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Abstract 

In inclusive education, students with different needs learn in the same context. With 
the advancement of artificial intelligence (AI) technologies, it is expected that they 
will contribute further to an inclusive learning environment that meets the individual 
needs of diverse learners. However, in Japan, we did not find any studies exploring 
current needs in an actual special needs context. In this study, we used the learning 
and evidence analysis framework (LEAF) as a learning analytics-enhanced learning 
environment and employed Active Reading as an example learning task to investigate 
the challenges and possibilities of applying AI to inclusive education in the future. 
Two students who attended a resource room formed the context. We investigated 
learning logs in the LEAF system while each student executed a given learning task. 
We detected specific learning behaviors from the logs and explored the challenges 
and future potential of learning with AI technology, considering human involvement 
in orchestrating inclusive educational practices.

Keywords: Inclusive education, Special education, AI, Learning analytics, Log data, 
Active reading

Introduction
Efforts are underway to promote the realization of inclusive education and the wide-
spread development of inclusive environments in which all children can learn together 
irrespective of their disabilities, cultural backgrounds, or socioeconomic status (UNE-
SCO, 2009). Inclusive education in Japan primarily focuses on learners with disabilities 
and aims to enable them to actively participate in and contribute to society indepen-
dently in an inclusive manner (MEXT, 2012). In general, not only in Japan, but also in 
many other countries, students with mild disabilities, such as those with developmental 
disorders or disabilities (DD), study alongside non-disabled learners in the same learn-
ing environment in regular classes in inclusive education. In diverse but constrained 
learning contexts with different types of learners, teachers have difficulty orchestrating 
multiple flows of information and tasks (Dillenbourg, 2013). Although there are many 
different types of educational practices within inclusive education, special education 
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(SE) approaches can be used to meet and support the unique learning needs of learners 
with special needs in a learning environment (Bryant et al., 2019).

In regular classes, all learners engage in learning at the same pace, but students with 
learning difficulties (LD), who are said to be less efficient at processing information, tend 
to have trouble catching up in class compared with other students (Gersten et al., 2001). 
This may cause depression, poor academic performance, and low self-esteem (Peterson 
et al., 2001; Rose, 2019). For such learners, resource rooms or pullout programs can pro-
vide extra support outside regular classes (Bryant et al., 2019). A resource room under 
inclusive education in Japan is an independent remedial class in which learners with a 
relatively mild disability, or those who tend to demonstrate some difficulties, leave their 
regular classes and receive support according to their needs (MEXT, 2020). In the learn-
ing context, Toyokawa and her colleagues observed that students in a resource room in 
Japan implemented daily learning activities with a digital e-book reader called BookRoll 
in the learning and evidence analysis framework (LEAF) with learning analytics (LA) 
technology and found the possibility of detecting their stumbling points and strengths 
in their learning logs (Toyokawa et al., 2022). A large amount of data can be accumu-
lated from daily learning using LEAF. However, the utilization of LA technology such as 
LEAF for learners with special needs has not been researched extensively in an inclusive 
Japanese learning environment. More than 30 years ago, Yin argued about the future-
oriented investigation of new technology, including using artificial intelligence (AI) in SE 
(Yin & Moore, 1987). Research on inclusive education using AI has been rapidly gaining 
attention worldwide (Kazimzade et al., 2019; Salas-Pilco et al., 2022). However, just as 
Kazimzade and her colleagues mentioned the lack of exchange between AI and disability 
research in their book chapter (Kazimzade et al., 2019), the lack of progress in the con-
text of special needs is also the case in Japan. Therefore, we propose integrating LA and 
AI technology to effectively orchestrate learning for learners with special needs in inclu-
sive education. Focusing on literacy skills that underlie all aspects of learning and daily 
life and bearing in mind the importance of reading, we selected active reading (AR) in an 
LA-enhanced learning environment as one task and investigated the challenges and pos-
sibilities of AI integration.

The remainder of this paper is organized as follows. In the second section, an overview 
of inclusive education in Japan, LA-enhanced learning environments, and AI in inclusive 
education is presented. In the third section, the research objectives and a question are 
stated, and then the LEAF components are introduced as a learning environment for 
this study, followed by participants and learning tasks. Data collection and interpreta-
tion are then described. The following section presents the findings of the case study to 
answer the research question. In the Discussion section, possible solutions for learning 
with AI are discussed along with limitations for future research. Finally, the implications 
and contributions of the study are highlighted.

