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Abstract: Personalized or precision education (PE) considers the integration of multimodal technolo-
gies to tailor individuals’ learning experiences based on their preferences and needs. To identify
the impact that emerging multimodal technologies have on personalized education, we reviewed
recent implementations and applications of systems (e.g., MOOCs, serious games, artificial intelli-
gence, learning management systems, mobile applications, augmented /virtual reality, classroom
technologies) that integrate such features. Our findings revealed that PE techniques could leverage
the instructional potential of educational platforms and tools by facilitating students” knowledge
acquisition and skill development. The added value of PE is also extended beyond the online digital
learning context, as positive outcomes were also identified in blended /face-to-face learning scenarios,
with multiple connections being discussed between the impact of PE on student efficacy, achievement,
and well-being. In line with the recommendations and suggestions that supporters of PE make,
we provide implications for research and practice as well as ground for policy formulation and
reformation on how multimodal technologies can be integrated into the educational context.

Keywords: precision education; artificial intelligence; AL, multimodal technologies; technology-
enhanced learning; personalized learning; smart learning environments; immersive technology;
learning analytics; K-12 education

1. Introduction

One of the challenges that educational scholars and researchers attempt to address
concerns the development of a better understanding of students’ cognitive abilities and
the underpinning factors that determine their learning strategies [1]. The artificial intel-
ligence (AI) revolution has facilitated the attainment of the aforementioned goals with
recent efforts discussing personalized learning paths starting from as early as primary
education [2]. According to Pratt and Kovatcheva [3], the first step in achieving personal-
ized education requires deconstructing the standardized curriculum into ‘micro-lessons’
with clearly defined competencies and assessment goals. The emphasis in the curricula
breakdown makes incorporating personalized learning paths feasible and further pro-
motes competence-based education (CBE) [4]. Chusni et al. [5] consider integrating diverse
pedagogical approaches as the key in creating multilayered learning activities, whereas
Martinez-Maldonado et al. [6] emphasize the importance of designing opportunities for
multi-user interaction.

A proposed solution to the concerns mentioned earlier emerges after considering the
approach that researchers from precision medicine follow, which aims to classify and treat
disorders in a more personalized way [7]. Experts in other fields (e.g., psychology) have
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already welcomed this idea, arguing that the collection and interpretation of multimodal
data can support developing a better understanding of the difficulties and challenges
individuals face without speculating on subjective information [8].

However, even specialized study programs, with diligent examination and diagnostic
evaluation from preliminary stages, lose their efficacy as students’ requirements and
abilities evolve [3]. The topics mentioned earlier, individually and collectively, raise
questions regarding the forms of tutoring, counseling, or mentoring that the educator
needs to provide and the motivational reinforcement and assistance level that instructional
designers should offer learners to support their intellectual development.

‘Precision” has brought significant improvements in many fields, with medicine being
at the top of the list as patient treatment requires high accuracy and demanding through-
put. When envisioning the potential of precision in education, it is crucial to consider
the multidimensional nature of learning and the multilayered stages of instruction that
students undergo. This is the essence of PE; the integration of diverse approaches to explore
learning from multiple domains (e.g., psychology, sociology, science, engineering) so that
individuals’ learning difficulties can be identified. Therein, by drawing insights from the
rigorous outcomes that have emerged from other disciplines (e.g., psychophysiology and
biometrics, genetics and bioengineering), PE presents significant inquiries that connect indi-
viduals’ biological attributes with their sociocultural background and other environmental
factors [9,10].

To this end, the so-called ‘precision education” (PE) field emerged in view of re-
searchers’ inspiration to identify methods and techniques that can facilitate the diagnosis of
learners’ strengths and vulnerabilities so that more personalized or “precise’ support can be
offered during the instructional process. Such practices are linked to digital (learning) tools
that allow discovering hidden patterns related to the interplay between students’ educa-
tional goals, motivation, attitude, and so on. However, educational technology integration
constitutes only one of the many elements required to design and develop a ‘personalized
education’ system.

