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ABSTRACT  
Artificial intelligence-based interactive scaffolding (AIIS), which is the 
interactive process that learners communicate with AI to learn by 
implementing learning activities with AI’s gradual assistance, has 
recently been reported to provide potential benefits to teachers and 
learners in informal digital learning of English (IDLE). While much 
previous research has focused on the combined effects of AIIS in 
facilitating interactions with teachers, learner peers, and content in 
higher education, this study specifically examined the discrete effects of 
AIIS on secondary students’ speaking performance, goal setting, self- 
evaluation, and motivation, and the developmental trend of goal 
setting, self-evaluation, and motivation in IDLE. Sixty secondary 
students were assigned into the treatment group of interacting with 
AIIS and the control group of observing fixed scaffolding over ten 
sessions in IDLE. Results indicated that the treatment group showed 
more learning gains in vocabulary, goal setting, self-evaluation, and 
motivation than the control group. Moreover, despite the similar 
decline and rise developmental trajectories of goal setting, self- 
evaluation, and motivation, the treatment group dropped less in the 
middle of the sessions. This study adds to the scarce evidence that AIIS 
facilitates secondary students’ speaking learning in IDLE and provides 
theoretical, pedagogical, and research implications for AI-supported 
interactive learning environments.
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As the capacities of artificial intelligence (AI) are growing, AI accompanies the present generation of 
children to grow up. The proliferation of AI conversational agents (e.g. Google Assistant, Amazon 
Alexa, and Apple Siri) embedded in mobile technologies has facilitated the integration of AI into 
our lives. According to National Public Radio (2022), 35% of Americans own a smart home device, 
and this equals 100 million adults with an average of more than two devices per home, of which 
49% acknowledge that the reason for wanting a device in media access is to be used by children. 
Analysts predict that the revenue of smart home devices worldwide will reach a new peak in 
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2029, with 29.65 billion U.S. dollars (Laricchia, 2024). Given this explosive global growth, AI conversa
tional agents, making use of speech recognition and natural language processing, not only provide 
personalized scaffolding to facilitate language learning with adaptive conversational strategies, but 
also support learners’ self-regulated learning skills such as goal setting, self-evaluation, and motiv
ation with interactive scaffolding prompts and affective backchannels (Liu et al., 2021).

The use of AI-based interactive scaffolding (AIIS) in language learning has opened new doors to 
various research foci in human-AI interaction (Gonulal, 2023), including the benefits for both teachers 
and students in informal digital learning of English (IDLE). For example, language teachers are 
expected to benefit from AIIS to reduce daily workload by automating repetitive and time-consuming 
tasks in IDLE and making more data-driven instructional decisions for the unique needs of individual 
students (Ji et al., 2023). Students also benefit from AIIS for rich language input, ample opportunities to 
practice, personalized instruction, and immediate feedback in IDLE contexts (Godwin-Jones, 2023), 
which are necessary components of language learning. These benefits associated with AIIS offer prom
ising solutions to typical intricate problems in language learning, such as teachers’ lacking time and 
experience with various students’ ideas to formulate personalized feedback to individual students, 
limited class time, insufficient speaking opportunities, and unwillingness to speak (Yuan, 2023).

While the current literature has illuminated the multifaceted benefits of using AIIS to facilitate IDLE, it 
leaves three major issues open for further investigation. First, since the effectiveness of AIIS has mostly 
been investigated under the influence by a complex interplay of the three types of interactions between 
learners with the learning environment, i.e. learner-instructor interaction (e.g. Dennen et al., 2007), 
learner-learner interaction (e.g. Hu et al., 2023), and learner-content interaction (e.g. Powell & Leary, 
2021), the effects of AIIS itself remain unknown. AIIS is an important component of another type of inter
actions that has been under-researched, i.e. learner-AI interaction. AIIS is the necessary backbone that 
allows the aforementioned three interaction types with teachers, learner peers, and content to syner
gize. Understanding its discrete effect can provide invaluable insights into how to optimize the learning 
process and incorporate it into daily use or pedagogical designs in AI-supported interactive learning 
environments. Second, most studies were conducted in higher education, with single experimental 
designs (Yuan, 2023) and in formal classroom settings, so it is crucial to examine the effectiveness of 
AIIS in K-12 education and in IDLE settings (Hu et al., 2023; Moore et al., 2023). Third, there is a note
worthy dearth of knowledge about how K-12 students’ self-regulated learning skills, e.g. goal setting, 
self-evaluation, and motivation, change over time in IDLE with AIIS (Godwin-Jones, 2023). Without 
such knowledge about the effects of AIIS and what happens during interaction, the mechanism of 
AI-assisted language learning continues to be a black box (Wang et al., 2023).

The dizzying developments of AI-based mobile technologies that are pervasive in our social life 
and informal digital learning settings make us wonder whether AI conversational agents embedded 
in these technologies are effective in facilitating language learning when K-12 students learn from 
the AI conversational agents independently in such informal settings (Godwin-Jones, 2023; Liu 
et al., 2021). In this case, examining the effects of AIIS in informal digital learning over time is essen
tial. Therefore, this study conducted a quasi-experiment to investigate the effects of AIIS on second
ary students’ speaking performance, goal setting, self-evaluation, and motivation in IDLE, and the 
developmental trend of the three self-regulated skills over time. The findings provide theoretical 
and pedagogical implications for educators, instructors, researchers, and developers, and outline 
further research opportunities that investigate the effects of AIIS on K-12 students’ language learn
ing in informal digital learning.

Literature review

AI-based interactive scaffolding

The scaffolding theory is based on the idea that learners are to be guided and supported in learning, 
defining scaffolding as the process that enables learners to solve problems, complete tasks, or reach 
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goals that would otherwise be unattainable without assistance (Wood et al., 1976). Scaffolding can 
be useful for teachers to provide a supportive environment for learners and simultaneously reinforce 
learners’ independence (Puntambekar, 2022). Due to the dynamic nature of scaffolding, the concept 
of scaffolding needs to be modified to fit the circumstances of implementation (Steinert et al., 2024). 
Extended conceptualizations of scaffolding have been developed into computer-based scaffolding, 
defined as support from computer-based tools that provide either context-specific or generic 
scaffolding (Belland, 2014). Building on computer-based scaffolding, further conceptualizations 
have been developed within AI-supported language learning environments to incorporate AI- 
based interactive scaffolding (AIIS).

