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ABSTRACT

This paper explores the interrelation between multilingualism, translanguaging, and Content and Language Integrated

Learning (CLIL)/Integrating Content and Language in Higher Education (ICLHE) within the context of distance and digital

learning environments. Drawing on a literature review (2019–2023) and an analysis of international implementations, the

study highlights the pedagogical, technological, and social dimensions of CLIL/ICLHE in the era of digital multimodality.

Specifically, it emphasizes translanguaging practices as mechanisms for cognitive scaffolding, the reinforcement of student

identity, and the promotion of participatory and inclusive learning. This paper demonstrates that the effectiveness of distance

CLIL programs depends on the clear alignment between linguistic and cognitive objectives, the continuous professional

development of educators, the effective use of multimodal digital tools, and the assurance of digital equity and equal access.

Furthermore, it underscores the emerging role of artificial intelligence as a means of providing feedback and supporting

adaptive learning, with particular attention to ethical implementation and the cultivation of AI literacy. The findings lead

to the formulation of a comprehensive framework based on 5 core research questions for the sustainable integration of

CLIL/ICLHE into digital learning ecosystems, where multilingualism and multimodality serve as key drivers of creativity

and social inclusion. As such, our study concludes that the future of education is unavoidably multilingual, multimodal, and
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interconnected, demanding innovative pedagogical models that reflect the complex realities of the contemporary knowledge

society.

Keywords: CLIL; ICLHE; Translanguaging; Multilingualism; Multimodality; Distance Learning; Digital Learning;

Artificial Intelligence

1. Introduction

Globalization and the COVID-19 pandemic have made

the use and importance of distance learning highly essential,

yet multilingual students face multiple barriers in access, en-

gagement, and equity. In order to address this, CLIL/ICLHE

integrates content and language effectively in physical set-

tings, while digital multimodality demands adaptation, thus

leveraging translanguaging for cognitive scaffolding and

identity support.

Specifically, recent literature from 2019–2023 reveals

mixed outcomes, as, based on the analysis presented in the

below-mentioned chapters, online CLIL succeeds with mul-

timodal tools (e.g., quizzes, subtitles) but fails in situations

without teacher training, monitoring, or linguistic equity.

This means that gaps develop and persistently apply in class-

rooms in frameworks bridging pedagogy, technology, and

policy for sustainable digital CLIL/ICLHE.

Before diving into this paper, we must specify that

our focus is to provide a top-down approach and explain

all the parts that showcase the gaps in existing frameworks

and applications (policies) regarding pedagogy, technology,

and policymaking for sustainable digital CLIL/ICLHE. Our

framework and rationale try to address these by focusing on

the following research questions:

1. Why access and learning outcomes in multilingual dis-

tance education matter (RQ1);

2. Why translanguaging and multimodality in digital

learning environments matter to support content un-

derstanding and participation in digital CLIL/ICLHE

(RQ2);

3. Why CLIL/ICLHE conditions in a distance learning

setting matter (RQ3);

4. Why is language-sensitive course and assessment de-

sign essential for inclusion in MOOCs? (RQ4); and

5. Why do socio-emotional factors and social presence

shape success for multilingual learners online? (RQ5).

As such, to address these questions, one should pro-

vide information regarding the generic frame of the subject.

Firstly, migration flows and the widespread use of English as

a lingua franca have fostered multilingual and multicultural

learning environments. The COVID-19 pandemic further

accelerated the adoption of distance and hybrid teaching

models, bringing to the forefront the critical issues of dig-

ital accessibility, pedagogy, and linguistic support. Within

this context, CLIL/ICLHE promotes the integrated teach-

ing of content and language, aiming to develop academic

literacy and deepen disciplinary understanding. As such,

translanguaging offers a theoretical foundation for leverag-

ing the learner’s full linguistic knowledge as a cognitive

and communicative resource. Consequently, contemporary

perspectives on multilingualism acknowledge the dynamic,

repertoire-based use of languages and semiotic resources.

Translanguaging thus entails the strategic and flexible de-

ployment of all linguistic means available to the learner for

deep understanding and knowledge construction.

CLIL, grounded in its four foundational pillars-Content,

Communication, Cognition, and Culture-and its extension as

ICLHE in higher education, necessitates explicit language

scaffolding, cross-curricular collaboration, and learning-

oriented assessment. In digital learning environments, mul-

timodality enables richer, more diverse representations of

knowledge and interaction, supporting both comprehension

and expression.

As such, this paper can be used as a conceptual frame-

work that applies methodologies and the architectural design

principles and objectives of recent literature (2019–2023) on

translanguaging and CLIL/ICLHE in digital environments.

Specifically, through the analysis of international case stud-

ies, it proposes a novice practical framework of operation

that incorporates and focuses on pedagogical, technologi-

cal, and equity challenges rather than strict empirical data

collection and analysis.

In recent research, the literature indicates that educa-

tion systems incorporating multilingual strategies into their

official frameworks tend to demonstrate greater resilience
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during times of crisis. As Banegas and Porcedda et al. [1,2] ob-

serve, Latin American countries exhibited diverse responses

to the pandemic, with those that had established bilingual

education policies managing to integrate multilingualism

more effectively into distance learning contexts.

Accordingly, educational policies and systemic frame-

works should prioritize three key areas:

• Ensuring equitable access to digital media, tools, and

infrastructure for all learners.

• Embedding multilingual practices within both teaching

and assessment processes.

• Providing continuous professional development for ed-

ucators, with a focus on CLIL, ICLHE, and translan-

guaging methodologies.

Only through coordinated policies that recognize mul-

tilingualism as an asset rather than an obstacle can distance

learning become more equitable and effective. This pa-

per investigates the relationship between multilingualism,

translanguaging, and integrated language–content instruction

(CLIL/ICLHE) within digital learning environments. In the

aftermath of the COVID-19 pandemic, distance education

has become central to the learning process, redefining con-

ventional modes of teaching and communication. The paper

specifically highlights how multilingualism functions as a

means of student empowerment and how translanguaging

practices can reinforce the holistic learning approach advo-

cated by CLIL. Drawing on recent literature (2019–2023),

the analysis seeks to develop proposals for pedagogical and

technological frameworks that foster participation, language

awareness, and equitable access to knowledge.

The central research questions (RQ) guiding this paper

are the following:

• Main RQ: How can multilingualism and translanguag-

ing be integrated into digital CLIL/ICLHE so that learn-

ers access content, participate equitably, and achieve

strong outcomes?

• RQ1: Why do access and learning outcomes in multi-

lingual distance education matter, and which structural,

linguistic, and design barriers most strongly drive these

inequities?

• RQ2: Why do translanguaging and multimodality

matter in digital learning environments and thus im-

prove content understanding and participation in dig-

ital CLIL/ICLHE, and under what conditions do they

support measurable learning gains?

• RQ3: Why can CLIL/ICLHE conditions in distance

learning settings be redesigned for digitally mediated

interaction, assessment, and feedback, and which de-

sign choices reduce language bias while preserving

academic rigor?

• RQ4: Why is language-sensitive course and assessment

design essential for inclusion in MOOCs, and which

scalable supports best reduce dropout and widen par-

ticipation for multilingual learners?

• RQ5: Why do socio-emotional factors and social pres-

ence shape multilingual learners’ success online, and

which community-building practices reduce anxiety and

sustain engagement over time?