In consideration of the above, we break down the components of the PE ‘recipe’ and
align them to the scientific disciplines that can support such practices. The introduction
of precision-oriented solutions—such as big data analytics and data mining—in the con-
text of education has been translated as learning analytics and educational data mining,
respectively [11]. Such methods are a powerful contributor to the identification of learn-
ers’ characteristics and competencies. By adjusting the lens to the collection of ‘intimate’
information, the optical capability of the data structures is improved and facilitates the
development of a more comprehensive framework related to learners’ bio-profile [12]. An-
other sector is neuroscience, a highly valued discipline that enables researchers to acquire
insights about the learning mechanisms that individuals utilize or the neuronal thinking
patterns engaged during the learning process. Although neuroscience relies primarily on
data emerging from neuroimaging (e.g., functional magnetic resonance imaging—fMRI,
electroencephalography—EEG) to perform genomic and computational analysis, recent
efforts have indicated that multimodal tools can provide a competitive alternative [13]. Ed-
ucational psychology allows researchers to develop a deeper understanding of the learning
process, including the reasons why students’ performance fluctuates and the underlying
links to their behavioral changes [14]. Finally, in recent years, the social problems that
individuals encounter and the approaches used to handle them have been linked—both
temporarily and spatially—to the element of opportunity. As a result, precise estimations
cannot be guaranteed from the societal perspective but remain an evolving promissory horizon.

As we acknowledge that no specific educational approach or strategy fits the needs of
all learners, we set the focus on the elements that should be considered when designing
individualized learning scenarios and the approaches that can be utilized to determine
learners’ competencies and skills. Accordingly, we demonstrate the potential of customized
educational services in providing precision learning and the respective benefits of adopting
such practices on student efficacy, achievement, and well-being. The topics above are
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contextualized under the notion of multimodal technologies—as they present the potential
to complement the information that digital learning systems harvest—and, collectively,
support precise, versatile, and customizable educational directions.

2. Theoretical Framework

Education is one of the fundamental basic human rights. With the observed uprising
evolution in every sector, education has also come into the spotlight, whereby impact and
quality of experience are becoming the main focus points. The statement made by Rolf
Reber et al. [15] pinpoints that there have been long-standing efforts in connecting students’
learning with their personal life. Yet, while technology has made a significant contribution
in the medicine sector (e.g., precision medicine) and the hospitality industry (customized
order options), personalization in education has just begun.

Pengyu Gao [16] attempted to highlight the demand for precision education by posing
a set of thoughtful yet provoking questions: “Can traditional education satisfy the industri-
alism?” “Can traditional education underscore the need for practical and creativity-based
learning?” Such questions strengthen the reasons for which precision or personalized
education is essential while also indicating the need to support pupils and youths in
discovering their creative talents or entrepreneurial spirit.

Relevant efforts to identify the means or the methods that can support precision-based
teaching and learning include skill-by-treatment interactions (STIs) in interventional stud-
ies [17], cognitive behavioral therapy (CBT) in view of identifying individuals” emotional
needs [18], and integration of learning analytics and educational data mining techniques to
improve pupils” academic performance and facilitate greater engagement [19].

Considering the infancy stage that this emerging concept is at, only a few empirical
(domain-specific) studies can be identified and even fewer review efforts to synthesize and
discuss their findings holistically. For instance, the studies conducted by Luan and Tsai [20]
and Chen et al. [21] do not provide concrete examples of how personalized guidance
(teachers’ point of view) and precision learning (students” point of view) are linked to
multimodal assessment. Likewise, the systematic review conducted by Zhang et al. [22]
focuses explicitly on ‘personalized learning’ with the lens adjusted to the current spectrum
of technology-enhanced education.