As a subset of computer-based scaffolding, AIIS refers to the interactive process in which learners 
communicate with AI to acquire knowledge or skills by carrying out learning activities that would be 
beyond their unassisted efforts. As AI possesses increasingly adaptive capabilities, both learners and 
AI share the control over learning to adapt to each other, and increased bidirectional interaction 
between learners and AI occurs (Liu et al., 2021). Therefore, beyond computer-based scaffolding, 
AIIS introduces dynamic interaction and instant feedback in contextualized learning activities 
(Chien et al., 2024).

Four main types of AIIS have been identified: conceptual, metacognitive, procedural, and stra
tegic scaffolding (Doo et al., 2020). Conceptual scaffolding assists learners in understanding and 
using concepts in language learning. It helps learners to make connections between concepts or 
simplify complex concepts (Kim et al., 2022). Metacognitive scaffolding assists learners in reflecting 
on what they have learned, evaluating their current learning outcomes against set standards, and 
setting goals and strategies for language improvement (Lim et al., 2023). Procedural scaffolding 
assists learners in knowing how to utilize resources, so it focuses on introducing specific functions 
of the user interface, procedures, or navigations (Kim et al., 2022). Strategic scaffolding assists lear
ners by directly or indirectly suggesting approaches to enhance language learning and providing 
strategies or pathways to complete tasks (Liu et al., 2021), such as guiding them toward constructing 
solid and cohesive sentence structures in writing (Kim et al., 2022). The four types of AIIS scaffold 
language learning through various formats, including prompts, questions, feedback, guidance, 
hints, and expert models.

Critical to AIIS are the three key characteristics: contingency, fading, and transfer of responsibility 
(Belland et al., 2024; van de Pol et al., 2010). Contingency in AIIS means that AIIS needs to be pro
vided based on a dynamic assessment of learners’ current abilities and task features within 
specific learning contexts (Bernacki, 2018). Contingency is often related to fading, where fading 
refers to the gradual decrease in the intensity or frequency of support in learning (Puntambekar, 
2022). In AIIS, AI dynamically assesses learners’ current learning and provides sufficient scaffolding. 
As learners improve, they require less scaffolding, so responsibility is transferred to learners, and AIIS 
is finally not needed (Jennings & Muldner, 2021). Among the three characteristics, fading and transfer 
of responsibility have been underexplored for evidence of learners’ decreased reliance on AIIS 
(Belland et al., 2024).

AIIS to facilitate informal digital learning of English

Drawing on AIIS to facilitate informal digital learning of English has recently gained momentum with 
the proliferation of AI conversational agents in mobile technologies. Informal digital learning of 
English (IDLE), as a subfield of computer-assisted language learning, has focused on the changing 
learning environment in which language learners can acquire the target language readily outside 
the classroom (Lee & Dressman, 2018). IDLE is defined as self-directed informal English learning 
by using various digital devices (e.g. smartphones and laptops) and resources (e.g. apps and 
social media), independent of formal contexts (Lee & Dressman, 2018). IDLE has intricate dynamics 
of language development, since language learners have various choices in rich digital resources, with 
different motives and goals in accessing learning materials and interacting with communities. The 
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main challenges of comprehending the intricate dynamics lie in the nonlinear language develop
ment path as compared to structured language instruction, self-organizational character as learners 
and system elements adapt to each other, and the focus on emergent, diverse, and unpredictable 
outcomes (Godwin-Jones, 2018). AIIS provides opportunities to address these challenges in IDLE 
(Moore et al., 2023). Specifically, scaffolding is derived from the affordances of AI technologies: adap
tivity (i.e. imparting knowledge based on the level of learners), adaptability (i.e. delivering contents 
based on learners’ preferred modalities), continuous assessment, continuous data collection, rec
ommendation of content, and evaluation of recommendation (Murtaza et al., 2022). Thus, language 
learners gain opportunities to make dialogic exchanges in personalized learning (Hu et al., 2023), 
receive instant feedback, experience reduced learning anxiety (Harley et al., 2016), and practice the 
target language in authentic communication environments beyond the classroom (Ji et al., 2023).

AIIS to facilitate secondary students’ self-regulated speaking learning, goal setting, self- 
evaluation, and motivation in IDLE

Self-regulated learning (SRL) is essential for effective learning, especially in computer-based learning 
environments (Azevedo, 2007). SRL is the self-directive process through which learners proactively 
transform mental abilities into academic skills (Zimmerman, 2002). SRL can be considered as a 
cycle model of three main phases: forethought, performance, and self-reflection (Zimmerman, 
2011). SRL is closely related to English learning performance, and learners with strong SRL abilities 
are able to learn independently and overcome diverse challenges (Xia et al., 2023). However, learners 
most often do not spontaneously regulate learning and face difficulties in adequately regulating 
their learning process, which is exacerbated in computer-based learning environments where moni
toring and controlling learning is complex (Broadbent & Poon, 2015).

As to these learning difficulties, AIIS can be used to facilitate learners’ SRL and consequently 
improve their learning performance (Lim et al., 2023). AIIS provides personalized support to learners 
through scaffolds such as prompts, feedback, or strategic guidance. AIIS is able to support the three 
SRL phases in forethought, performance, and self-reflection by creating resourceful, interactive, and 
engaging learner-centered environments based on learners’ needs (Chiu, 2024). Specifically, accord
ing to Zimmerman (2002), the first phase of forethought refers to the process that occurs before 
learning efforts begin, including self-motivation and task analysis. Self-motivation arises from lear
ners’ beliefs about learning such as self-efficacy and interest. The motivation influences task analysis 
by affecting perceptions of how well the task can be performed. The second phase of performance 
involves self-observation and self-control. Based on self-observation, learners control their learning 
by using various self-control strategies, such as attention focusing and task strategies. The third 
phase of self-reflection includes self-judgment and self-reaction. In response to self-judgment of per
formance, learners’ self-reaction can increase or decrease motivation to learn further. Based on their 
perceived achieved goals, learners evaluate their learning performance. Overall, the SRL cycle 
requires learners’ goal setting (i.e. the process that learners set particular goals for their SRL), self- 
evaluation (i.e. the process that learners compare self-observed performance against some standards 
such as learning analytics or outcomes provided by AI), and motivation (i.e. learners’ beliefs about 
learning such as self-efficacy and task interest) through the learning process. In relation to the facili
tation of SRL, language learners’ performance can be improved by providing AIIS to facilitate lear
ners’ SRL activities (Jin et al., 2023; Lim et al., 2023; Xia et al., 2023).

