possible advantages of
more autonomous types of motivation.

Nonetheless, the findings highlight the universal applicability and benefits of teacher
autonomy support, even for young learners predominantly driven by controlled motivation—a
group likely to represent a significant portion of learners in typical English classrooms. The
positive impact of teacher autonomy support on students driven by controlled L2 motivation is
particularly critical in facilitating technology-mediated L2 learning beyond the classroom. That
is, teacher autonomy support can help learners consider digital tools as personally meaningful
and relevant resources for effective self-directed L2 learning, fostering a sense of ownership and
volition to use them beyond the classroom. Following that, learners with controlled motivation
can self-create opportunities through technology use to support their autonomy need for L2
learning in general (i.e., resource-based autonomy). Over time, such experiences of autonomy
need satisfaction can gradually shift their L2 motivational orientation, transforming externally
regulated forms of motivation into more autonomous and self-determined types, facilitating a
positive cycle of the L2 motivational process.

Pedagogical Implications

Persistence poses a considerable obstacle to successful app-based language learning in self-study
contexts (e.g., Garcia Botero et al., 2019; Hwang et al., 2024; Jeon, 2022). In this study, only a
small group of learners meaningfully used the app beyond the classroom. This highlights the

importance of understanding how real-world situations (e.g., holidays, school events,
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extracurricular activities) can affect app usage. In this regard, teachers are advised to set realistic
expectations for app-based language learning and determine which learners are most likely to
benefit from these tools.

However, as shown in Panel A in Figure 17, it is promising that the app usage pattern did
not display a steep drop-out phase followed by a consistent decline over time. Instead, app usage
among young beginners displayed more dynamic patterns, with peaks and valleys, indicating that
they repetitively returned to the app after pauses, rather than failing to resume app usage once it
was disrupted. The cyclical phases observed in this study align with the concept of persistence
proposed by Hwang et al. (2024), who defined persistence as a multidimensional process
involving engagement, disengagement, dormancy, and reengagement, not merely maintaining
uninterrupted app usage sessions or days. In this regard, teacher autonomy support may have
played a crucial role in developing learners’ resilience against dropout, thereby enabling them to
make consistent efforts to resume and sustain app usage.

For young learners who may not yet be ready for self-directed learning beyond the
classroom, classroom-based teacher support is essential because simply providing access to apps
does not ensure effective use. When providing such support, it is important that teacher support
avoids taking the form of controlling behaviors that push learners toward specific ways or
outcomes. Instead, teacher support should help learners take ownership of their learning and
must be genuinely perceived and accepted by them. One effective approach is through
autonomy-supportive instructional behaviors, which involve providing structured support (Ryan
& Deci, 2020). Good structure can scaffold learning by setting clear expectations and goals,
maintaining consistent rules and guidelines, and providing positive and efficacy-oriented

feedback. With teacher autonomy support in structure, teachers can help learners gradually
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develop volition and ownership for effective app-based language learning beyond the classroom,
leading to an enhancement of higher engagement (behavioral, affective, cognitive, and
agentic)—both in quantity and quality. For instance, as in He and Loewen (2022), teachers can
encourage learners to make key decisions about app usage, aligning in-app activities with their
personal goals and interests in L2 learning. Engaging learners in meaningful decision-making
processes (e.g., setting realistic app usage goals and schedules), combined with providing
feedback on their goal progress, can lead to greater goal achievement. This process fosters self-
endorsed accountability driven by intrinsic motivation for app-based language learning rather
than externally imposed motives.

Additionally, reducing perceived opportunity cost is also vital for promoting app-based
language learning beyond the classroom. Teachers can present language apps as tools that
complement, rather than compete with or replace, existing learning methods to which learners
are already committed. Instead of expecting learners to use every feature within an app, teachers
can help them focus on specific functions that effectively address gaps in their L2 learning. For
example, learners might use a sound recognition and pattern comparison feature to improve
speaking and pronunciation skills, as these areas are often less practiced with non-app learning
resources (Panel A in Figure 15). By demonstrating how targeted app use contributes to
achieving broader L2 learning goals, teachers can help learners perceive apps as a valuable and
worthwhile investment of their time.