Motivated by the inadequacy of the literature to provide an all-inclusive report of the
aforementioned topics, in this study, we set the focus on and discuss collectively both the
idea that governs PE (therein, referring to precision teaching and learning) and the various
multimodal technologies (tools, features) and instructional strategies that are already being
used in the education sector. Therein, the research questions (RQs) that the study aims to
investigate are as follows:

RQ1. How has precision education been viewed or integrated into schooling?

RQ2. How have multimodal technologies been facilitated the integration of precision education practices?

3. Precision Education

The term ‘precision’ is associated with the use of data to evaluate and manage a
broad variety of phenomena [9]. Education researchers use common terminology (e.g.,
precision, customization, individualization, matching, tailoring) interchangeably to clarify
the heterogeneity of individuals with specific difficulties so that they can administer
targeted interventions with greater precision. This, in a sense, is the core of PE—to make
efforts for the right person, to have the proper intervention in place for the right reason. In
other words, precision scholars are not questioning whether an experiment is effective but,
instead, they explore what interventions have been performed, for whom, and how.

The PE strategy can be broadly split into two sections: (a) precision teaching and
(b) precision learning. Emerging areas of interest in personalized education involve the
systematic usage of learner data to implement an individualized curriculum tailored to
the learning activities. The steps required in achieving the latter concept can be paralleled
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with the ‘navigational structure’ that Google Maps utilizes. The first target is to help
students comprehend the end-point learning goals (planned location). This includes the
development of a clear understanding related to their current knowledge and competen-
cies (current address) as well as the means to communicate their needs better (mode of
transportation). Furthermore, guidance and assistance on how to build on the intermediate
success opportunities (pathways to destination) must be disclosed.

Precision education is, by definition, relying on tremendous ambitions. This implies
the convergence of genetics, neuroscience, behavioral, and psychological sciences exchang-
ing viewpoints related to the learning process and deciding whether learning materials
and tools can be integrated to support individuals’ needs. This further explains why
supporters of PE argue that to personalize the learning experience, advanced computer
systems might be needed to process such massive amounts of data. Indeed, the provision
of PE includes collecting extensive personal data, as indicated by the ongoing research
efforts in genomics, psychology, and cognitive science, which explore both individuals’
physiological conditions and the internal elements of their mind [9,10].

It is assumed that the evolution of precision education began long before the spotlight
was on Barak Obama’s 2015 speech, as President of the USA, where he discussed different
precision medicine initiatives [8] and their importance to the societal context [8,10,23].
Although there is debate regarding the origins of PE, examples of ways to support such
practices include progress risk prediction and early warning using learning analytics. More-
over, the importance of PE has been observed in many contexts of teaching and learning.
Lindsley, one of the early PE theorists, discovered and pinpointed from B.F. Skinner’s
experimental analysis of behavior the notion of precision teaching, identifying that “The
Learner Knows Best”, which inspired educators to contextualize it into an educational
perspective [24,25]. The computer-based precision learning system for developing student
fluency is an example of how contemporary artifacts may still be discovered [26].

In recent years, several educators and efforts have emerged to draw much needed
retention for improvement in this sector. Stephen J. H. Yang of Taiwan National Central
University identified four critical PE components related to PE: (a) diagnosis, (b) prognosis,
(c) treatment, and (d) prevention [27]. Meanwhile, in the sociohistorical context of schooling,
Professor Hiroaki Ogata of Kyoto University and his team’s educational products were
heavily influenced by the essence of PE where data from multivariate sources (e.g., digital
logs, student psychiatric data from e-book systems) are utilized to improve K-12 students’
learning experiences across the country (Japan, Korea, Taiwan and Singapore) [28,29].

4. Materials and Methods

For the conduct of this literature review we employed the ‘narrative approach” which
can be defined as “a comprehensive synthesis of existing works that often discuss theory
and context with the aim of provoking thought and controversy” [30]. In narrative reviews
a qualitative approach is utilized wherein the findings of quantitative studies, that have
employed various techniques or theoretical conceptualizations, are synthesized without
focusing on the statistical significance of the outcomes [31,32]. A narrative method, as op-
posed to systematic literature reviews, depends more on informal processes for presenting
and interpreting the literature, but it also has the ability to give readers a comprehensive
overview and up-to-date information about the topic-related study field [33].