To date, most previous studies have focused on the application of AIIS for language learning in 
higher education, particularly for enhancing writing, speaking, and self-regulated skills (Doo et al., 
2020; Liu et al., 2021). Results indicated that AIIS not only improved writing and speaking perform
ance, but also enhanced self-regulated skills such as goal setting, self-evaluation, and motivation 
(e.g. Ardiningtyas et al., 2023; Liu et al., 2021).

AIIS for speaking learning in IDLE is receiving attention in secondary education. Secondary edu
cation poses challenges that are different from those in higher education. Secondary students have 
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common naïve conceptions of AI (Kim et al., 2023), which might influence their interaction with AIIS. 
To the best of our knowledge, no study has been conducted to investigate the effectiveness of AIIS in 
secondary education and in IDLE settings. Given these challenges and no study on this topic, the 
effects of AIIS on secondary students’ speaking performance, goal setting, self-evaluation, and 
motivation in IDLE remain unclear.

Less is known about the developmental trajectories (i.e. pathways) of secondary students’ goal 
setting, self-evaluation, and motivation with AIIS in IDLE. Adolescence has been considered as a 
turning point for developing metacognitive monitoring, reflection, and regulatory skills, so it is 
expected that adolescents’ goal setting, self-evaluation, and motivation should gradually increase 
(Bardach et al., 2023). However, relevant studies indicated mixed potential trajectories, especially 
in new learning environments. For example, when new learning environments presented cognitive 
learning difficulty, the levels of learners’ self-rated attainment such as goal setting, self-evaluation, 
and motivation tended to decrease from the beginning until the third or seventh month, followed 
by a stabilizing trend afterwards (Koizumi & Matsuo, 1993). This decline-and-stabilizing trend 
reflected the process that the learners adjusted their goals based on self-evaluation until the goal 
scores came to approach their latest learning performance. Moreover, a rising trend was found in 
goal setting, self-evaluation, and motivation in online learning (Chiu, 2023). While these studies 
suggested potential developmental trajectories, in the specific context of using AIIS for secondary 
students’ speaking learning in IDLE, the developmental trajectories are unknown.

Therefore, this study aims to investigate whether AIIS supports secondary students’ speaking 
learning in IDLE by specifically addressing the two research questions (RQ): 

1. In IDLE, does AI-based interactive scaffolding support secondary students’ speaking performance, 
goal setting, self-evaluation, and motivation?

2. How do secondary students’ goal setting, self-evaluation, and motivation change over time when 
using AI-based interactive scaffolding in IDLE?

The integrative framework for analysis of scaffolding strategies as the theoretical 
framework

To investigate scaffolding strategies in AIIS within the experimental design, this study draws on the 
integrative framework for analysis of scaffolding strategies by van de Pol et al. (2010), which offers a 
theoretical account of scaffolding classifications. This framework is grounded in Wood et al. (1976) 
for “scaffolding intentions” and Tharp and Gallimore (1988) for “scaffolding means”. Scaffolding 
intentions refer to what is scaffolded, and scaffolding means refer to how scaffolding is taking 
place (van de Pol et al., 2010). The distinction in the framework includes three main scaffolding inten
tions (i.e. learners’ metacognitive activities, cognitive activities, and affect) and six scaffolding means 
(i.e. feeding back, hints, instructing, explaining, modeling, and questioning). This distinction enables 
nuanced descriptions of scaffolding, so it has been employed to analyze computer-based scaffolding 
(Nickl et al., 2024) and AI-supported learning environments (Winters et al., 2023).

The study explores scaffolding strategies in AIIS and their effects on secondary students’ speaking 
performance, goal setting, self-evaluation, and motivation in IDLE. To fit with the context of the 
research, as Table 1 displays, the definitions and examples of AIIS strategies have been adapted 
by drawing on the framework (Tharp & Gallimore, 1988; van de Pol et al., 2010; Wood et al., 1976).

Method

To address the RQs, this study employed the quasi-experimental design in a two-group setting, 
including an interactive scaffolding group as the treatment group (TG) and a fixed scaffolding 
group as the control group (CG). The study was approved by the Survey and Behavioral Research 
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Ethics Committee with the approval number: SBRE-22-0132. The researchers explained to the stu
dents and their parents the objective and process of this study. Written informed consent was 
obtained.

Participants

The participants were 60 seventh graders between 12 and 13 years old from an average junior 
middle school in Southern China. This school is located in a medium-sized city, with about 400 tea
chers and 5000 low to medium socioeconomic students. The sample consisted of 25 females (41.7%) 
and 35 males (58.3%). According to the pre-experiment survey of their teachers in school, the par
ticipants had little experience with speaking practice in class because their English learning was test- 
oriented, and their English learning tests were predominantly in the written form. Most participants 
did not have the experience of interacting with AIIS to learn speaking in IDLE before this study 
(91.1%).

The participants were from two classes taught by the same teacher who had taught English for six 
years. The teacher was teaching five classes with about 60 students in each class. From her five 
classes, two classes were randomly selected, and from each intact class, 34 students were randomly 
selected. Before the experiment started, 34 students from Class A were randomly selected into the 
TG and 34 students from Class B into the CG. During the study, because four students in the TG and 
four students in the CG missed some sessions, this study only included those participants who 
attended all the sessions. Therefore, the final numbers of participants were 30 in the TG and 30 in 
the CG.

Table 1. Definitions and examples of AI-based interactive scaffolding strategies in the study.