Literature review
Special education in inclusive education in Japan

In inclusive educational environments, students study together in the same class, regard-
less of their difficulties. Inclusive education is defined as education in which students 
with disabilities have access to the standard curriculum in a general education classroom 
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(Bryant et al., 2019). In the Japanese inclusive context, students with relatively mild DD 
[e.g., autism, low vision, speech impairment, attention deficit hyperactivity disorder 
(ADHD), and LD] attend the same classes as students without DD. In Japan, the number 
of students with DD is increasing. According to a report from the Ministry of Educa-
tion in Japan (MEXT), the number was approximately 600,000 in 2012 and 800,000 in 
2022, or approximately two to three students with DD out of every thirty students in one 
class (MEXT, 2022a). For such learners, a resource room or pullout program is available, 
and which provides extra support outside of regular classes upon request (Bryant et al., 
2019). The support system differs depending on needs, but attending a resource room is 
the primary form of receiving additional support at school for learners with DD in the 
current inclusive education system in Japan. The Japanese resource room is an independ-
ent supplementary class in which learners with relatively mild disabilities or those who 
tend to show some difficulty leaving regular classes receive special support equivalent to 
self-reliance activities according to their needs (MEXT, 2020). Learners with various dif-
ficulties can receive support tailored to their individual needs, such as social or commu-
nication skills training and academic support, such as reading, writing, and math. In this 
respect, resource rooms can be said to be a part of SE, in which learners with difficulties 
can receive support based on their needs. SE is an approach designed to meet the unique 
learning needs of individuals with disabilities, such as students with different learning, 
behavioral, social communication, and basic functional needs (Bryant et al., 2019). Cur-
rently, the resource room service is provided at elementary schools, junior high schools, 
and high schools in Japan, but the situation is that there are students who need support 
but are left unattended for reasons such as a lack of instructors (MEXT, 2022b).

Information and communication technology (ICT) in education is said to be pro-
gressing in Japan, but the penetration rate lags far behind that of other countries when 
looking at the average Program for International Student Assessment (PISA) of the 
Organisation for Economic Co-operation and Development (OECD) (National Insti-
tute for Educational Policy Research, 2022). Research on the use of ICT in SE in Japan 
has primarily focused on alternative and assistive technologies and teaching materials 
(Kinoshita et al., 2023; Kumagai & Nagai, 2022). While research on technical assistance 
has garnered considerable attention in the literature, there is a notable gap in research 
pertaining to special needs in inclusive education from the lens of LA. This gap is espe-
cially pronounced in the context of Japan, where the utilization of learning log data and 
AI technology for this purpose remains unexplored.

Learning analytics and support for learners with special needs

Using e-learning tools such as ICT, it is possible to collect and accumulate learning log 
data that record the learning process. LA, which is research on the contribution of learn-
ing logs to learning and educational activities, has attracted attention. LA is research aimed 
at improving and enhancing teaching and learning by analyzing and visualizing accumu-
lated log data and providing feedback based on the visualization through daily learning 
activities (Bodily & Verbert, 2017; Siemens & Baker, 2012). Using the LA learning system 
LEAF, Toyokawa and her colleagues traced students’ handwriting from their interaction 
performance in the daily learning of students attending a resource room in an elementary 
school in Japan to investigate their learning performance and difficulties (Toyokawa et al., 
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2022). In this study, they successfully visualized and observed learning behaviors such as 
students’ learning difficulties using penstroke analysis. This study demonstrated the pos-
sibility of using log data to assist learners with special needs and support teachers. To cite 
two overseas examples, first, a pilot study was conducted in which a learning game for cog-
nitively impaired people was developed and learning behavior was observed from inter-
action and performance data using LA (Buzzi et al., 2016). The learning game allows for 
assigning and monitoring tasks remotely, encouraging learning according to individual 
needs, and analyzing the results obtained from learning. The second example is an attempt 
to provide support by opening a learner model using LA and detecting reading difficulties, 
such as learning style and cognitive traits, from the demographic submodel and reading 
profile (Mejia et al., 2016). This study underscores the importance that learners are aware of 
their own learning styles and cognitive limitations. All three cases sought to support learn-
ers with special needs and teachers using LA. It is expected that the LA-enhanced learning 
environment will further improve learning and education with AI technology in the future; 
however, in Japan, LA research to support learning has not yet become popular in SE. Fur-
thermore, limited research has provided AI-based support for the unique requirements of 
inclusive education.

AI in inclusive education

AI has the capacity to harness learners’ behavioral data, ultimately delivering personalized 
and tailored educational services to cater to individual needs, as suggested by Margetts and 
Dorobantu (2019). AI also aids in making more accurate predictions and planning learning. 
According to the same study, some local governments in the UK are already using predic-
tive analytics to anticipate future needs in areas such as SE and children’s social services. 
This prediction can also be applied to identify students who are considered to be “at risk” 
(Cano & Leonard, 2019; Slowík et al., 2021). Such warning systems are already in use in the 
United States, New Zealand, and Canada.

AI has also had a significant impact on Japanese society. Although educational big data 
have been accumulated through the use of ICT and machine learning, compared to other 
countries, it is obvious that in Japan, AI technology in the educational field lags behind the 
national level. Kazimzade and her colleagues argue that most of today’s adaptive education 
systems rarely consider diversity and that it is necessary to create heterogeneous data sets 
to train AI in inclusive learning environments to replicate our diverse societies (Kazimzade 
et al., 2019). This lack of heterogeneous datasets is particularly evident in the context of SE 
in inclusive education in Japan. In this respect, this research is one of the few to focus on 
learning support using AI for minority learners who need special support in Japan. In this 
study, we investigated how to support learners with special needs in inclusive education 
using AI technology. The research methods and experimental procedures are described in 
the next section.