Considering the objective of this study, which is to shed light on the complex and
diverse interrelationship between multimodal technologies and precision-based educa-
tional approaches, the narrative review method was deemed more appropriate due to its
potential to facilitate the mapping of extensive and complicated study topics containing
multiple issues such as the ones that relate to the context of education [33,34]. Therein, in
the context of this study, the narrative review approach serves as a benchmark that helps
to identify and understand the basics of the topic in question.

To attain the aforementioned objectives, a comprehensive keyword-based search was
performed in databases streamlined toward the field of (educational) technology and the
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respective interdisciplinary subjects (Web of Science, Science Direct, EBSCO, ERIC, ACM
Digital Library, IEEE Xplore, JSTOR, PsycINFO, Scopus, ProQuest). A manual search was
also conducted in Google Scholar in accordance to the guidelines of the ‘snowball sampling’
research approach [33,34].

To increase the range of the results, no filters were applied with regard to the pub-
lication source type (e.g., journal/conference manuscripts, book chapters) except for the
language (English) and the publication timespan (from 1 January 2000 to 31 December 2020).
The utilised keywords included a combination of the following key strings: “precision

V77 V7a7i V7a7i 7

learning”, “precise teaching”, “personalized learning”, “primary education”, “secondary
education”, “K12”, “higher education”, “tertiary education”.

The initial screening of the returned manuscripts (1 = 2889) involved the examination
of the titles, abstracts, and keywords. Shortlisted files (n = 499) were examined further
and independently via the diagonal read-through approach. Upon completion of this
process a total of 45 articles met the inclusion criteria. The manuscripts selected for detailed
analysis and data extraction were divided across the readers in accordance with their field
of expertise, which was carried out partially following the data extraction rubric adapted by
Sharma and Giannakos [35]. The findings reported in the forthcoming sections constitute a
synthesis of the research efforts that have been identified with a direct interest in facilitating
PE and have been further enriched with distilled ideas for practice, policy and further

research through reflection and multidisciplinary discourse.

5. Results

A wide range of potential benefits were identified in the data extracted from the
relevant works (see Appendix A). Our attempts to articulate multimodal technologies and
their integration in schooling would revitalize the sector of precision- or personalization-
based education. Several technologies have emerged to facilitate the concept of inclusive
education. Multimodal tools constitute a typical example of how technology can mediate
educational environments and support learners” individual needs. Under these considera-
tions, we discuss how these technological aids can facilitate PE in the context of different
Technology Enhanced Learning (TEL) solutions.

5.1. Artificial Intelligence

Students learn by thinking and listening, by observing and behaving, reasoning criti-
cally and intuitively, remembering and visualizing, drawing analogies, and constructing
abstract structures. The notion of teaching and learning often applies in the physical con-
text. However, the complementary use of digital and web-based Al-supported educational
systems allows for the integration of assessments to determine student personality traits
via diverse data collection methods and analytical approaches [36-38].

Although PE constitutes a new form of challenge in applied Al, the inception point
of relevant efforts involves integrating widely adopted methods and techniques. For
instance, to identify and classify students’ learning styles [38], to forecast the probability
of early dropouts [7], or to detect students’ interactions with the provided web-based
system [38], successful implementations report the use of the Bayesian Network approach.
This probabilistic graphical model aids the classification of learners’ behavioral traits (e.g.,
attitude, activity, intuition, sensitivity) and informs the clusters that display the different
learning styles [39,40].