AI interactive 
scaffolding Category Definition Example

Scaffolding 
intentions

1. Goal setting Keeping the learning process on target and 
maintaining learners’ pursuit of particular 
objectives.

AI: We are going to talk about a new topic in 
this lesson. It is the first topic we have talked 
about together. Let’s check out what it is.

2. Self- 
evaluation

Enabling learners to compare self-observed 
performance against some standards 
such as learning analytics or outcomes 
provided by AI.

AI: Let’s take a look at what we have learned 
today.

3. Motivation Motivating learners’ beliefs about learning 
such as self-efficacy and task interest.

AI: Wow, you did a great job.

4. Cognitive 
activities

Providing explanations and justification in 
understanding and practicing language.

AI: For example, I want to go to Asia. We 
usually use “want to do something” to 
express our intention.

Scaffolding 
means

1. Feeding 
back

Providing information regarding learners’ 
performance.

ST: Brother. 
AI: Fantastic/wonderful/I’m impressed/ 
Good/Try again.

2. Hints Giving clues or suggestions to help learners 
forward.

AI: How does the boy call the girl? 
ST: I don’t know. 
AI: Can you tell me what the boy should call 
the girl, sister or daughter?

3. Instructing Telling students what to do, how, and why. ST: Son. 
AI: Great. But please pay attention to the 
pronunciation, /ʌ/. Don’t open your mouth 
too wide. Be short.

4. Further 
explaining

Providing more detailed information or 
clarification.

ST: Your. 
AI: One correct answer could be “their”. 
Could you please repeat it?

5. Modeling Demonstrating behavior for imitation. AI: Read after me, /⍰fæməli/. 
ST: Family.

6. Further 
questioning

Asking learners questions to require active 
linguistic answers.

AI: If your friend says, “I am happy”, what will 
you say? 
ST: Good for you.

Note. AI refers to the AI conversational agent. ST refers to the student.
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Study design

Procedure
As shown in Figure 1, this study comprised three stages. In Stage One within one week, all students 
took pre-tests on prior speaking proficiency, goal setting, self-evaluation, and motivation (60 
minutes in total, with 40 minutes for assessing prior speaking proficiency and 20 minutes for measur
ing goal setting, self-evaluation, and motivation). Both groups received experimental orientations 
separately on how to learn speaking under different conditions. Each orientation, lasting 30 
minutes, provided an overview of the scaffolding environment and condition, researcher-led dem
onstrations of the learning process, and students’ participation in the learning condition to 
ensure their comprehensive understanding of the app usage and the learning process.

In Stage Two over a four-week period, the participants learned five topics, each introduced by the 
same AI conversational agent every five to six days. The five topics were “family”, “clothes”, 
“emotion”, “music”, and “food”. Each topic was learned in two consecutive sessions, separated 
by a ten-minute break. The first session covered three learning activities: (1) reading words, 
phrases, and sentences after the agent, (2) multiple choice and blank-filling exercises to review 
the expressions, and (3) real-time testing with the pictures in practical application scenarios. The 
second session included three more learning activities: (4) role-play with the agent to make a dialo
gue, (5) personalized feedback on pronunciation, grammar, vocabulary, etc., and (6) adaptive 

Figure 1. The experimental procedure.
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instructional prompts for language errors. The six activities were sequenced in increasing difficulty to 
gradually scaffold speaking learning. After the second topic, mid-tests were conducted to investigate 
potential changes in goal setting, self-evaluation, and motivation.

In Stage Three within one week, the participants took post-tests on speaking performance, goal 
setting, self-evaluation, and motivation (60 minutes in total, with 40 minutes for examining speaking 
proficiency and 20 minutes for measuring goal setting, self-evaluation, and motivation).

All the students learned speaking independently from an AI conversational agent outside the 
classroom without the teacher’s instruction. The teacher did not attend the process to mitigate 
any potential influence the teacher might exert. The research team facilitated the implementation 
process of the experiment by providing timely assistance for technological issues while students 
were using the mobile phone and observing the students’ learning process to ensure consistency 
in two different conditions of the scaffolding environments.

Scaffolding environments and conditions
This study used an AI conversational agent developed by LAIX, as shown in Figure 2. Empowered by 
deep learning and adaptive learning AI technologies, the mobile app provided various speaking 
courses on different topics, with pronunciation and grammar correction, speech evaluation, real- 
time personalized feedback, and learning assessment (Liulishuo, 2022). The learning process was 
completed through interaction between students and AIIS. Both the TG and CG groups were pro
vided with identical mobile phone models to ensure that the app interface they saw was exactly 
the same.

Under the AI-based interactive scaffolding condition, the TG had access to the AI conversational 
agent that provided interactive scaffolding to learn speaking and enact the self-directed learning 
process related to goal setting, self-evaluation, and motivation. Specifically, the students interacted 
orally with the agent to conduct the six aforementioned activities for each topic, supported by the six 
means of AIIS: feeding back, hints, instructing, further explaining, modeling, and further questioning. 
These means of AIIS guided the students as they responded to and posed questions to the agent. 
The two-way interaction, facilitated automatically by AIIS from the agent, allowed for both 

Figure 2. Screenshots of AI-based interactive scaffolding.
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immediate and on-demand responses when the students activated the interaction by asking ques
tions. The students were permitted to interact with the agent to repeat the learning activities as 
needed, similar to their independent use of the app in IDLE. Each interactive session in the TG 
lasted between 20 and 30 minutes, and the average duration of each session was 23.6 minutes.

Under the fixed scaffolding condition, the CG followed similar learning activities as the TG, but 
without adaptive instructional prompts and personalized feedback from the same AI conversational 
agent. Specifically, they watched fixed scaffolding videos by the same agent about the same content 
to learn speaking. This experimental setting was based on the idea in vicarious online learning that 
learners can experience an interaction vicariously by observing and putting themselves in the shoes 
of one of the participants in the observed interaction (Dai & Shi, 2022; Dai & Walther, 2018). The fixed 
scaffolding setting was adapted from the experimental design by Chi et al. (2008) in that the stu
dents watched the video with fixed scaffolding, and practiced on their own to answer the agent’s 
questions. When the agent in the video asked learners questions, a short period of quiet time was 
left for learners to answer by themselves. After the pause, the agent’s scaffolding continued until 
all the content was delivered. In other words, students in the CG received support through the 
agent’s fixed scaffolding.