Methods
Research objective

Given the need to understand how AI-driven approaches can realize future SE in inclu-
sive education in the Japanese context, we conducted a case study to explore the current 
needs, challenges, and opportunities of implementing AI.
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RQ What are the challenges and opportunities of AI-driven services for active reading 
of learners with special needs in inclusive education?

Case studies have gained considerable acceptance as valid research methods in a wide 
range of fields. In particular, Yin’s case study is said to be reliable for connecting the 
underlying theory and practice (Zainal, 2007). A case study enables us to understand 
behavioral states from the perspective of learners and subjects, which is said to be useful 
in explaining the complexity of real learning situations in detail (Zainal, 2007). Research 
on learning in SE is a large field; however, only a limited number of individuals can be 
selected as research subjects. It is valuable to accumulate data obtained from daily learn-
ing in a natural way, and we consider this experiment “a unique way of observing natu-
ral phenomena present in a series of data,” as defined by Yin’s case study (Zainal, 2007). 
Next, we present the LEAF system as a reading learning environment and workflow that 
were utilized to investigate the challenges and opportunities of AI applications.

LEAF system and its components used in a case study

We propose the use of the LEAF as an LA-enhanced AR learning environment for inclu-
sive education. LEAF is a learning environment framework that includes BookRoll, an 
e-learning material browsing system that allows learners to view digital learning materi-
als anytime and anywhere, and a group of LA dashboard modules (LogPalette) that ana-
lyze and visualize the logs learned using BookRoll (Ogata et al., 2018). BookRoll includes 
reading-facilitating functions such as markers that can be used for highlighting and 
memos that can be added as annotations. Learners can choose input methods such as 
keyboards, direct handwriting using a stylus pen, and text conversion from voice input. 
Learning logs, such as the contents of memos, portions highlighted with markers and 
their content, number of operations, and viewing time, are accumulated in the Learning 
Record Store and analyzed and visualized in LogPalette. Figure  1 illustrates the LEAF 
framework with BookRoll and LogPalette interfaces.

Participants and study context

The participants were two twelve-year-old boys (boys 1 and 2). Boy 1 attended a 
resource room for six years to receive social communication training and had 
received special support before entering elementary school. Boy 2 was diagnosed 
with autism and attended a resource room for six years. He received special support 
before entering elementary school. Resource rooms are for students with relatively 
mild difficulties, and many who attend these rooms have not been diagnosed with 
disabilities. The decision on whether one is to receive special support in a resource 
room is made by the school principal, following an appropriate understanding of the 
actual situation and a discussion with the school committee (MEXT, 2020). There-
fore, in this study, no details on the difficulty level were available for each child. 
The participants were asked to perform AR at home with their mothers. Written 
informed consent was obtained from the guardians of the students. First, the flow of 
learning activities was explained to the students and their mothers. Then, all four AR 
activities for Boy 1 which lasted about for one hour, and three AR activities for Boy 
2, which lasted approximately one and a half hours were observed by a researcher. 
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They chose a device to use, either a PC or an iPad, and chose an input method, such 
as using a keyboard for typing or a stylus pen for handwriting. In Japan, under the 
Global and Innovation Gateway for All (GIGA) school initiatives, each student is 
provided with one device. Both students had no problems operating PCs and/or tab-
lets and typing on keyboards at home by themselves. We asked them to work on 
their reading on their favorite device with the intention of doing it in a stress-free 
environment as much as possible. A case study was conducted on two students using 
BookRoll. We explain the reading-learning activities and AR procedure in the next 
section.

AR learning task

The two boys read the same four reading materials. They read individual stories using 
BookRoll. The reading process followed the AR process, which was performed using 
BookRoll in a past study (Toyokawa et al., 2023). First, in the pre-reading phase, partici-
pants were asked to have an image of the story they were going to read by looking at the 
page (title, pictures, etc.) and write their predictions in a memo. They were then asked to 
formulate questions based on their thoughts. Questions were also asked to be recorded 
in a memo. Each story contained questions on comprehension. While they read the text, 
they read the story as they looked for answers while marking the answers to the question 
with a marker directly on BookRoll. In the post-reading phase, participants reflected on 
their reading and wrote the content of the story in their own words. One week later, they 
were asked to recall the story and write about what they had remembered. We addition-
ally communicated the AR learning process to both the resource room teacher of Boy 
1 and the mother of Boy 2 with the dashboard, engaging in a reflective discussion and 
receiving their valuable feedback. The objectives and activities for each phase of the AR 
activities are explained in Table 1.