To address this question, the paper is structured into

several thematic sections that reflect the most frequently

discussed dimensions of the topic.

Analytically, we begin by examining issues of equal

access and learning outcomes, focusing on the challenges

and perspectives identified in recent studies that explore both

the psychological aspects and the overall educational devel-

opment of multilingual individuals. Secondly, we showcase

translanguaging and multimodal practices in digital spaces,

not only by defining the concepts but also by presenting

platforms and tools that have emerged through technological

advancements. These include digital resources and learn-

ing methods that facilitate language acquisition and cross-

linguistic understanding.

Thirdly, we explore the application of CLIL/ICLHE

in distance learning contexts, emphasizing both practical

tools (e.g., quizzes, videos, and interactive whiteboards) and

broader systemic issues, including the lack of professional

training and unequal technological access. We highlight the

need to reinforce, rather than impose, the use of these tools

while addressing the absence of standardized evaluation for-

mats.

Fourthly, we examine language-sensitive course design

and assessment in open and accessible MOOC platforms,

with a particular focus on courses dedicated to language learn-

ing. This section also considers how automatic translation

and note-taking tools can enhance students’ comprehension,

engagement, and participation in online courses.

Finally, we present a broader discussion of motivation,

emotional engagement, and the sense of social presence in
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remote education and the respective policies and suggestions.

As such, the paper concludes with a comprehensive frame-

work of operation derived from our analysis. In the following

sections, we elaborate on these five thematic questions (5

Why questions) and introduce the proposed framework in

detail.

2. Methodological Approach

To develop and propose our framework, this paper is

based on research published between 2019 and 2023 on mul-

tilingualism, translanguaging, and CLIL/ICLHE in digital

and distance learning environments. Our search queries

were conducted using known indexing service databases.

Analytically, we used Scopus, Web of Science, ERIC, Di-

mensions, TIB–UB–German National Library of Science

and Technology, and Ulrich’s International Periodicals Di-

rectory. Lastly, we also used broader indexing services

such as SCIRUS, EBSCO, Crossref, CNKI, and CiteSeerX.

Lastly, we focused on social media publishing platforms

such asAcademia.edu, ResearchGate, and preprint platforms

such as Qeios, arXiv, and MDPI’s Preprints. All searches

were made using an algorithm of all our query keywords,

and then we manually extracted and read the end result. A

UML-based analysis and presentation of our Java imple-

mentation is provided inAppendix A. Also, our search used

combinations of the most commonly found keywords of our

research, i.e., ‘CLIL’, ‘ICLHE’, ‘translanguaging’, ‘multi-

lingual’, ‘online learning’, ‘distance education’, ‘MOOCs’,

and ‘digital multimodality’.

Moreover, our inclusion criteria required that the stud-

ies:

• Were peer-reviewed, or at least they were uploaded to a

platform with a DOI or another digital identifier.

• The identified papers should be journal articles, book

chapters, or major institutional reports.

• Papers should address or outline blended learning con-

texts or explicitly engage with multilingual learners,

translanguaging, or CLIL/ICLHE-related pedagogies.

Similarly, exclusion criteria were:

• No theoretical paper could be included without a con-

nection to digital learning or generally non-educational

applications.

• Publications before 2020 were not used unless there was

a case-specific need or importance, such as landmark

policy reports (e.g., OECD, UNESCO).

3. Research Question 1: Why DoAc-

cess and Learning Outcomes in

Multilingual Distance Education

Matter?

Distance learning, implemented on a large scale follow-

ing the outbreak of the COVID-19 pandemic, showcased the

challenges of ensuring equal access and comparable learning

outcomes for multilingual students. Learners from diverse

linguistic backgrounds, such as English Language Learn-

ers (ELLs) and Multilingual Learners (MLLs), were con-

fronted with situations demanding not only technological

familiarity but also sufficient linguistic competence to effec-

tively navigate digital platforms. The transition to online

learning environments revealed a dual challenge: on the one

hand, technical and socioeconomic barriers, and on the other,

language-related obstacles that restricted both participation

and academic performance [3–6].

International research has shown that multilingual stu-

dents were more likely to face connectivity issues, a lack of

adequate equipment, and limited support from their family

environment, particularly when parents did not speak the

language of instruction [7,8]. As a result, this inequality had a

direct impact on learning outcomes. In practice, the inability

to attend classes in real time, reduced access to individual-

ized support, and introduced difficulties in understanding

instructions, which led to lower performance in core subjects,

especially mathematics and language [6].

Data from the Organization for Economic Cooperation

and Development [4,5] indicates that the pandemic intensified

pre-existing educational inequalities. The annual report Ed-

ucation at a Glance [4] emphasized that English Language

Learners (ELLs) experienced statistically significant learn-

ing difficulties, greater than those of their monolingual peers.

This observation is supported by findings from the National

Center for Education Statistics [9], which revealed that 10.4%

of students in the United States are ELLs, one of the groups

most vulnerable during the transition to distance learning.

The absence of direct teacher–student interaction fur-

ther weakened the “scaffolding” mechanisms that tradition-

ally support learners with limited language proficiency in
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understanding concepts through examples, visualizations,

and continuous feedback [10,11]. In digital learning settings,

interaction time was often restricted, rendering these students

increasingly dependent on asynchronous materials that were

not always linguistically accessible [12,13].

Furthermore, evidence indicates that multilingual stu-

dents were more likely to disengage or drop out of distance

learning. In the World Bank [6], it is noted that participation

among Multilingual Learners (MLLs) in online classes de-

clined sharply, primarily because schools failed to provide

sufficient multilingual communication channels or bilingual

technical support for families. This situation created a vi-

cious cycle: limited access led to reduced participation, re-

sulting in lower performance and, ultimately, a heightened

risk of educational exclusion.

The literature also highlights the psychological dimen-

sion of this issue. According to Jiang et al. [14], ELLs experi-

enced increased levels of anxiety and diminished motivation

in online classes. The inability to use their native language

during digital interactions reduced both self-confidence and

active participation, especially in contexts where assessment

relied heavily on written, linguistically demanding tasks.

At the same time, research stresses that multilingual

students do not form a homogeneous group. As Kuzem-

bayeva et al. [15] emphasize, the “visibility” of their needs

varies depending on language proficiency, socioeconomic

status, and the degree of political or institutional support

available at the local level. Consequently, in countries and

schools that implemented bilingual support measures, such

as parallel language materials, translated instructions, or the

presence of language mediators, education, inequalities were

mitigated to a greater extent [4,5,16].

A similar picture emerges in higher education. Inter-

national students and ELLs studying at universities abroad

reported lower satisfaction and greater difficulty adapting

to digital platforms where learning materials and instruction

were exclusively in the target language, without supplemen-

tary linguistic support [16,17]. This not only affected their aca-

demic performance but also hindered their social integration,

as remote learning environments limited the development

of interpersonal relationships that often serve as informal

support networks.

Reports by the World Bank and UNESCO [6,16] em-

phasize that the linguistic dimension of distance learning

must be embedded within broader educational equity poli-

cies. UNESCO, in particular, underscores that incorporating

the mother tongue into instruction, even within digital for-

mats, can help reduce learning gaps and promote educational

inclusion. However, during the pandemic, most countries

lacked the strategies and infrastructure necessary to imple-

ment such measures on a large scale.