The similarities between the two groups were that they all orally performed the six learning activi
ties for each topic scaffolded by the same agent on the same mobile phone. However, the difference 
lies in that the CG did not interact with the agent’s interactive scaffolding, experiencing only one- 
way interaction from the agent to the students. The agent guided the students based on preset 
fixed scaffolding. The students did not respond to the agent, nor did the agent offer immediate, 
on-demand, and personalized responses. Compared with the six means of interactive scaffolding, 
the agent in this condition did not use these means of scaffolding: feeding back, hints, further 
explaining, and further questioning, which should be based on students’ responses. Instead, the 
agent used only four means of scaffolding: instructing, modeling, initial explaining, and initial ques
tioning. To mitigate the effect of unequal practice compared to the TG, the learners in the CG could 
choose to watch the video and practice again. Each session in the CG was between 18 and 27 
minutes, and the average duration was 21.9 minutes.

Measures
The participants were individually pre-tested in November 2022 and post-tested in January 2023. 
This study collected two data sources: (1) speaking learning outcomes, and (2) goal setting, self- 
evaluation, and motivation data.

For speaking learning outcomes, this study adapted the speaking test for A1 Movers of Cam
bridge English Qualifications in both the pre-test and post-test (see Appendix A). The speaking 
test covered four sub-dimensions of speaking: fluency, vocabulary, grammar, and pronunciation 
(Leong & Ahmadi, 2017). An English teacher familiar with the speaking test individually tested all 
the participants. The testing process was audio-recorded by the research team for subsequent 
rating. Two raters, including another English teacher and one researcher who were both experienced 
in English teaching, scored the students’ speaking learning performance based on these recordings. 
The inter-rater reliability of 93.7% was achieved. To measure goal setting, self-evaluation, and motiv
ation, a survey was designed based on prior studies (Barnard et al., 2009; Cheng et al., 2010; William
son, 2007), as shown in Appendix B. This survey included 23 items. The Cronbach’s alpha values of 
goal setting, self-evaluation, and motivation reached 0.921, 0.897, and 0.859, respectively.

Data analysis
Descriptive analysis was performed to explore the scaffolding strategies provided by AIIS during AI’s 
interaction with the students. Data for this analysis were collected from audio-recordings made by 
the research team about the students’ learning process supported by AIIS. The recordings of AIIS for 
the five learning topics were transcribed. Based on the integrative framework for analysis of scaffold
ing strategies by van de Pol et al. (2010), three coders, including two researchers of this study and 
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one independent researcher, coded the interactive scaffolding strategies by AI. The inter-rater 
reliability among the three coders reached 95.7%. When disagreement occurred, discussions were 
conducted until a consensus was reached.

To address RQ1, univariate analyses of covariance (ANCOVAs) were conducted. Prior to conduct
ing ANCOVAs, this study examined the assumption of the homogeneity of regression slopes to 
evaluate if there was an interaction between the treatment and the covariates. For interpretation 
of the effects, effect sizes (Cohen’s d ) were calculated according to the adjusted differences 
between the TG and the CG divided by the pooled standard deviation (Cohen, 1988). For RQ2, 
two-way repeated measures ANOVAs were conducted at three time points: pre-test, mid-test (i.e. 
after Topic 2), and post-test.

Results

Descriptive results

As shown in Table 2, a total of 565 scaffolding means in AIIS were observed and coded across five 
topics: 125 for Topic 1 (22.12%), 120 for Topic 2 (21.24%), 114 for Topic 3 (20.18%), 111 for Topic 4 
(19.65%), and 95 for Topic 5 (16.81%). There was a decreasing trend of AIIS as the students increas
ingly interacted with AIIS in learning speaking, and they required less scaffolding support.

Instructing (31.68%) and further questioning (19.29%) were the most commonly used scaffolding 
means in AIIS, followed by feeding back (15.4%), modeling (12.92%), hints (10.44%), and further 
explaining (10.27%). The scaffolding intentions were mostly for cognitive activities (56.11%). Motiv
ation (17.52%), self-evaluation (13.62%), and goal setting (12.74%) were also observed.

The effects of AIIS on speaking performance, goal setting, self-evaluation, and 
motivation in IDLE (RQ1)

Prior to conducting ANCOVAs, this study tested the assumption of the homogeneity of regression 
slopes to ensure there was no interaction between the treatment and the covariates (D’Alonzo, 
2004). The p-values of all interactions between the independent treatment variable (group) and 
the pre-post test scores were above 0.05, as shown in Table 3, indicating that the homogeneity of 
regression was not violated. Therefore, ANCOVA analyses were performed.

The results of ANCOVAs in Table 4 showed that there was no significant difference in the overall 
English speaking scores (F = 1.98, p > .05, Cohen’s d = 0.13). When a set of ANCOVAs was conducted 
to examine the effects on the four sub-dimensions, a significant difference was found in vocabulary 
(F = 4.98, p < .05, Cohen’s d = 0.36). No significant differences were found in other sub-dimensions: 
pronunciation (F = 2.29, p > .05, Cohen’s d = 0.26), grammar (F = 1.18, p > .05, Cohen’s d = −0.20), 
and fluency (F = 0.13, p > .05, Cohen’s d = 0.06). These suggested that despite no significant differ
ence in the overall speaking scores, AIIS was found to be especially beneficial for the learners’ voca
bulary learning.

The results also revealed that compared to the CG, the TG had significantly higher scores at the 
post-test on goal setting (F = 5.14, p < .05, Cohen’s d = 0.79), after controlling for the pre-test scores. 
While the treatment effects were not significantly different on self-evaluation (F = 3.21, p > .05), and 
on motivation (F = 0.70, p > .05), the effect sizes were positive, with 0.43 for self-evaluation, and 0.22 for 
motivation. These suggested that while AIIS showed positive effects on goal setting, self-evaluation, 
and motivation, AIIS was found to be particularly beneficial for improving the learners’ goal setting.

Developmental trajectories of goal setting, self-evaluation, and motivation in IDLE (RQ2)

Using two-way repeated measures ANOVAs, the developmental trajectories were summarized as the 
decline and rise trend on goal setting, self-evaluation, and motivation for both groups. Specifically, in 
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Table 2. Frequency distribution of scaffolding means and intentions in AI-based interactive scaffolding.