Fig. 1 Examples of the BookRoll interface, the LA dashboard, and the pen stroke analysis interface in the 
LEAF framework
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Data collection and analysis

The time spent reading and operation logs were investigated to understand each par-
ticipant’s AR process. First, the time taken for each reading task was extracted from 
the time logs, including the time taken to complete one AR session, the time taken to 
make a prediction and questions in the pre-reading phase, the time taken to answer 
questions while reading and marking the answers with a marker, and the time taken 
to write down what was understood in the post-reading phase (Table 2). The objec-
tive was to check whether there were any characteristics of reading difficulty, such 
as taking too long to read, input, and output. Then, behaviors such as frequent page 
flipping, noticeable writing, erasing, and highlighting actions were visualized as a plot 
(Fig.  2) to understand if we could detect any reading difficulties in the logs and at 
what stage of AR intervention was required. In order to investigate the reading behav-
iors, logged actions such as OPEN, MEMO, HANDWRITING MEMO, MARKER, 
NAVIGATION, TIMER, BOOKMARK, and CLOSE were extracted and analyzed, 
whose descriptions and interpretations of action logs are listed in Table 3. After the 
AR learning, as part of the experiment, we asked the resource room teacher of Boy 1 

Table 1 The AR objectives and activities conducted using BookRoll

Table 2 The time spent on active reading activities

*Total time spent on AR activities includes tasks from the three phases of AR, explanation time, and operations to move to 
the next task. Therefore, the time between the total time from the three phases and AR activities may not match
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and the mother of Boy 2 to see each student’s AR process and the visualized logs, and 
received their impressions and comments.

Analysis of the participants’ time logs

First, we investigated the learning behavioral patterns found in the learning logs 
regarding the time spent on each AR task. What the two of them have in common is 
that it took a considerably long time to write a summary (paraphrasing in their own 
words) after reading. Boy 2 took three times as long as Boy 1 to do the same. The 
average time spent on summaries for Boy 1 was (m = 6.28 for 3 summaries), which is 
approximately 76% of the total average AR activity for Boy 1. The average time spent 
on summaries for Boy 2 was (m = 22.37 for 2 summaries), which is approximately 96% 
of total AR activity. A summary of the time spent on the AR tasks is presented in 
Table 2.

Analysis of the participants’ operation logs

We then attempted to visualize the AR performance of the two participants from the 
operation log, which is depicted in the plots in Fig. 2. Overall, we confirmed that the 
participants progressed to AR according to the following AR procedure: pre-, while-, 
and post-reading phases. What we could clearly observe from the plots was that dur-
ing the first AR activity, Boy 2 with LD noticeably wrote and erased his handwriting, 
and during the second AR activity, he frequently flipped pages, touched the timer, and 
wrote and erased his memos. The third AR seemed to proceed smoothly without any 
extra action; however, the fourth AR was not conducted.

Fig. 2 Log visualization of the AR behavior among the three students
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Analysis of the stakeholders’ interviews

In general, learners check and reflect on their own learning processes, but this time, we 
asked the resource room teacher and the mother of Boy 2 to observe the data, reflect on 
the learning, and give us their comments. Their comments were as follows:

The teacher told us that all learning with paper is stored in a file and shared with the 
parents during the interviews, which are conducted twice a year. Students’ data are 
always collected and reported to schools. She said that it would be nice if they could 
accumulate and share what they had learned using (electronic) tools. She also mentioned 
that parents need to (and want to) know what their children are doing in school. Boy 2’s 
mother said that her son cannot get rid of his obsession with things he cannot do. Due 
to this, he cannot move on to the next task, and as a result, he cannot complete the task. 
She told us that she made posters so that her son could visually check the tasks, but he 
now makes his own to-do list daily and keeps it in his school bag. She said that being 
able to see what he is doing through his learning logs helps her understand and accept 
how he is doing in school.

Table 3 Descriptions and Interpretations of Action Logs extracted from BookRoll for Analysis

Behaviors Logs on the graphs Description of action Interpretation for the activity

OPEN OPEN The reader opens the content 
in BookRoll

Open the content to browse 
and attempt the reading task

ADD MEMO The reader adds a text memo 
to the content

Leave annotation (eg., predic-
tion, questions, and summary) 
about the reading content

CHANGE MEMO The reader opens and changes 
an existing memo

Update the content of an exist-
ing memo on a page

DELETE MEMO The reader deletes an existing 
memo

Delete what was left in a memo

MEMO_JUMP The reader switches the page 
by specifying a memo list

Find memo from memo list

HANDWRITING MEMO ADD_HW_MEMO The reader adds a handwritten 
memo to the content

Leave annotation (eg., predic-
tion, questions, and summary) 
about the reading content

DELETE_HW_MEMO The reader deletes an existing 
handwriting memo

Delete what was left in a memo

MARKER ADD MARKER The reader adds a yellow or a 
red marker in the content

Attempt the learning task by 
highlighting the answers for 
the questions and/or unknown 
expressions on the page

DELETE MARKER The reader deletes an existing 
yellow or red marker

Delete highlighted parts

NAVIGATION NEXT The reader goes to the next 
page

Proceed to the next page or 
curious what is on the next page

PREV The reader goes to the previ-
ous page

Refer back to the previous page

TIMER TIMER_STOP The reader stops the timer Stop reading or finish the task

TIMER_START The reader starts the timer Start reading or a task

TIMER_PAUSE The reader pauses the timer Pause a task

BOOKMARKER ADD BOOKMARK The reader adds a bookmark 
on a page

Bookmark a page with relevant 
content to remember and easily 
navigate to it

CLOSE CLOSE The reader closes a content in 
BookRoll

Close the content or end the 
task
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Results
In this section, we discuss the findings from the case study, which can serve as evidence 
for identifying future challenges and possibilities related to the application of AI tech-
nology to SE in inclusive education.