Overall, the evidence indicates that distance learning

functioned as a magnifying lens, exposing and amplifying

the inequalities already faced by multilingual students. Tech-

nical and socioeconomic barriers, compounded by linguistic

challenges, led to increased risks of educational exclusion.

These findings confirm the need for future distance learning

strategies to consider the multilingual realities of classrooms,

not as peripheral factors, but as central components of equity

and educational effectiveness.

In conclusion, this section demonstrates that equal ac-

cess and learning outcomes in distance education cannot

be meaningfully assessed without accounting for students’

linguistic backgrounds. Multilingual learners require sys-

tematic support not only in terms of technological accessi-

bility but also through linguistic and pedagogical adaptation

tailored to their diverse needs. A map illustration of the

elements explained above is presented in Figure 1.

Figure 1. Illustration of RQ1 Properties.
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Synthesis and Gaps

As such, in terms of RQ1, across the reviewed studies,

we have found convergence that multilingual learners deal

with structural barriers. Specifically, this is evident in digi-

tal education, especially when platforms and materials are

designed for monolingual, highly literate users. Moreover,

empirical research has shown that there are also problems,

such as limited connectivity, device sharing, and the absence

of linguistic support, that augment existing inequalities and

lead to lower-than-expected participation and engagement.

As such, large-scale policy reports highlight that existing

systems that do not consider multilingualism in their remote

learning principles tend to reproduce and expand pre-existing

learning opportunity gaps.

Similarly, literature suggests that important gaps exist

in other areas as well. For example, while many existing

studies document ease of access as a decisive factor, rela-

tively few provide longitudinal evidence on monitoring the

ways these inequalities evolve over time or across educa-

tional levels. Moreover, the lack of comparative research

between different contexts and policies does not help clarify

which method and action is better, thus which is the optimal

and effective plan to follow to mitigate digital exclusion.

4. Research Question 2: Why

Translanguaging and Multimodal-

ity in Digital Learning Environ-

ments Matter?

The concept of translanguaging has become central to

contemporary discussions on the education of multilingual

students, particularly within the context of distance learn-

ing. Unlike traditional notions of bilingualism, which treat

languages as separate and self-contained systems, translan-

guaging acknowledges the holistic and dynamic use of all

learners’ linguistic resources to construct and convey mean-

ing [18].

Distance learning environments offer new opportuni-

ties for the implementation of translanguaging practices,

largely due to their inherently multimodal nature. On plat-

forms such as DingTalk, for instance, the fluid switching

between languages and communicative modes-text, image,

video, and voice-has been shown to enhance comprehension

among students with limited proficiency in the target lan-

guage [10]. The inclusion of multimodal elements enables

learners to bridge linguistic gaps and facilitates deeper con-

tent retention.

Recent studies by Prilutskaya, Baker and Tsou, and

Muguruza et al. [12,13,19], confirm that research on digital

translanguaging has expanded exponentially since 2020, with

consistent findings demonstrating substantial pedagogical

benefits. Translanguaging practices improve access to cogni-

tively demanding subjects while simultaneously supporting

target language development through the strategic use of

the mother tongue. In asynchronous learning settings, em-

ploying multiple languages for explanations, note-taking,

and audiovisual materials has been found to significantly

increase both comprehension and learner engagement.

International literature emphasizes that translanguaging

in digital classrooms serves not merely as a tool for access

but rather as a means of empowering students. According to

Qin et al. [20], allowing learners to use their native language to

explain concepts, collaborate with peers, or record their ideas

reduces anxiety levels and strengthens self-confidence. The

emotional dimension, particularly the sense of acceptance

and affirmation of identity, emerges as a critical factor for

academic success. As such, one may consider acknowledg-

ing that language anxiety in digital settings is not only related

to foreign language learning, but also to cameras and record-

ing if evidence is needed in the different studies conducted.

In this way, it is noted that translanguaging-friendly options

(e.g., flexible modes of participation and recording) can help

learners feel safer and more willing to start engagement with

other peers and the instructor, especially when speaking or

appearing on camera increases stress.

This highlights the need for digitally mediated

CLIL/ICLHE environments to support both linguistic ex-

pression and socio-emotional comfort. However, the imple-

mentation of such practices is not without challenges. In

many cases, educators have struggled to strike an appropri-

ate balance between the target language and students’ native

languages, expressing concern that excessive reliance on the

latter might hinder progress in the former [1]. Nonetheless,

research evidence suggests that the intentional and strategic

application of translanguaging enhances proficiency in both

languages, particularly when integrated within a collabora-

tive and interactive digital environment [18].
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The relationship between translanguaging and auto-

matic translation tools is also noteworthy. Research by

Malakul and Park [21] on the use of automated subtitles

demonstrates that, although such systems remain imperfect,

they provide valuable support to multilingual learners by re-

ducing cognitive load and facilitating comprehension. How-

ever, the authors stress the importance of educating students

to engage with these tools critically and to avoid excessive

dependence on them.

The multimodal nature of digital classrooms further

enables the implementation of multilingual strategies. For

instance, students can use voice messages in their native lan-

guage to discuss concepts while submitting written assign-

ments in the target language, thereby enhancing both content

acquisition and linguistic development [12]. Similarly, find-

ings by Wu and Yu [22] reveal that learners who were able to

express themselves in multiple languages on online platforms

developed more positive emotional attitudes toward learning.

Strengthening these positive emotions through translanguag-

ing practices increased students’ resilience to challenges and

contributed to improved academic performance.

The integration of translanguaging into digital educa-

tion is also closely tied to broader questions of social justice.

As UNESCO [16] highlights, drawing upon all of students’ lin-

guistic resources acknowledges and validates their cultural

identities, thereby fostering educational equity. In contrast,

the absence of such inclusive approaches risks perpetuating

linguistic hegemony and marginalizing learners from diverse

linguistic backgrounds.

Overall, this section demonstrates that translanguaging,

when combined with multimodal practices, constitutes a suc-

cess factor in distance education for multilingual learners.

Moreover, it reduces anxiety, builds self-confidence, and

promotes inclusion by recognizing linguistic diversity as a

pedagogical asset rather than a barrier. A map illustration of

the elements explained above is presented in Figure 2.

Figure 2. Illustration of RQ2 Properties.

Synthesis and Gaps

As such, in terms of RQ2, the literature suggests that

translanguaging andmultimodality can act as useful resources

for developing positive digital CLIL/ICLHE environments.

Specifically, recent studies note that learners are motivated

to mobilize their linguistic skills using either L1 for plan-

ning, clarification, or peer explanation, and L2 for final

outputs, thus reducing their overall anxiety levels. More-

over, the combination of such practices with multimodal texts

such as videos/infographics and generally interactive material

(e.g., whiteboards) assists students in representing complex

concepts in ways more approachable and aligned with their

unique cognitive and linguistic methods of thinking.

Similarly, literature suggests that there are some limi-

tations. Analytically, teachers suggest that extensive use of

the first language alone may make it more difficult to foster

target language development. This notion is ambiguous, as

evidence from digital classrooms suggests that strategically

structured translanguaging can actually support gains in both
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languages, but there is work that needs to be done and pre-

pared for each digital and physical classroom. Furthermore,

studies that focus on isolated tools fail to compare in detail

the various translanguaging designs and task types; thus, a

gap in longitudinal studies exists. The main research gap is

how to develop translanguaging and multimodal configura-

tions that affect not only immediate participation but also

long-term language proficiency and content learning via a

framework of operations or generic, robust, comparative,

and longitudinal studies.