Scaffolding means

Scaffolding intentions

Total Percentage

Topic 1 Topic 2 Topic 3 Topic 4 Topic 5

G S M C G S M C G S M C G S M C G S M C

Feeding back 2 2 9 4 4 2 8 3 3 3 6 5 4 2 7 6 4 3 5 5 87 15.40%
Hints 1 2 2 4 2 2 3 4 3 3 1 6 2 2 2 7 3 1 3 6 59 10.44%
Instructing 4 5 3 32 3 4 3 29 3 2 2 31 2 2 1 27 2 1 2 21 179 31.68%
Further explaining 1 2 1 2 2 3 2 3 2 4 3 3 3 4 3 5 3 3 4 5 58 10.27%
Modeling 2 2 4 7 3 4 4 7 2 3 6 5 1 4 4 5 2 2 3 3 73 12.92%
Further questioning 2 2 1 29 1 3 2 19 1 1 2 14 2 2 1 13 3 2 2 7 109 19.29%
Total 125 120 114 111 95
Percentage 22.12% 21.24% 20.18% 19.65% 16.81%

Note. G refers to goal setting. S refers to self-evaluation. M refers to motivation. C refers to cognitive activities.
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all the three outcome variables, the TG showed a limited decline that appeared flat, and then a 
gradual rise, and the CG showed a steep decline, and then a gradual rise, as shown in Figures 3–5.

The results of Mauchly’s test of sphericity showed that sphericity was met (p > .05) for all the three 
outcome variables. Partial eta-squared (η2

p) was employed to estimate the effect size, following the 
thresholds suggested by Cohen (1988): small η2 > 0.01, medium η2 > 0.06, and large η2 > 0.14. The 
results showed that the main effect of time and the between-subjects effects of groups were stat
istically significant on all the three variables, as shown in Table 5, with F value ranging from 
15.88 to 50.96, and large effect sizes (η2 > 0.14). The time × group interaction effects on all the 

Table 3. Homogeneity of regression slopes for treatment (group) and covariate interactions.

Test

Group interactions

F (1, 56) p-value

Overall speaking performance 0.517 0.475
Fluency 0.290 0.592
Vocabulary 0.312 0.579
Grammar 0.264 0.609
Pronunciation 0.438 0.511
Goal setting 0.043 0.836
Self-evaluation 2.043 0.159
Motivation 0.095 0.759

Table 4. The results of ANCOVAs.

Treatment group (N =  
30) Control group (N = 30) p-value F Cohen’s d

Adjusted mean SE Adjusted mean SE

Goal setting 5.43 0.14 4.95 0.14 0.03 5.14* 0.79
Self-evaluation 5.04 0.10 4.78 0.10 0.08 3.21 0.43
Motivation 5.02 0.12 4.87 0.12 0.41 0.70 0.22
Overall speaking performance 69.24 0.44 68.27 0.44 0.17 1.98 0.13
Fluency 18.18 0.21 18.06 0.21 0.72 0.13 0.06
Vocabulary 17.32 0.22 16.58 0.22 0.03 4.98* 0.36
Grammar 16.33 0.22 16.71 0.22 0.28 1.18 −0.20
Pronunciation 17.58 0.21 17.09 0.21 0.14 2.29 0.26

Note. *p < .05. SE refers to standard error.

Figure 3. Developmental trajectories of goal setting.
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three variables were also statistically significant. The effect sizes for goal setting and self-evaluation 
were medium (η2 > 0.06), and the effect size for motivation was large (η2 > 0.14).

To further investigate the developmental trajectories of goal setting, self-evaluation, and motiv
ation, post-hoc analyses were conducted using the Bonferroni test. As displayed in Table 6, the post- 
hoc analyses revealed the following significant differences: (1) goal setting: students’ goal setting 
significantly decreased from T1 to T2 in both the TG and CG. Students’ goal setting significantly 
increased from T2 to T3 in the CG. (2) Self-evaluation: students’ self-evaluation decreased from T1 
to T2 in both the TG and CG. Students’ self-evaluation significantly decreased from T1 to T3 in 
the TG. Students’ self-evaluation significantly increased from T2 to T3 in the CG. (3) Motivation: stu
dents’ motivation decreased from T1 to T2 in both the TG and CG. Students’ motivation significantly 
decreased from T1 to T3 in the TG. Students’ motivation significantly increased from T2 to T3 in the 
CG.

Figure 4. Developmental trajectories of self-evaluation.

Figure 5. Developmental trajectories of motivation.
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Despite the significant differences, due to the small sample sizes of the two groups, the results 
should be interpreted with caution. However, the results showed different developmental trajec
tories for the two groups, as shown in Figures 3–5. Goal setting, self-evaluation, and motivation 
showed the decline and rise trajectories, i.e. decreasing in the middle of the experiment after 
Topic 2, and increasing at the end of the experiment. Moreover, the trajectories of the TG 
dropped less than the CG on goal setting, self-evaluation, and motivation in the middle of the 
experiment.

Discussion

As noted in the results, scaffolding means in AIIS facilitated the students’ speaking learning in IDLE, 
with a decreasing trend in the number of scaffolding means across five topics. This aligns with the 
key characteristics of AIIS of fading and transfer of responsibility, meaning that scaffolding tends to 
withdraw gradually as learners’ levels of development and competence increase, and responsibility 
for task performance is gradually transferred to learners as they take more control (Belland et al., 
2024; van de Pol et al., 2010). In AIIS, AI dynamically evaluates learners’ progress, providing appro
priate scaffolding that gradually diminishes as learners improve and take on more responsibility, 
reducing the need for AIIS (Jennings & Muldner, 2021).

Instructing and further questioning were identified as the most common scaffolding means in 
AIIS. The result is in line with Winters et al. (2023) in that instruction and questioning are the 
most common scaffolding means for secondary students. Possible reasons are that instruction 
and skillful questioning foster meaningful learning by encouraging students to express their 
views and ask follow-up questions in interactive communication (Pun & Macaro, 2019). Of all the 
scaffolding intentions identified, the intention of supporting cognitive activities was the most fre
quent. This echoes the positive correlations with instruction and further questioning in supporting 

Table 5. The two-way repeated measures ANOVA.