Erratic learning engagement of students with LD in different phases of the learning 

activities and during technology usage

Learners have different time engagements and approaches to the same learning task. In 
this study on AR activities, Boy 2 required more time than Boy 1 (Table 2). The obser-
vations demonstrated that Boy 2 approached each activity carefully. He paid particular 
attention to the order in which things appeared in the story and the flow of AR itself. 
He was initially overly focused then lost concentration, gave up on the way, and could 
not complete the tasks. It was also found from the observations that it took time for him 
to write his summary with a stylus pen on an iPad for the first AR activity. He appeared 
unfamiliar with the act of writing directly on the iPad screen with a pen, but enjoyed 
using a new tool. He did not use handwriting during the second AR session but used the 
keyboard with which he was already familiar. From the logs and observations, we under-
stood that it might be time consuming for some learners to perform knowledge output 
activities, such as writing what they have understood.

Regarding technology use (Fig. 2), Boy 1 had relatively fewer extra actions in the logs 
besides AR activities, whereas Boy 2 had a greater number of extra actions that dem-
onstrated fixation behavior on ICT features. For example, several operation logs were 
detected in terms of handwritten memos, such as ADD and DELETE, during the first 
task. In the second reading task, several additional page movements and timer opera-
tions were observed (Fig. 2). In the third task, it was observed that AR was completed 
without additional operations on the logs. However, it was observed that he lost con-
centration and motivation. Consequently, he was unable to start or complete the fourth 
task. We also found that learners may end up concentrating on things other than learn-
ing, such as using e-learning features, such as timers. These pedagogical challenges must 
be addressed when creating learning designs for students with special needs.

Varied understanding of stakeholders about data‑driven learning

In this study, we faced difficulty obtaining the consent of the guardians for the experi-
ments because AR was not the type of learning support that they had originally 
requested. Some parents did not consent to the collection of their children’s learning 
data. During the interviews, we found that there was still a lack of awareness about data-
driven learning, such as how BookRoll is actually used for learning and how logs are 
used to support learning. However, it was also clear that the teacher and the mother 
were looking forward to the possibility of employing data-driven learning and sharing 
learning processes effectively using technology.
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Discussion
In this section, we first discuss the limitations of the current study and then address the 
possibilities and challenges of AI-driven special needs learning in inclusive education.

Limitations and solutions for the sample size

One of the limitations of the current study is its sample size, as there were only two sub-
jects. In resource rooms in Japan, class activities are usually offered by one teacher to 
either individual students or small groups for a limited time. Therefore, only a limited 
number of students can receive support each day. In addition, not all schools in Japan 
have resource rooms. Hence, it was difficult to recruit a large number of participants 
for this study, even if subjects were collected from multiple schools. Additionally, some 
parents were not willing to participate in the research and did not consent, making 
recruiting subjects a major challenge. Thus, it may be difficult to apply and generalize 
the results of the current study to a broader context. In addition, the small sample size 
may suggest the possibility of bias in the data analysis. To minimize this possibility, we 
used log data from the participants’ learning process and attempted to visualize the data 
in plots instead of collecting data from conventional sources such as surveys, tests, and 
observations. Two researchers performed the confirmation and interpretation of the 
logs. The results confirmed that differences in the reading process between the two par-
ticipants, such as differences in how they approached AR and how they used the tools, 
were interpreted in the same way. Learning evaluations and decision-making regarding 
whether to provide students with support have often been made based on the evaluation 
of learners’ artifacts, observations, survey results, communication among stakeholders, 
and subjective measures such as teachers’ perceptions or parents’ intentions, which may 
lead to biased judgments or unnecessary support. Although these assessment methods 
remain essential, by being able to clearly show artifacts and the learning process through 
log visualization, not only researchers, but also school administrators, teachers, and par-
ents can objectively judge a child’s learning progress and make decisions about support 
provision.

Improving learning design for continuous learning

As mentioned in the existing literature, the majority of research and experiments on 
reading-based learning typically conclude at the end of the study period, often failing 
to foster lasting reading habits among learners (Gersten et al., 2001). We must acknowl-
edge that there was a need to repeatedly conduct AR activities over time in this study 
as well. Additionally, it is difficult for learners who have difficulty concentrating to con-
tinue learning if they are not satisfied with their learning activities. Designing learning 
activities to suit learners’ needs and preferences is necessary for learning satisfaction 
and continuation (Salas-Pilco et al., 2022). The AR procedure employed in this study was 
segmented into three phases. However, taking learners’ attention spans into account, it 
is imperative to focus on AI applications that offer precise, individualized guidance and 
feedback for more effective interventions. AI assists learners in learning at their own 
pace outside the classroom and school. Learners can then use the dashboard to monitor 
the learning process and learn to reflect and understand so that they can develop and 
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improve their cognitive and metacognitive skills. Learning activities and pedagogical 
approaches should be improved so that learners with special needs can continue learn-
ing independently even after the experimental period ends.