5. Research Question 3: Why Do

CLIL/ICLHE Conditions in a Dis-

tance Learning Setting Matter?

The CLIL (Content and Language Integrated Learning)

approach, along with its higher education adaptation, ICLHE

(Integrating Content and Language in Higher Education), has

emerged as a key pedagogical model for integrating language

learning into disciplinary instruction. Within the context of

distance education, their implementation has presented both

notable challenges and promising opportunities.

Research conducted across different educational set-

tings indicates that the online application of CLIL was often

hindered by the absence of a physical classroom and the

resulting lack of face-to-face interaction. In Kazakhstan,

for example, Kuzembayeva et al. and Sugralina et al. [15,23]

found that teachers struggled to sustain the dual focus on

content and language in digital environments. Furthermore,

the scarcity of suitable digital tools and instructional ma-

terials in local languages limited student engagement and

participation.

By contrast, a study conducted in China by Yang and

Yang [24] evaluated an online CLIL course and reported high

levels of student satisfaction, particularly when multimodal

tools such as videos, quizzes, and interactive whiteboards

were incorporated. These findings suggest that the success

of online CLIL largely depends on the quality of instruc-

tional design and the effective integration of diverse digital

resources.

The lack of professional development for teachers re-

mains a systemic challenge in the implementation of CLIL

and ICLHE. According to Banegas [1], CLIL educators in

several Latin American countries reported that the shift to

distance learning exposed the limitations of their language

awareness. Many expressed insecurities regarding their abil-

ity to effectively support students online, as they lacked

pedagogical strategies for integrating language instruction

into virtual environments.

Simultaneously, international literature highlights that

CLIL implementation in distance learning contexts is signif-

icantly influenced by technological inequalities. The studies,

Tao and Gao, andAdamson et al. [25,26], observe that unstable

internet connectivity, insufficient technological equipment,

and the absence of appropriate digital materials often hin-

der the effective realization of CLIL principles. Conversely,

in cases where there was institutional investment in digital

platforms and pedagogical support, students reported more

positive experiences and noticeable progress in language

development.

The remote application of CLIL/ICLHE also necessi-

tates the adaptation of assessment strategies. In the absence

of physical interaction, evaluation should address both lan-

guage proficiency and content comprehension, emphasizing

collaborative and multimodal tasks. Research indicates that

blended forms of assessment, such as individual and group

assignments, oral presentations, and multimedia projects, are

more effective in meeting learners’ diverse needs [26,27].

In higher education contexts, the challenges associ-

ated with online ICLHE primarily concern academic rigor

and cognitive demand. Students reported that studying dis-

ciplinary content in a foreign language through distance

learning modalities often increased their cognitive load [27,28].

However, evidence suggests that the integration of translan-

guaging strategies and the provision of bilingual materials

can alleviate this burden, promoting both comprehension

and engagement.

Comparative research across countries indicates that

the success of online CLIL and ICLHE largely depends on

the broader educational ecosystem. In systems with an estab-

lished tradition of CLIL practice, the transition to distance

learning was relatively smooth, whereas in contexts lack-

ing prior experience, the challenges were considerably more

pronounced [4,5].

In summary, the implementation of CLIL/ICLHE under

distance learning conditions has underscored the need for:

• Adaptation of teaching methods to fully exploit the mul-

timodal potential of digital environments.
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• Comprehensive training and empowerment of teachers

in language awareness and the effective use of digital

tools.

• Revision of assessment practices, emphasizing collabo-

ration, multimodal expression, and multilingual support.

The integration of these components can transform the

challenges of online CLIL/ICLHE into opportunities for in-

novative, inclusive, and pedagogically sustainable teaching.

A map illustration of the elements explained above is pre-

sented in Figure 3.

Figure 3. Illustration of RQ3 Properties.

Synthesis and Gaps

As such, in terms of RQ3, the literature shows that

CLIL and ICLHE are terms that converge traditional models

and cannot be simply transferred in their current form to dig-

ital environments. The needed redesign is being documented

and focuses on various teachers who state the difficulties and

different necessary actions and operations for maintaining

a dual focus on content and language. It is difficult to have

engagement if no actual redesign principles are applied to

simulate or suggest replacements for physical cues, spon-

taneous interaction, and shared classroom artifacts, which

are absent online. As a result, literature shows that vari-

ous national contexts apply to digital CLIL courses, such

as sequencing of input, scaffolded interaction, multimodal

resources, and overall ongoing formative assessment.

Similarly, literature showcases that this subject is not

adequately studied. Specifically, a large part of the current

work focuses on local datasets and experiments during emer-

gency scenarios of remote teaching. This means that atten-

tion is limited to sustaining current institutional implementa-

tions or comparative evaluation of alternative design models.

No actual thought or operations are being made from top to

bottom to suggest a new approach. For example, teachers are

the sole curricular factor, but not enough research is being

done on the role of optimizing the training, from microlearn-

ing labs to co-teaching models or design-based mentoring,

so as to develop digital CLIL competence.

6. Research Question 4: Why Is

Language-Sensitive Course andAs-

sessmentDesignEssential for Inclu-

sion in MOOCs?

Designing courses for multilingual learners in distance

learning environments is a critical area, as it requires bal-

ancing clarity, accessibility, and inclusion. Research indi-

cates that digital courses that overlook linguistic diversity

inadvertently create barriers to learning, whereas language-

sensitive instructional design enhances both participation

and academic outcomes [28].

According to Sanchez-Gordon and Luján-Mora [28], ac-

cessibility in MOOCs for multilingual learners extends be-
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yond technical functionality to encompass linguistic acces-

sibility. Courses that integrate multiple language options,

subtitles, and simplified language levels demonstrate higher

rates of comprehension and learner persistence.

The use of automatic subtitling and translation tools

has become one of the most prevalent means of language sup-

port in digital education. The study [21] found that automated

subtitles improved content comprehension among students

with lower language proficiency by reducing cognitive load

and increasing satisfaction. Although such subtitles are not

always fully accurate, research consistently shows that they

serve as valuable scaffolding tools that enhance accessibility

and facilitate engagement.

Assessment in distance learning contexts must likewise

consider linguistic diversity. Traditional forms of evalua-

tion, such as written examinations conducted exclusively

in one language, often fail to reflect multilingual learners’

actual understanding of subject matter [25]. Alternative ap-

proaches, including multimodal assignments, video presen-

tations, oral examinations in a preferred language, and col-

laborative projects, can more effectively capture students’

knowledge, skills, and conceptual grasp.

Research indicates that when students are allowed to

use their native language for preparation and analysis while

presenting their final work in the target language, learning be-

comes more meaningful and cognitively engaging [12]. This

pedagogical approach to leveraging linguistic diversity fos-

ters not only target-language development but also higher-

order thinking and critical analysis skills.

Equally significant is the social & emotional learning

(SEL) dimension. Studies such as those by Sanchez-Gordon

and Luján-Mora and Gitschthaler et al. [28,29] demonstrate that

assessment practices incorporating feedback that respects stu-

dents’ linguistic identities increase motivation and reduce

anxiety. For instance, teachers who allowed the use of the

mother tongue in self-assessment activities reported higher

levels of participation and more positive attitudes among

learners.