Goal setting Self-evaluation Motivation

Time Group Time × Group Time Group Time × Group Time Group Time × Group

F 21.04*** 40.84*** 8.61*** 15.88*** 50.96*** 4.16* 20.68*** 30.20*** 9.82***
η2 0.27 0.42 0.13 0.22 0.47 0.07 0.27 0.35 0.15

Note. *p < 0.05, ***p < 0.001

Table 6. Post-hoc Bonferroni analysis of overtime changes in goal setting, self-evaluation, and motivation in the treatment and 
control groups.

Time 
point

Treatment group Control group

Mean 
difference SE

p- 
value

95% Confidence 
Interval

Mean 
difference SE

p- 
value

95% Confidence 
Interval

Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

Goal setting
T1→T2 −0.27 0.11 0.047 −0.54 −0.00 −1.19 0.19 0.000 −1.66 −0.72
T2→T3 0.20 0.09 0.111 −0.03 0.43 1.00 0.24 0.001 0.38 1.62
T1→T3 −0.07 0.12 1.000 −0.37 0.23 −0.19 0.22 1.000 −0.76 0.38
Self-evaluation
T1→T2 −0.48 0.12 0.001 −0.80 −0.17 −0.67 0.18 0.002 −1.12 −0.22
T2→T3 0.14 0.06 0.084 −0.01 0.29 0.74 0.21 0.004 0.21 1.26
T1→T3 −0.35 0.11 0.008 −0.61 −0.08 0.07 0.19 1.000 −0.42 0.56
Motivation
T1→T2 −0.35 0.10 0.006 −0.62 −0.09 −1.14 0.20 0.000 −1.64 −0.63
T2→T3 −0.02 0.07 1.000 −0.19 0.16 0.97 0.25 0.002 0.33 1.60
T1→T3 −0.37 0.11 0.007 −0.65 −0.09 −0.17 0.20 1.000 −0.69 0.34

Note. SE refers to standard error. T1 refers to Time 1. T2 refers to Time 2. T3 refers to Time 3.
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cognitive activities. In other words, the scaffolding strategies in AIIS are primarily utilized to support 
learner cognition, followed by metacognition in self-regulated learning such as motivation, self- 
evaluation, and goal setting (Järvelä et al., 2023; van de Pol et al., 2010).

The effects of AIIS on speaking performance, goal setting, self-evaluation, and 
motivation in IDLE (RQ1)

Results in RQ1 demonstrated that while no significant difference was found in the overall score of 
speaking performance, in its sub-dimension of vocabulary a significant difference was revealed. 
Specifically, the learners who interacted with AIIS learned more vocabulary than those in the fixed 
scaffolding group. The results align with the literature that AIIS could improve vocabulary learning 
(Shi & Tsai, 2022). A possible reason is that AIIS provides dynamic assessment for vocabulary learning, 
i.e. diagnostic information about the learning process, and promotes learning development as a 
mediated process of learner transition from other-regulation to self-regulation (Lantolf & Thorne, 
2006). Another reason may be that when AIIS presents the form, meaning, and use of words in auth
entic contexts (Godwin-Jones, 2018), young learners’ curiosity, interest, and concentration are high. 
Therefore, the sub-dimension of vocabulary improves through AIIS in dynamic feedback and con
crete demonstrations of authentic learning contexts.

Conversely, no significant difference was found in pronunciation, grammar, and fluency. This may 
be caused by the limited number of interactive sessions in this study, given that a long-term inter
action is expected to improve pronunciation, grammar, and fluency. These results are consistent with 
the findings that revealed no development in articulation rate and pause frequency over time 
(Hanzawa, 2024), and a gradual improvement in fluency over one year (Saito & Hanzawa, 2018). Fur
thermore, the results may be due to the trade-off effect between students’ lexical accuracy and 
errors related to pronunciation, grammar, and fluency. Based on the Trade-off Hypothesis, learners’ 
attentional resources are limited, and allocating attention to one componential construct of linguis
tic performance may generate a restrictive effect on another in the learning process (Khatib & Far
ahanynia, 2020). Since AIIS presents words within authentic learning contexts, students tend to 
memorize vocabulary through interactions with AI. Consequently, students’ attentional resources 
allotted to pronunciation, grammar, and fluency might be restricted, potentially leading to errors 
in these areas of their utterances (Jiang et al., 2023).

Moreover, results showed that the students who learned with AIIS outperformed those who 
learned with fixed scaffolding in goal setting, self-evaluation, and motivation, with a significant 
difference in goal setting. Specifically, in IDLE, AIIS supported the secondary learners’ goal setting 
in particular, besides self-evaluation and motivation. This may be because adaptive learning environ
ments support goal setting in fostering positive emotions. When metacognitive prompts of AIIS are 
adapted to individual characteristics, positive emotions are found to be more activated than nega
tive emotions (Harley et al., 2016). Therefore, goal setting tends to be enhanced. Additionally, self- 
evaluation and motivation are also supported by AIIS. An explanation is that AIIS provides feedback 
on students’ learning performance to help them improve their monitoring processes (Ardiningtyas 
et al., 2023). The enhanced monitoring leads to accurate self-evaluation and changes motivation 
orientations toward different stimuli from the interactive environment (Liu et al., 2021). Thus, AIIS 
supports self-evaluation and motivation in addition to goal setting.

Developmental trajectories of goal setting, self-evaluation, and motivation in IDLE (RQ2)

The results indicated that goal setting, self-evaluation, and motivation in both groups decreased 
from the beginning to the middle, and then increased from the middle to the end of the experiment. 
Moreover, when the two groups were compared, the TG dropped less than the CG in the middle of 
the experiment. The overall decline and rise trend for both groups may be, first, due to the learners’ 
unprepared learning conceptions from passively receiving and absorbing knowledge transmitted 
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from teachers, to actively understanding and gaining meaning in interaction with AIIS, i.e. an adap
tation between adolescents’ expectations for more autonomy and control and the support provided 
by the learning environment (Bardach et al., 2023). Second, the decline and rise trajectories may be 
interpreted as the process of attaining dynamic equilibrium between the students and the new 
learning environment, following perturbations (Wapner et al., 1973). Students tend to experience 
a gradual decline in self-rated attainment, emotion, and motivation, until their goals, self-evaluation, 
and motivation adjust to become more realistic over time, after which these measures stabilize or 
increase (Chiu, 2023; Koizumi & Matsuo, 1993).