Implications for usability enhancement of the LEAF platform for SE

Existing dashboards in LEAF have an environment in which general students can reflect. 
However, current AR-D in LEAF may or may not be suitable for learners with special 
needs. Therefore, we consider updating and improving the performance and content of 
the functions and systems regarding the concept of the Universal Design of Learning 
(UDL) (Rose & Meyer, 2002). This is because system affordances and dashboard designs 
can significantly impact perception, behavior, and acquisition. Improvements in the usa-
bility, accessibility, and reliability of the system are often indicated in past studies (Buzzi 
et al., 2016; Mejia et al., 2016). Improving the system and developing an AI-driven LA 
dashboard based on real data should be considered so that all learners, including stu-
dents with special needs and their stakeholders, can easily manage their learning and 
reflect on it, which will help mitigate learners’ difficulties.

Log data‑driven solutions and potentials of AI for AR

In this study, we observed variations in the time needed for AR and the approach 
adopted for the same learning task among different learners. Students with LD have 
been found to process information inefficiently and not to understand appropriate read-
ing strategies, which can lead to unexpected learning failures in comprehension and 
decoding (Gersten et al., 2001). For such learners, it is essential to present the steps of 
“what has been achieved” and “what needs to be done” explicitly and offer cues to help 
them complete the task and progress to the next step (Gersten et al., 2001). In today’s 
data-driven learning environments, such as LEAF, it is possible to notify learners of 
task completion and reward them to boost their self-esteem and motivation to read and 
learn. The utilization of log data may lead to more efficient learning. Further, AI com-
plements learners’ previous knowledge and skills. For example, it would be possible to 
use natural language generation to support reading-learning by navigating the contents 
and the flow of reading activities in an easy-to-understand manner using both text and 
audio. First, we demonstrate each phase of a potential AI-driven AR approach in the 
future based on the results of a case study.

[Pre‑reading phase]

Although learners with LD are good at many things, they are said to fall behind other 
students in reading comprehension because of difficulties like making predictions and 
having limited imagination and cognitive biases (Randi et al., 2010). However, such stu-
dents can be instructed to improve their reading comprehension by using pre-reading 
strategies that activate their attention and prior knowledge (Gersten et  al., 2001). AR 
uses information such as visual and auditory aids to help learners create an image of 
what they are about to read before (or even while) reading. However, for students who 
are struggling with reading, AI automatically measures the time required, the length, and 
the difficulty of a text, integrates it with information from the accumulated learner’s data 
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such as their reading speed, weakness, and preferences, and assists them in the reading 
process. For example, for students who have difficulty imagining textual information, AI 
generates and provides visual information to make visualization easier. For learners who 
have difficulty following the order of learning activities, AI can aide learners with audio 
or textual guides or ask them what they want next to guide their learning. It may also 
display filters to help students choose what to do next or use past data to calculate the 
time required for each learner to learn and intervene to complete a task at the appropri-
ate time. In addition, it may activate the learners’ existing knowledge by guiding them to 
vocabulary quizzes and chapters related to the reading content, and provide information 
relevant to the content they are about to read. In this way, when learners become stuck 
and cannot predict or create an image of the story during the pre-reading phase, AI may 
intervene to stimulate their previous knowledge and offer assistance, such as by provid-
ing an advanced organizer framework (Idol-Maestas, 1985) to guide them on what to do 
next.

[While‑reading phase]

There are various types of reading difficulties given as examples, such as difficulty with 
concentrating on one thing, following procedures, completing task thing through to the 
end, reading information from a text alone, and inability to empathize with the emotions 
and viewpoints of the characters, or just simply taking too long to read (Randi et  al., 
2010; Ryan, 2007). AI can offer cues to help learners maintain focus on their reading 
objectives and assist them in identifying corrective actions when necessary steps are not 
completed. When unnecessary actions are detected, AI can redirect learners’ attention 
towards the task at hand. AI may thus enable learners with special needs to work on 
AR learning alone, which was said to be difficult for them (Gersten et al., 2001). At the 
current stage, we developed and tested a text recommender in the LEAF system that 
automatically recommends reading materials based on the logs from markers used for 
vocabulary during AR. In the future, AI will recommend reading materials that match 
learners’ levels and preferences based on the outcomes from the AR activities, such as 
different stroke orders, selecting wrong characters, spelling errors, and frequently used 
words and content stored in memos. AI will assist in making connections with previ-
ously read materials and helping students consolidate and develop what they have read 
by recommending chapters to review and reading materials to work on next. Moreover, 
AI may act as a reading agent or invite peers and teachers as intermediaries for recip-
rocal teaching interventions and mutual guidance that improves reading comprehen-
sion through communication with others. In this way, AI may provide opportunities for 
learners to receive feedback and encouragement from others and cultivate independent 
abilities in connection with others.