In OECD and UNESCO [4,5,16], the authors emphasize

the importance of ensuring that assessment does not operate

as a “filter of exclusion.” In practice, this entails develop-

ing evaluative frameworks that acknowledge and utilize lin-

guistic diversity to facilitate deeper content comprehension.

Tools such as bilingual instructions, bridge vocabularies, and

adaptive assessment criteria play a vital role in promoting

educational equity.

From a pedagogical standpoint, Brooke [27] argues that

language-sensitive assessment practices are most effective

when linked to collaborative learning. Through collaborative

tasks, students exchange knowledge across languages and

construct a shared understanding that transcends linguistic

boundaries.

Moreover, the integration of adaptive learning tech-

nologies can provide personalized pathways for multilingual

learners. The study [30] found that international students learn-

ing Chinese as a foreign language in digital settings achieved

better outcomes when systems offered dynamic language-

level adaptation and bilingual instructional support.

Overall, literature underscores that language-sensitive

course design and assessment are essential prerequisites

for the success of distance education. The integration of

translation tools, subtitles, multimodal assignments, and

accessibility-oriented policies represents not merely a tech-

nical enhancement but a fundamental strategy for ensuring

equality, inclusion, and meaningful learning in multilingual

digital environments. A map illustration of the elements

explained above is presented in Figure 4.

Synthesis and Gaps

As such, in terms of RQ4, literature showcases strong

agreement regarding the existing processes and practices in

digital environments for their focus on mitigating inequal-

ities for multilingual learners. As such, interesting studies

have emerged that state that traditional, monolingual written

exams are not optimal, as they underestimate the knowledge

of students who have not developed the necessary profi-

ciency in the language of instruction, where linguistically

dense answers do not allow for multimodal expression. In

contrast, research on multimodal assignments, case-specific

oral examinations, and portfolio-based assessment suggests

a more agile and flexible language-sensitive approach that

helps conceptual understanding.

Similarly, literature showcases some limitations. The

main research gap is that not many studies focus on the meth-

ods and policies to balance content and language and multi-

modality with restrictions of implementation in large-scale on-

line courses and MOOCs. Also, limited resources expand on

how institutions negotiate tensions between existing testing

methods and more inclusive assessment practices for several

courses of different subjects, from Maths to Language.
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Figure 4. Illustration of RQ4 Properties.

7. Research Question 5: Why Do

Socio-Emotional Factors and So-

cial Presence Shape Success for

Multilingual Learners Online?

Learning in digital environments depends not only on

cognitive and instructional design but also on how students

experience the educational process in terms of motivation,

emotional well-being, and social presence. Multilingual

learners face additional psychological challenges, as distance

education can intensify anxiety related to language use and

feelings of exclusion.

Empirical research demonstrates that multilingual stu-

dents often experience heightened anxiety and reduced self-

confidence in online learning settings. Studies by Maher

and King, Reiber-Kuijpers et al., and de Costa et al. [31–33]

confirm that the use of a foreign language in digital envi-

ronments, where nonverbal cues and physical presence are

absent, exacerbates anxiety levels. This emotional strain di-

minishes active participation and, in turn, negatively impacts

learning outcomes.

The psychological dimension is further compounded by

the social isolation inherent in distance learning. According

to Williams et al. and Themelis [34,35], the absence of a phys-

ical classroom weakens the sense of belonging, particularly

among students already willing to collaborate and their abil-

ity to form social bonds, both of which are marginalized by

linguistic differences. As a result, their essential components

of effective learning are significantly reduced.

Within this context, the concept of social presence,

as articulated in the Community of Inquiry model, is espe-

cially relevant for multilingual learners. Research by Brooke,

Sanchez-Gordon and Luján-Mora. [27,28] indicates that stu-

dents who experienced a strong sense of social presence

in online courses reported higher satisfaction, engagement,

and overall academic success. Consequently, strategies de-

signed to enhance interaction, such as group projects, small-

group discussions, and collaborative digital tools, are critical

for supporting the psychological well-being of multilingual

learners.

Social and Emotional Learning (SEL) also plays an

essential role. As Gitschthaler et al. [29] note, educators who

integrated SELprinciples into distance teaching through prac-

tices emphasizing empathy, identity recognition, and open

communication succeeded in increasing engagement and re-

ducing stress among multilingual students. Acknowledging

and valuing students’ linguistic and cultural identities proved

vital for fostering a psychologically safe and inclusive learn-

ing environment.

The motivation of multilingual learners is closely tied

to their perception of the value of learning and the extent

to which their linguistic identities are acknowledged. The

study [22] found that a strong sense of accomplishment posi-

tively influences performance in online courses, while Fan

and Tian [30] demonstrated that active engagement in digital

environments enhances self-efficacy and leads to improved

learning outcomes, particularly among international students.

The literature further indicates that modern strategies
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that focus on a top-down approach can reduce anxiety and

strengthen motivation. According to Qin et al. [20], students

with higher levels of readiness for online learning experi-

enced lower anxiety, suggesting that targeted training in dig-

ital learning skills can enhance the psychological resilience

of multilingual learners.

An additional dimension relates to the use of translation

and subtitling tools. The study [21] observed that students who

utilized automated translation tools reported feeling more

secure, as these resources allowed them to verify comprehen-

sion. This increased their confidence and reduced anxiety,

contributing to more positive learning experiences.

Overall, this section underscores that the psychologi-

cal and emotional dimensions are equally as important as

the cognitive for the success of distance learning among

multilingual students. Social presence, emotional support,

and the recognition of linguistic identity constitute essential

factors that enhance motivation, reduce stress, and promote

sustained engagement. A map illustration of the elements

explained above is presented in Figure 5.

Figure 5. Illustration of RQ5 Properties.

Synthesis and Gaps

As such, in terms of RQ5, emotional factors and so-

cial presence are key factors to the success of multilingual

learners in digital online education. Research suggests that

anxiety linked to foreign language use is strengthened in

digital environments where visual cues are reduced, thus

interaction can feel more surveilled. Moreover, research

showcases that when courses deliberately cultivate social

presence, e.g., through collaborative tasks, discussion fo-

rums, and synchronous small-group work, students score

higher on scales of engagement and have a stronger sense of

belonging.

Similarly, literature showcases that improved learning

outcomes are the objective, but the complexity of research-

ing them is not simple. For example, most of the studies rely

on self-reporting, thus making it difficult to trace specific

emotions and social connections that help develop a course

or an educational program.

8. Discussion, Policies, and Sugges-

tions

The experience of the COVID-19 pandemic and the

abrupt transition to distance learning underscored the need

not only for pedagogical adaptation but also for policy and

systemic interventions that explicitly account for multilin-

gualism. International organizations consistently emphasize

that educational equality cannot be achieved without strate-

gies that recognize and respond to linguistic and cultural

diversity [4,5,16].

UNESCO’s Global Education Monitoring Report [16]

highlights that the inclusion of all students (regardless of lan-
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guage) is a prerequisite for the sustainable development of

societies. The use of the mother tongue in education, includ-

ing in digital contexts, is considered essential for preventing

learning exclusion. Nevertheless, only a limited number

of education systems successfully implemented bilingual

support mechanisms during the pandemic.