Despite the similar decline and rise trends of both groups, the TG showed a less sharp drop in the 
middle, compared to the CG. In other words, AIIS supported the secondary learners’ goal setting, 
self-evaluation, and motivation in IDLE. This finding is consistent with the study by Lim et al. 
(2023) in that an important factor related to greater self-regulated learning includes using an 
online learning environment to track learners’ own progress in achieving goal setting and self-evalu
ation. Moreover, Ebadi and Amini (2022) suggest that the social presence and human-likeness of the 
AI conversational agent positively affect learners’ motivation, which indirectly influences goal setting 
and self-evaluation. Overall, when secondary learners interact with AIIS, their goal setting, self-evalu
ation, and motivation are likely to be supported.

Limitations and future research

Four limitations of this study warrant consideration as they pave the way for future research. First, 
the small sample size recruited for each group might limit the results of the study (Cheung & 
Slavin, 2016), so future research may consider using larger sample sizes. Second, the results were 
gathered after ten sessions with an immediate post-test, so a longer-term experimental design 
with a delayed post-test is expected to generalize the results or reveal a longer-term effect of AIIS 
on secondary students’ speaking learning in IDLE. Third, due to the sudden outbreak of the 
COVID-19 pandemic at the end of the intervention, the experimental school was closed, and the 
formal schooling environment of the participating students was transitioned from instruction in 
the classroom to distance learning at home. Although this study has managed to maintain consistent 
experimental conditions for both groups until the end, the unexpected transition of the formal 
schooling environment might have slowed the pace of learning progress in the intervention. Con
sidering that younger students rely more on cognitive scaffolding due to their less developed 
self-regulation skills and they might be vulnerable to stress and challenges associated with the pan
demic (Tomasik et al., 2021), future research may investigate the influence of formal schooling 
environments on secondary students’ self-regulated language learning assisted with AIIS in IDLE. 
Fourth, this study included seventh-graders only. Since younger and older children show different 
features in cognitive development, interests, and digital literacy (Moore et al., 2023), future 
studies might examine the effects of AIIS on different phases of secondary or K-12 students in 
IDLE, and explore how individual differences of K-12 students shape their interactions with AIIS 
(Chai et al., 2022).

Theoretical and pedagogical implications

Both theoretical and pedagogical implications can be drawn from the findings. Theoretically, this 
study extends the application of the integrative framework for analysis of scaffolding strategies 
into AIIS during learner-AI interaction by revealing scaffolding means and intentions of AIIS. The 
findings enhance our understanding of scaffolding strategies of AI’s interactive scaffolding in sec
ondary students’ English learning, particularly in speaking, in informal digital learning. Future 
research may examine the effectiveness of each scaffolding means in AIIS for supporting different 
scaffolding intentions. Moreover, this study adds to the literature by identifying the two underex
plored characteristics of AIIS: fading and transfer of responsibility. Future research may further 
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explore the nuanced relationship between features related to tasks and learners, and fading of 
scaffolding and/or transfer of responsibility in AIIS.

Pedagogically, first, this study shows that AIIS facilitates secondary students’ speaking learning in 
IDLE in vocabulary, goal setting, self-evaluation, and motivation. Therefore, secondary students, 
specifically seventh graders, may have the ability to interact with AIIS to learn speaking in IDLE. Tea
chers may trust them to use such technology appropriately, especially if given guidance. Second, the 
findings also suggest that learners’ goal setting, self-evaluation, and motivation may decline from 
the onset of using such technology, and rise from the time when the learners have sufficient inter
active sessions with AIIS. Thus, if teachers are able to guide students to familiarize the technology 
and train self-regulated learning skills before, during, or after the task, the decline phase may be miti
gated. Third, since AIIS offers data that reflect the process of learning, if teachers trace and evaluate 
the data properly, the learning process tends to be enhanced with individualized instruction.

Conclusion

Despite the proliferation of using AIIS to facilitate speaking learning, goal setting, self-evaluation, 
and motivation in the formal educational contexts of higher education, scant knowledge has 
been revealed about the effects of AIIS on secondary students’ speaking learning in IDLE. Therefore, 
by comparing the TG of interacting with AIIS to the CG of observing fixed scaffolding, this study 
investigated whether AIIS could support secondary students’ speaking performance, goal setting, 
self-evaluation, and motivation in IDLE over ten sessions, and how goal setting, self-evaluation, 
and motivation developed during the process. Findings indicate that AIIS may support secondary 
students’ vocabulary achievement, goal setting, self-evaluation, and motivation. Furthermore, 
while both groups have shown a decline and rise trend in goal setting, self-evaluation, and motiv
ation in the learning process with AIIS, the TG tends to drop less in the middle of the sessions. 
These findings provide evidence for the benefits of AIIS in supporting secondary students’ speaking 
learning in IDLE, particularly for improving vocabulary, goal setting, self-evaluation, and motivation.

To explore scaffolding strategies of AIIS in learner-AI interaction, this study theoretically extends 
the integrative framework for analysis of scaffolding strategies into AIIS, thereby offering educators, 
instructors, researchers, and developers insightful criteria for analyzing and designing scaffolding 
strategies in AIIS in terms of scaffolding means and intentions. In this regard, our approach to ana
lyzing scaffolding strategies in AIIS and examining the effects of AIIS on secondary students’ self- 
regulated speaking learning in IDLE marks a step forward in revealing the black box of learner-AI 
interaction (Jin et al., 2023; Wang et al., 2024). Overall, this study serves as a valuable addition to 
understanding interactive scaffolding generated by AI to support secondary students’ self-regulated 
speaking learning in IDLE, identifying further research opportunities, and offering theoretical and 
pedagogical implications for AI-supported interactive learning environments.
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