[Post‑reading phase]

In this case study, students wrote their understanding of the stories in memos using the 
keyboard and their handwriting. Currently, the iPad’s Speech Recognition function is 
available for learners who are not good at writing. It is possible for learners to use the 
voice-to-text function to input what they imagined, understood, and thought about a 
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story into BookRoll memos. This allows for the collection and analysis of data in the 
LEAF system.

Current reading learning does not end with understanding what was read but requires 
the ability to develop beyond that and apply information that can be used in real life. 
These application and practical skills may be enforced through interaction with others. 
In an inclusive learning environment, learners with and without learning difficulties co-
exist. In particular, encouragement from peers may develop learners’ perseverance in the 
face of challenges and improve their comprehension and learning performance (Gersten 
et  al., 2001). For class activities, data-based group formation can be applied in which 
groups are created to work together to deepen and develop an understanding of what 
they read. This is possible with the current LEAF, and group formation parameters such 
as homogeneous, heterogeneous, random, and jigsaw can be adjusted depending on the 
learning purpose, learner characteristics, and other considerable factors (Liang et  al., 
2023). Further, AI will be able to pair learners who need help with learners who have 
already completed a task, or create peer help groups based on log data. For example, AI 
would recommend a human learning companion and/or an AI agent, or called peda-
gogical agents (Savin-Baden et  al., 2019), to read together. Peers can be selected from 
humans or AI in the future, creating an environment that promotes learning and reading 
together. This may reduce the burden on the teacher in a busy classroom, provide feed-
back suitable for the individual with the help of AI and the people around it, and manage 
and orchestrate the class activity efficiently. Depending on the learner’s progress, AI can 
facilitate a unique inclusive learning experience by potentially involving human inter-
vention and reflection.

AI for facilitating learning reflection and decision‑making

Using the LEAF system for AR activities allowed us to capture and visualize participants’ 
reading processes and detect salient behaviors and insights in learners with special 
needs. Furthermore, the visualized learning process and artifacts were shared between 
the resource room teacher and the mother. In the LEAF learning environment, learners 
can use the dashboard to reflect not only on the results but also on the learning process. 
Reflection encourages learners’ metacognition by allowing them to reflect on their own 
thinking, and self-reflection provides an opportunity to evaluate their own cognitive pro-
cesses (Gersten et al., 2001; Silver et al., 2023). Generally, learners reflect on their own 
learning and deepen their understanding, and teachers review their learning and decide 
what to do next. However, some learners find it difficult to reflect on their own learning. 
In the AI-driven inclusive education expected in the future, AI may be used to support 
reflection on reading learning using both text and audio. Using log data from learners’ 
own learning activities enables more personalized feedback by highlighting interesting 
and hidden patterns. An AI agent will also play an active role. It will sense “done” or 
“not done” and provide options for what steps to take while emphasizing what learners 
can do to increase their self-affirmations. For learners who have difficulty understanding 
information from graphs and tables, or from texts, audio, and visual images will be auto-
matically selected and added to make it easier for them to understand the information 
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presented on the dashboard to assist in learning comprehension. AI will also automati-
cally explain the data displayed on the dashboard, making it easier to understand not 
only for learners and teachers but also for parents and other educational supporters. This 
can improve the efficiency and effectiveness of the decision-making process. For exam-
ple, learners can decide what to learn next, teachers can choose and plan the next activ-
ity, and teachers, school administrators, and parents can decide what kind of support 
learners will need. AI will further encourage human intervention, making it possible to 
judge their learning more objectively with the help of stakeholders such as teachers and 
parents, thus facilitating a unique and comprehensive learning experience.

Data sharing and portability

Data on each student in the SE are necessary to determine the support that should be 
provided according to the student’s developmental stage. Resource room (and home-
room) teachers are obligated to keep records of students’ learning and progress and to 
report to the school and parents in accordance with them. Support and data sharing 
are currently primarily conducted using printouts, which are stored, filed, and shared 
with parents and schools, along with notes on the teacher’s observations during class. 
In a data-driven learning environment like LEAF, parents can also use the dashboard to 
check their child’s growth and objectively consider future support based on logs. One of 
the potential expectations of a data-driven learning environment is the sharing of learn-
ing data widely and throughout life with other stakeholders such as other educational 
institutions and local governments.

The personal data of learners with special needs are shared and transferred across 
institutions to ensure that they are adequately supported. Even in the event of a change 
in the learning environment, such as transferring to a different school, graduating from 
one institution, or progressing to the next educational stage, past learning and support 
data can be preserved and transferred upon request. The insights we gained from the 
teacher interview underscored the significance of the secure and seamless sharing and 
portability of data. The LEAF system is used by students from elementary schools to 
universities. It will be possible to safely transfer learning data across multiple learning 
contexts with the integration of blockchain, such as BOLL (Ocheja et al., 2019), and stu-
dents’ learning logs in BookRoll can be transferred to the next learning context. Further, 
AI will recommend the relevant schools and/or assist learners in making evaluations 
and decisions when moving up to higher education or finding employment. However, 
to enhance safe data sharing and portability, it is necessary to obtain the stakeholders’ 
understanding of learning using AI technology and enhance the data literacy of teachers 
and learners as well as that of other stakeholders.