The reports [4,5] found that “emergency distance learn-

ing” disproportionately affected multilingual and socioeco-

nomically disadvantaged groups. It further stresses the neces-

sity of systematic teacher training in CLIL and translanguag-

ing methodologies to ensure that educators can effectively

support learners from diverse linguistic backgrounds.

Similarly, the World Bank [6] underlines that the future

resilience of education systems depends on their ability to

create mechanisms guaranteeing equitable access to digital

resources for all students. This includes not only technologi-

cal infrastructure, such as stable internet access and adequate

devices, but also linguistic accessibility, including multilin-

gual technical support, translated materials, and bilingual

learning platforms.

In this context:

• The political dimension of multilingualism extends be-

yond classroom practice to national and international

education strategies. As Adamson et al. [26] emphasize,

CLIL and ICLHE initiatives cannot be sustained with-

out strong institutional backing, adequate funding, and

continuous teacher training. The absence of these con-

ditions limits both the effectiveness and the long-term

viability of such programs.

• The integration of translanguaging andmultimodality of-

fers tangible pathways toward inclusive digital learning.

Multimodal compositions, such as videos, podcasts, and

infographics, document how students think, reflect, and

construct knowledge. The use of bilingual documenta-

tion (for example, note-taking in the first language and

final deliverables in the target language with subtitles)

reduces stress and enhances academic precision.

• The assessment design should align with the dual

objectives of content mastery and language develop-

ment. Recommended rubrics may allocate approxi-

mately 60–70% of the weight to content understand-

ing and 30–40% to language and multimodality. Low-

stakes formative micro-tasks, e-portfolios, and peer as-

sessment using simplified checklists are suggested as

inclusive and reliable approaches.

• The teacher training should cultivate triple competence:

scientific, linguistic, and digital. Microlearning labora-

tories, collaborative learning circles, and pair-mentoring

models that combine content specialists with language

specialists represent effective training frameworks.

• In terms of equality and accessibility, adherence to

WCAG 2.1 standards is essential. Key practices include

providing subtitles and transcripts, alt-text for visuals,

low-size downloadable files, and multiple participation

pathways (chat, voice, and written). Flexible deadline

policies and explicit codes of conduct for the ethical

use of AI further contribute to equitable participation in

digital learning environments.

9. Proposed Framework for Opera-

tion and Activities

The role of the teacher in digital CLIL/ICLHE environ-

ments shifts from that of a knowledge transmitter to that of

a learning-experience designer. Instruction is organized in

short, iterative cycles that include brief input, guided practice,

collaborative exploration, and reflection. Translanguaging

functions as a bridge between comprehension and production

using bilingual glossaries, sentence frames, L1/L2 captions,

and concept maps.

9.1. Proposed 8-Step Framework for Digital

CLIL/ICLHE

Building on the five key questions (Figure 6) discussed

earlier, we propose an eight-step framework for designing

and implementing digital CLIL courses:

1. Diagnostic Test: Identify learners’ language and con-

tent baselines.

2. Declared Content and Language Objectives: Make

learning goals explicit from the outset.

3. Pre-Teaching of Terminology: Use micro-videos,

glosses, and visual scaffolds.

4. Controlled Input: Provide guided tasks that model both

content and language.

5. Transformative Activities (DMC): Engage learners in

producing multimodal, creative outputs.

6. Collaborative Inquiry: Structure group work with de-
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fined linguistic and cognitive roles.

7. Formative Feedback: Offer iterative feedback, sup-

ported by digital tools and peer review.

8. E-Portfolio Assessment: Evaluate learning through

rubrics addressing content, language, and multimodal-

ity.

The framework proposed above is presented in Fig-

ure 7.

Figure 6. Research Framework for Multilingual Distance Education (RQ1–RQ5).

Figure 7. Illustration of the Suggested 8-Step Framework for Digital CLIL/ICLHE.
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9.2. Illustrative Mini-Cases and Institutional

Policy Framework

9.2.1. Mini-Case A (RQ1): Reducing Unequal

Access/Participation in a Multilingual

Online Course

During the first year of an online course with multilin-

gual learners, unequal participation was noted as students

of lower academic language confidence posted less in fo-

rums, regularly misunderstood instructions, asked for more

information on the subject and specifications of terms, and

disengaged when tasks assumed a native-like expected speed

of answers and/or digital familiarity with existing platforms.

The instructor should observe these barriers and un-

derstand that they are not linguistic but more structural (i.e.,

unclear navigation, fast-paced discussions, etc.), thus trying

to assess the students’needs and provide more time and effort

for the ones struggling to adapt and flourish. As such, using

our proposed framework can help redesign the course with

language-sensitive task briefs (plain language, simple terms,

and lots of examples), multimodal access (brief overviews of

videos, subtitles, and transcripts), and flexible participation

modes (text/audio/visual replies and participation). In this

way, small group discussion will be introduced with roles

and turn-taking prompts, and more regular check-ins.

9.2.2. Mini-Case B (RQ2): Translanguaging

and Multimodal Task Design in Digital

CLIL

In another case study, imagine an online CLIL science

module where learners need to explore a short-duration video

on Kirchhoff’s circuit laws with captions in the targeted lan-

guage and optional subtitles in their L1. As such, they should

work in small groups using breakout rooms, where they shall

discuss in detail key concepts and areas of improvement in

their preferred language and try to develop a concept map

combining L1 notes and L2 keywords in a class forum. The

participation will become uneven when confident learners

dominate, while others rely solely on copying or avoid con-

tributing for fear that their language will not allow them to

understand and explain the content.

Our framework would suggest a course implementa-

tion of a translanguaging-friendly workflow where learners

brainstorm and collaborate in their languages during drafting.

that will include both academic terms in the final target lan-

guage and some elements of infographics, short narration, or

slides of unordered lists (words, not full sentences). As such,

this will help provide sentence starters for academic func-

tion and structure feedback during the language refinement

of the final deliverable. This will help increase participa-

tion and thus help evolve the necessary language skills and

confidence.

9.2.3. Mini-Case C (RQ3): Redesigning Assess-

ment and Feedback in Digital ICLHE

Another interesting case study would be a postgradu-

ate ICLHE course delivered remotely and online, where the

teacher replaces the written final exam with a sequence of

assessments. These are shorter, weekly, and rely more on

micro tasks, collaborative projects, and individual work and

assessment. Students will receive audio or video feedback

with comments separately on reasoning and language, while

they will be encouraged to respond in either L1 or L2 based

on the feedback.

Our framework would suggest redesigning the course

with a case-specific rationale to showcase the importance.

Firstly, students must understand the topic, then have a gen-

eral outline, and then try to focus on drafting and revision

to provide the final deliverable. This means that with feed-

back loops at each of these steps and short formative quizzes

on key areas, they can improve the quality of their final

work. Some methods could be rubrics sent separately from

language-support criteria, and students being allowed to sub-

mit multimodal evidence to reduce possible language bias.

As such, iterative feedback will help them concentrate on the

task and not on the language barriers based on their linguistic

skills.