To summarize, effective integration of language learning apps beyond the classroom
requires structured classroom-based teacher autonomy support, including thoughtful planning
and consideration of unique local contexts. More importantly, a single training session is

inadequate and insufficient; instead, it is essential to create an autonomy-supportive learning

98



climate where autonomy support can be delivered consistently and reliably throughout the
semester.
Limitations and Future Directions
The findings of this study come with several limitations. First, while the study explored the role
of teacher autonomy support, it did not directly examine its effect through a structured
intervention design. In this study, two teachers provided the same types of autonomy support in a
similar manner to minimize teacher-related differences for research purposes. However, in real-
world settings, teachers might adopt varying approaches and attitudes toward autonomy support.
Future research could compare the effects of autonomy-supportive teaching styles with
controlling teaching styles. Such a comparison would provide a clearer understanding of the
impact of autonomy-supportive practices on learner engagement and learning outcomes.

Second, despite the positive effects of teacher autonomy support observed in this study,
app usage among learners remained limited overall. One possible explanation for this is that the
participating teachers only received brief training sessions with the author prior to the study. As
shown by Reeve and Cheon (2021), autonomy-supportive teaching is a malleable practice that
can be enhanced through professional development. More intensive training could potentially
increase the teachers’ ability to create an autonomy-supportive climate, thereby boosting
learners’ app usage beyond the classroom to a greater extent. Future research should consider
incorporating such intensive teacher training to explore whether it leads to greater and more
sustained app usage.

Third, this study would benefit from the adoption of a longitudinal design in future
research. While the current study provided valuable insights into the role of teacher autonomy

support, it relied on a single-time measurement of variables, which limits the ability to observe
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changes over time. A longitudinal design, where variables are measured at multiple time points,
could offer a deeper understanding of how the interactions among variables evolve and influence
one another over time. This approach would allow researchers to capture the dynamic
development of these relationships, providing a more comprehensive picture of the long-term
impact of autonomy-supportive teaching on (technology-mediated) L2 learning beyond the
classroom.

Fourth, I applied the Vocabulary Levels Test to include learners at or below the 1,000-
word mastery level. While it is conceivable that including learners with higher proficiency or
applying different inclusion criteria (e.g., using pretest scores as an alternative cutoff) might
offer additional insights, my decision was primarily driven by the goal of maintaining a
homogeneous sample of beginners to ensure that the study focused on true novice populations.
Future research could further examine the relationship between broader ranges of initial
proficiency and learning gains from app-based language learning (e.g., Loewen et al., 2020).

Fifth, future research should employ a broader range of measures to capture the
multifaceted nature of language learning. In this study, learning gains were assessed solely
through meaning-recall tests—a deliberate choice that reflected learners’ agency in choosing
how to engage with the app. Consequently, some participants may have focused solely on
flashcard features while others emphasized pronunciation or listening tasks. To accommodate
these diverse usage patterns, vocabulary knowledge was measured as a key outcome, given its
capacity to cover a broad range of learning activities on the app and its role as a fundamental
component of second language acquisition (Jeon & In’nami, 2022). However, since the focal app
is designed for more than just vocabulary practice, evaluating its impact on comprehensive

language skills—such as pronunciation, orthography, and speaking fluency—beyond mere
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vocabulary growth could provide deeper insights into its overall effectiveness. With additional
resources, future studies could further investigate the app’s influence on other language domains
and compare its potential to enhance diverse competencies with that of more targeted
applications.

Relatedly, in the present study, target words were selected based on the key concepts
associated with each lesson’s topic, ensuring a balanced representation of an average of 5 to 6
words per lesson. This decision was made on the assumption that lessons on the app are designed
to repeatedly expose learners to target words through various examples and activities, as is
typical in English classroom textbooks. Consequently, the lesson content on the app was
expected to provide consistent exposure to and across target words, thereby reducing variability
among learners regardless of individual differences in how they used the app.