Dissemination and awareness of AI‑driven learning

AI has the potential to impact not only students in inclusive education but also teach-
ers and other stakeholders like parents. In today’s learning environment in which edu-
cation and technology are integrated, teachers are required to possess a wide range of 
diverse competencies such as technical, pedagogical, and content knowledge (TPACK) 
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to deal with complex learning situations (Mishra & Koehler, 2006). According to MEXT 
(2021a), in order to obtain a teaching license for elementary and junior high school in 
Japan, all teachers will be required to have practical training regarding special educa-
tion including nursing care experience, as well as developing data literacy and ICT skills. 
Past literature has indicated the need for specialized pre-training for learners and teach-
ers (Leshchenko et al., 2020; Starks & Reich, 2023) and digital literacy and technology 
(Starks & Reich, 2023). The current study further highlighted these needs for teachers 
and parents. Our findings also implied that learners’ and teachers’ understanding of 
the potential of new technologies still remains low in Japan, as noted in other countries 
(DeCoito & Richardson, 2018; Hirsto et al., 2022; Salas-Pilco et al., 2022). We found that 
not all parents welcome or approve of data-driven learning.

As cited by UNESCO, one of the challenges related to implementing AI in education 
is transparency and fairness considerations in the collection, use, and dissemination of 
personal data (2019). In order to dispel these concerns and gain understanding, it is nec-
essary to disseminate information literacy and provide training not only to learners and 
teachers but also to other parties involved in supported learning. One of the solutions 
we suggest includes involving all stakeholders in the learning environment to objectively 
share a common understanding. This inclusion of stakeholders in the design, develop-
ment, implementation, and evaluation of systems used for learning could help them 
understand data- and AI-driven learning, thereby increasing their understanding of its 
importance. This may also resolve issues such as misunderstandings between stakehold-
ers. To this end, we maintain close contact with local schools, expanding technical and 
educational support, and continuing to implement supportive and interactive learning.

While some challenges remain, AI-driven learning offers positive impacts for learners, 
teachers, parents, and all other stakeholders. This pilot study implies that the duties of 
the resource room teacher were diverse, including, for example, continuously sharing 
students’ information with other stakeholders like homeroom teachers and parents and 
providing optimal individualized support to each student. Emerging technologies such 
as ICT and AI will lead to the efficient management and coordination of class activi-
ties, such as improving instruction and creating teaching materials, which will hopefully 
result in work style reformations. This could include reducing teachers’ workloads and 
shortening waiting lists of students who are unable to receive support in a resource room 
due to a lack of human resources and difficulty in coordinating time (MEXT, 2021b). 
Furthermore, school administrative support related to special needs education, the crea-
tion and sharing of individual education, and various information will become easier, 
which will directly lead to the improvement of school operations and the enhancement 
of portability between schools and related organizations. This study highlighted these 
possibilities through learning with BookRoll and sharing the learning process with 
teachers and parents on the dashboard. Collaboration with stakeholders expands the 
learning opportunities for all students in inclusive education.
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Conclusion
To date, no study in Japan has investigated the challenges and possibilities of using AI in 
the context of actual inclusive educational settings from the LA perspective. Therefore, 
we undertook a case study to explore how an AI-driven approach can materialize the 
vision of SE as a supportive framework for learners with diverse needs in the context of 
inclusive education in Japan. In today’s data-enhanced learning environment, it is possi-
ble to detect and visualize specific learning behaviors using learning logs obtained from 
daily learning. By integrating AI technology into the current learning context, we found 
that individual learners can be provided with more efficient and appropriate learning 
and reflections on learning. However, while some teachers and parents, such as our par-
ticipants, look forward to opportunities to objectively reflect on learning and provide 
further support using AI technology assistance, we realized that obtaining assent and 
understanding from teachers and parents along with fostering data literacy remains a 
challenge for future inclusive education utilizing AI.

Our future work includes pursuing the possibilities of an AI-driven inclusive learning 
environment in which all learners are expected to receive equal learning opportunities 
and optimal support with the co-progress of stakeholders. This cannot be achieved with-
out a considerable amount of data. In Japan, the GIGA initiative has created an environ-
ment for data utilization on a national level. Although it has been pointed out that data 
utilization has not fully penetrated Japan compared to other countries (MEXT, 2022c), 
the country is working to build a large-scale data sphere that supports the use of AI, 
which has created an environment for the effective use of logs. As the use of educational 
informatization progresses on a larger scale, the data problems and generalizability con-
cerns found in this study may be resolved. Based on the logs collected from the previ-
ous and upcoming implementations, we will derive an AI algorithm that will realize and 
aim to create an AI-driven inclusive learning environment that can provide individually 
optimal learning support to each learner in cooperation with stakeholders. From there, 
we will pursue evaluating the impact of AI and understanding the actual situations for 
inclusive education.
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