9.2.4. Mini-Case D (RQ4): Language-Sensitive

MOOC Redesign

During a large open MOOC on digital literacy, after

the completion of the course, it is noted that the completion

percentage is significantly lower for self-reported individuals

with L2 proficiency at an intermediate level or below. The

redesign introduces more simplified language tracks for key

concepts and the course, subtitles in more than one language,

and glossaries with L1–L2 terminology and concepts for

52

Afterwards, they will produce a final multimodal artifact



Journal of Linguistics and Education Research | Volume 06 | Issue 01 | June 2023

each of these languages. Another step could be the use of

short orientation videos explaining how to use and navigate

the platform in an accessible language.

Our framework would suggest redesigning the assess-

ment to focus on language-sensitive scaling, i.e., using a

more plain-language approach with lots of summaries, key

concepts, focus on improving the captions and transcripts,

and keyword glossaries for terms and subjects. Moreover,

guided discussion prompts with model answers could help

with participation, while peer assessment would simplify the

rubrics and examples, and optional language-support tracks

could be added to support learners. As such, the expected

outcome would be a course with higher completion rates or

even better tracking numbers due to a more inclusive partic-

ipation approach, as the language barriers will be reduced

through assessment and feedback.

9.2.5. Mini-Case E (RQ5): Social Presence and

Socio-Emotional Support for Multilin-

gual Learners

Following the previous case study, let’s imagine a

blended language-across-the-curriculum course. The instruc-

tor opens each week with a brief check-in poll and an anony-

mous digital whiteboard (e.g., Miro or Padlet) where students

can share feelings or concerns in any language. The students

will be hesitant to speak for fear of negative evaluation of

their accents or grammar mistakes. As such, they will feel

socially isolated and will experience anxiety during partici-

pation and a lack of community engagement.

Our frameworkwould suggest augmenting their linguis-

tic comfort by shifting the course to have a stronger social

presence through structured, low-risk community practices.

Some examples can be welcome videos, clear methods on

feedback and respectful interactions, early anonymous contri-

butions, and smaller mixed buddy groups for meet-and-greet

activities. As such, the instructor would increase engagement

via weekly check-ins, supportive feedback tone across all

activities, and thus help promote equitable participation and

improved persistence online.

9.2.6. Institutional Policy Framework Proposal

Similarly, several potential mini-case studies can be

developed and applied in future digital CLIL/ICLHE imple-

mentations. Indicatively, the most notable ones may include

the following:

• ICLHE Management: Conduct a SWOT analysis using

bilingual vocabulary, followed by a video pitch.

• CLILNatural Sciences: Explore the water cycle through

captioned visuals and a short podcast.

• COIL (Collaborative Online International Learning):

Facilitate international teamwork culminating in a re-

search brief and visual abstract.

As for the Institutional policy framework, the main

aim must be to sustain innovation; institutions should adopt

a structured CLIL/ICLHE policy that includes a guide for

course design, a shared lesson-plan repository, micro-grants

for developing Digital Multimodal Content, peer-observation

schemes, and recognition of additional workload for teachers

engaged in bilingual and multimodal teaching.

9.3. Core Principles of the Framework

As such, following our analysis, the core principles of

the proposed framework based on our studies are the follow-

ing:

• Integrated Linguistic Ecology: The digital classroom

functions as an ecosystem of signs. The teacher orches-

trates speech, image, and sound to create a coherent

multimodal learning experience. Translanguaging acts

as a community mechanism, L1 for negotiation, L2

for final production, and multimodality for visibility of

thought.

• Identity and Participation: Participatory multilingual-

ism promotes role differentiation (e.g., note-taker in L1,

presenter in L2) and diverse forms of expression (chat,

audio, video). This reduces exclusion and enhances

immersion.

• Emotional Dimension: Targeted well-being interven-

tions, such as check-ins, anonymous feedback, and so-

cialization spaces, help reduce L2 anxiety and improve

persistence in cognitively demanding tasks.

• Intercultural Competence and COIL: International

collaborative projects create authentic contexts for L2

use supported by L1, fostering intercultural sensitivity

and negotiation of meaning.

• AI and the Future of CLIL:Adaptive feedback sys-

tems, automated text analysis, and real-time subtitles
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expand the pedagogical toolkit.

• AI literacy cultivation and promoting ethical AI use

are also essential for sustainable integration.

10. Conclusions

The success of online CLIL/ICLHE depends on trans-

parent objectives, reflectivemultimodality, participatorymul-

tilingualism, and technological ethics. Achieving these goals

requires inclusive policy frameworks, sustained training, and

open repositories of multimodal materials. Ultimately, the

future of education is multilingual, multimodal, and inter-

connected, i.e., a vision in which diversity is not a challenge

to overcome but a foundation for innovation, equity, and

creativity.

Our literature review demonstrates that distance learn-

ing for multilingual students constitutes a multidimensional

challenge. From ensuring equal access to addressing psy-

chological well-being, multilingualism emerges as a central

factor that cannot be disregarded. Based on the analysis of

the five “Why” research questions, our research findings

indicate that:

• Multilingual learners faced increased barriers in access-

ing and understanding content.

• Translanguaging and multimodality practices serve as

powerful tools for enhancing learning.

• CLIL and ICLHE models must be adapted to digital

environments, and teachers require systematic training.

• Language-sensitive lesson design and assessment im-

prove inclusion and learning outcomes.

• Social presence and emotional support are essential for

motivating multilingual learners.

• Policies and institutional strategies must systematically

integrate multilingualism at all levels of education.

Overall, multilingualism should be regarded not as a

barrier but as an asset. Its integration within distance learning

environments fosters educational equity, enhances academic

performance, and supports the development of inclusive and

sustainable learning ecosystems. This study can serve as a

foundation for a deeper understanding of how remote educa-

tion functions and how a theoretically grounded framework

can guide policy formulation for MOOCs and other online

learning models.

Specifically, future research should focus on: (a) the

measurable impact of translanguaging on learning outcomes;

(b) the reliability and validity of multimodal assessment

rubrics; (c) randomized controlled trials evaluating the ef-

fectiveness of AI-based feedback tools; and (d) longitudinal

analyses of linguistic identity development and professional

competence within multilingual digital learning contexts for

teachers.
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Appendix A

The Java generic abstract algorithm developed to scan

through various indexing databases was the following:
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AlgorithmA1. The Java generic abstract algorithm.
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public class LiteratureSearchPipeline {

/* =========================
Domain model used for our search
========================= */

public record BibRecord(
String title,
String abstractText,
List<String> authors,
int year,
String sourceName,
String docType, // journal_article | book_chapter | report |

preprint | other information can be added as well
String doi,
String otherId, // arXiv id, handle, etc.
List<String> keywords,
String url,
boolean peerReviewed // if known; otherwise false (still allowed to

be used only with DOI/ID)
) {}

public record SourceQuery(String queryString, int yearFrom, int
yearTo) {}

public interface SourceConnector {
String sourceName();
List<BibRecord> search(SourceQuery query);
default boolean isPrimaryIndex() { return true; }

}

public interface QueryStrategy {
List<SourceQuery> buildQueries(List<String> keywordBank, int

yearFrom, int yearTo);
}

public interface RecordNormalizer {
BibRecord normalize(BibRecord raw);

}

public interface DeduplicationStrategy {
List<BibRecord> dedupe(List<BibRecord> records);

}

public interface ScreeningPolicy {
boolean include(BibRecord r);
boolean exclude(BibRecord r);
default boolean isEligible(BibRecord r) { return include(r)