However, while this selection method aligns with typical instructional practices and is
ecologically justified, a more systematic approach could offer additional insights into the app’s
effectiveness for vocabulary learning. For instance, incorporating vocabulary-related factors—
such as the frequency of target words in natural language and on the app, as well as their spatial
distribution within the app—might better capture the influence of distinct characteristics of
individual vocabulary items on learning outcomes. Furthermore, examining learning-related
variables—such as the actual number of encounters for each target word and the patterns of user
interaction with the app features and activities—could provide a more nuanced understanding of
vocabulary learning processes and types (e.g., intentional versus incidental vocabulary learning)
in the context of app-based language learning. Although the current study did not directly
address these possibilities, future research incorporating detailed app usage log data could clarify

how specific aspects of app curriculum design interact with learners’ usage experiences to
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influence learning outcomes, thereby guiding the development of more adaptive and effective
language learning apps.

Finally, due to logistical constraints, this study focused solely on learners’ perceptions
rather than directly examining how teacher autonomy support was implemented in the classroom
or how learners responded to it. More direct in-class observations (e.g., Oga-Baldwin et al.,
2017) and qualitative data—such as teacher logs, follow-up interviews, or focus groups with
learners segmented by app usage and motivational profile—could provide a more nuanced
understanding of these dynamics. While the current study focused on learners’ perceived
support, future research should also examine teachers’ perceptions of autonomy support and how
it can be more effectively implemented. For example, it would be useful to investigate whether
incorporating external accountability (e.g., requiring, grading, or rewarding app usage)—which
are common practices in typical classroom settings to ensure minimal engagement in learning
activities—might undermine learners’ autonomy need for technology use (e.g., Al-Hoorie,
2024). Insights from such studies could deepen our understanding of technology integration
beyond the classroom, particularly in educational contexts where controlled motivation often

drives L2 learning.
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CONCLUSION
While language learning apps can facilitate self-directed L2 learning, high attrition rates
challenge their effectiveness in self-study contexts. Grounded in self-determination theory, I
investigated how teacher autonomy support influences app-based language learning beyond the
classroom within South Korea’s test-driven educational context.

Seventh-grade beginner learners used a language learning app for 13 weeks while their
teachers provided various types of autonomy-supportive instructional behaviors to enhance out-
of-class app usage. Mediation and moderated mediation analyses revealed three key findings: (1)
greater app usage predicted vocabulary learning gains; (2) teacher autonomy support indirectly
increased app usage by enhancing learners’ autonomy need satisfaction and reducing perceived
opportunity cost; and (3) teacher support benefited even learners with controlled L2 motivation.
These findings highlight the importance of establishing an autonomy-supportive learning climate

that promotes L2 learners’ self-directed use of technology out of class.
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APPENDIX

Table A1 Perceived teacher autonomy support questionnaire (Korean translation)
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Table A2 Autonomy need satisfaction questionnaire (Korean translation)
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Table A3 App engagement questionnaire (Korean translation)
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Table A4 Perceived opportunity cost questionnaire (Korean translation)

Item Question

Costl B iRf Lio| AZOIN LT B AlZiT} =22 g7sH]}

Cost2 X 8}2 QU= CHE HO| B TR0, Lhs Y0 SR A|ZHO| Tt

Cost3 S YNS TFS| AHBSEY| YU T ol AIZHt 2 S S OfR7} girt

Costd TIE AN| 812{T, Y7} ALRE 4 QUi AIZHO|M T B 242 Z|3|of Shrt

Table AS English learning orientation scale (Korean translation)

Scale  Question
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Table A5 (cont’d)

External Motivation
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Figure A1 Non-app English learning experiences beyond the classroom questionnaire.
Activities
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Figure A1 (cont’d)
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Figure A1 (cont’d)
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Figure A1 (cont’d)
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Figure A1 (cont’d)
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Figure A1 (cont’d)
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