&& !exclude(r); }
}

public interface ManualScreeningQueue {
void enqueue(List<BibRecord> candidates);
void exportCsv(List<BibRecord> candidates, Path path) throws

IOException;
}

public record RunResult(
int rawCount,
int normalizedCount,
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int uniqueCount,
int eligibleCount,
List<BibRecord> eligible

) {}

/* ===========================
Main Pipeline of processes and operations
============================*/

private final List<SourceConnector> sources;
private final QueryStrategy queryStrategy;
private final RecordNormalizer normalizer;
private final DeduplicationStrategy deduper;
private final ScreeningPolicy policy;
private final ManualScreeningQueue manualQueue;

public LiteratureSearchPipeline(
List<SourceConnector> sources,
QueryStrategy queryStrategy,
RecordNormalizer normalizer,
DeduplicationStrategy deduper,
ScreeningPolicy policy,
ManualScreeningQueue manualQueue

) {
this.sources = Objects.requireNonNull(sources);
this.queryStrategy = Objects.requireNonNull(queryStrategy);
this.normalizer = Objects.requireNonNull(normalizer);
this.deduper = Objects.requireNonNull(deduper);
this.policy = Objects.requireNonNull(policy);
this.manualQueue = Objects.requireNonNull(manualQueue);

}

public RunResult run(List<String> keywordBank, int yearFrom, int
yearTo, Path exportCsvPath) throws IOException {

var queries = queryStrategy.buildQueries(keywordBank, yearFrom,
yearTo);

var raw = sources.stream()
.flatMap(src -> queries.stream().flatMap(q ->

src.search(q).stream()))
.toList();

var normalized = raw.stream()
.map(normalizer::normalize)
.toList();

var unique = deduper.dedupe(normalized);

var eligible = unique.stream()
.filter(r -> r.year() >= yearFrom && r.year() <= yearTo)
.filter(policy::isEligible)
.toList();

manualQueue.enqueue(eligible);
manualQueue.exportCsv(eligible, exportCsvPath);

return new RunResult(raw.size(), normalized.size(), unique.size(),
eligible.size(), eligible);
}

/* ======================================
Abstract & Generic default components presentation
======================================= */

public static QueryStrategy defaultQueryStrategy() {
return (keywordBank, yearFrom, yearTo) -> {
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var big = keywordBank.stream()
.map(k -> k.contains(" ") ? "\"" + k + "\"" : k)
.collect(Collectors.joining(" OR "));

return List.of(
new SourceQuery(big, yearFrom, yearTo),
new SourceQuery("(CLIL OR ICLHE) AND (online OR

distance OR digital OR blended)", yearFrom, yearTo),
new SourceQuery("translanguaging AND (MOOC OR

MOOCs OR \"online learning\" OR \"distance education\")", yearFrom,
yearTo),

new SourceQuery("multilingual AND (multimodality OR
\"digital multimodality\")", yearFrom, yearTo)

);
};

}

public static RecordNormalizer defaultNormalizer() {
Function<String, String> norm = s -> s == null ? "" :

s.trim().replaceAll("\\s+", " ");

Function<List<String>, List<String>> normList = xs -> xs == null ?
List.of()

: xs.stream().filter(Objects::nonNull).map(norm).filter(s -
> !s.isBlank()).distinct().toList();

return r -> new BibRecord(
norm.apply(r.title()),
norm.apply(r.abstractText()),
normList.apply(r.authors()),
r.year(),
norm.apply(r.sourceName()),
norm.apply(r.docType()).toLowerCase(Locale.ROOT),
norm.apply(r.doi()).toLowerCase(Locale.ROOT),
norm.apply(r.otherId()).toLowerCase(Locale.ROOT),
normList.apply(r.keywords()).stream().map(s ->

s.toLowerCase(Locale.ROOT)).toList(),
norm.apply(r.url()),
r.peerReviewed()

);
}

public static DeduplicationStrategy defaultDeduper() {
return records -> {
var byDoi = new LinkedHashMap<String, BibRecord>();
var noDoi = new ArrayList<BibRecord>();

records.forEach(r -> {
var doi = Optional.ofNullable(r.doi()).orElse("").trim();
if (!doi.isBlank()) byDoi.putIfAbsent(doi, r);
else noDoi.add(r);

});

// Title & year key for those that do not have a DOI (also added
other criteria, this is the generic key value and approach used)

Function<BibRecord, String> titleYearKey = r ->

(Optional.ofNullable(r.title()).orElse("").toLowerCase(Locale.ROOT) +
"::" + r.year())

.replaceAll("[^a-z0-9:]+", "");

var byTitleYear = new LinkedHashMap<String, BibRecord>();
noDoi.forEach(r ->

byTitleYear.putIfAbsent(titleYearKey.apply(r), r));

return new ArrayList<BibRecord>() {{
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addAll(byDoi.values());
addAll(byTitleYear.values());

}};
};

}

public static ScreeningPolicy defaultPolicy() {
Predicate<BibRecord> hasPersistentId = r ->

(r.doi() != null && !r.doi().isBlank()) || (r.otherId() != null
&& !r.otherId().isBlank());

Set<String> allowedTypes = Set.of("journal_article",
"book_chapter", "report", "institutional_report");

Predicate<BibRecord> allowedDocType = r -> {
var t =

Optional.ofNullable(r.docType()).orElse("").toLowerCase(Locale.ROOT);
if (allowedTypes.contains(t)) return true;
//The aim is to be permissive if docType is missing, but looks like

a major report/journal item in practice, even though the result will be read
manually as well, trying to develop outliers to filter our results:

return !t.isBlank() && (t.contains("journal") ||
t.contains("chapter") || t.contains("report"));

};

Predicate<BibRecord> hasDigitalContext = r -> {
var text = (Optional.ofNullable(r.title()).orElse("") + " " +

Optional.ofNullable(r.abstractText()).orElse("") + " " +
String.join(" ",

Optional.ofNullable(r.keywords()).orElse(List.of())))
.toLowerCase(Locale.ROOT);

return Stream.of("online", "distance", "digital", "mooc", "moocs",
"blended", "virtual", "e-learning", "elearning")

.anyMatch(text::contains);
};

Predicate<BibRecord> hasTopic = r -> {
var text = (Optional.ofNullable(r.title()).orElse("") + " " +

Optional.ofNullable(r.abstractText()).orElse("") + " " +
String.join(" ",

Optional.ofNullable(r.keywords()).orElse(List.of())))
.toLowerCase(Locale.ROOT);

return Stream.of("clil", "iclhe", "translanguaging", "multilingual",
"multilingualism", "multimodality", "multimodal")

.anyMatch(text::contains);
};

Predicate<BibRecord> nonEducationalOrNoDigitalLink = r -
> !hasDigitalContext.test(r); // generic proxy presentation

Predicate<BibRecord> theoryOnlyNoDigitalLink = r -
> !hasDigitalContext.test(r) && hasTopic.test(r);

return new ScreeningPolicy() {
@Override
public boolean include(BibRecord r) {
// peer-reviewed OR it has DOI/ID
var idOk = r.peerReviewed() || hasPersistentId.test(r);
return idOk && allowedDocType.test(r) &&

hasDigitalContext.test(r) && hasTopic.test(r);
}

@Override
public boolean exclude(BibRecord r) {
// Exclude if it doesn't connect to digital learning (or is theory-
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