5.2. Educational Applications

Fluency has long been recognized as a mandatory requirement for advanced perfor-
mance in martial arts, music, and athletics [41] but was not widely embraced as a necessity
for academic achievement [42]. However, progressing to the next stage without realizing a
solid base to build upon creates a bottleneck in individuals’ future development. While
building on the criticism that relevant studies brought into the light by highlighting the
difference between rote learning (i.e., memorization of information) and academic mastery
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(i.e., development of fluency or proficiency), a didactic shift was observed in educators’
approaches. Instructors’ efforts to support fluency development were materialized by inte-
grating more cognitively challenging tasks—such as computational problem solving—as
well as opportunities for reflection [43]. The outcomes of this change brought significantly
positive results in students’ future development and set the ground for a new didactic
approach [44,45].

Temple and Doerr [46] describe the interactional techniques that educators can utilize
to improve students’ computational competencies (fluency) via classroom discord led by
the instructor. The evaluation results demonstrate positive outcomes in students” com-
putational abilities and the acquisition of expressive skills. Another example of precision
training for fluency development is discussed by Beck and Clement [47]. In this case, the
target group was children with special needs, working together with their instructors,
under the ‘decision rule’. The approach used in this scenario implied that students could
select the exercises they would like to perform, with the completion criteria being dynami-
cally adjusting. By promoting high-achieving outcomes, students could advance through
the curriculum sequence without feeling additional pressure.

Similarly, technology-enhanced learning (TEL) interventions aim at improving mul-
tiple competencies but with higher precision. For instance, the application for reading
created by Germeroth and colleagues [48] enabled students to engage in activities that
involve language learning supported by music. The idea behind this implementation lies
in the ludic element that music brings in repetitive tasks and the relevant research which
presents positive links to memory retention.

Pupils who develop good mathematical aptitude during the early stage of their child-
hood usually demonstrate improved academic achievements [49] and have better career
advancement [50]. Connor et al. [51] examined the potential of the personalized curricu-
lum in mathematics education via the Individualizing Student Learning in Mathematics
(ISI-Math) program. In this longitudinal study, the ISI-Math tool was utilized to facilitate
the instructional process via algorithm-based interventions and support students who
struggle with diverse mathematical tasks. The evaluation outcomes revealed significantly
better results in students’ mathematical achievements and further illustrated the impor-
tance of technology in supporting daily instruction with high accuracy and precision [52].
Another field of application that PE has supported concerns the quality improvement of
the teacher education programs and, more precisely, the equity across teachers” knowledge
in mathematics. The study that Blomeke et al. [53] conducted revealed that the teacher
education systems (e.g., USA, Taiwan, Singapore), which have inferred the strength of
precision, have enabled mathematics instructors to apply various didactic methods which
can help in identifying student misconceptions so that the provided feedback can be more
appropriate and targeted to students’ needs.

In the modern educational system, programming is one of the core subjects that
promotes computational and reflective thinking skills [54]. Although these cognitive
sectors have been widely explored, there are still many challenges and misconceptions that
prevent novices from reaching their potential [55]. A proposed solution to tackle this issue
has been the incorporation of programming courses into the curriculum of primary and
secondary education to prepare students’ analytical and computational mindset [56].

Finally, the collaborative digital tool ViLLE supports various educational subjects
(programming, mathematics, languages), delivered via diverse instructional methods,
which are automatically assessed [57]. For the time being, the platform is deployed in
over 15 countries with more than 100.000 engaged stakeholders (teachers, students). The
evaluation results demonstrate an increased degree of engagement as well as knowledge
gains. This example sets the ground forward not only from the PE perspective but also
from the potential of technology to support diverse learning outcomes without employing
a large variety of tools.
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5.3. Massive Open Online Courses

Massive Open Online Courses (MOOCs), by acting as ‘educational networks” which
navigate students through specific ‘paths’ and ‘routes’, can act as precursors of ‘course
exemplars’ [58]. Despite the initial idea that governed the design of MOOC:s, their evolu-
tion and advancement has brought opportunities for providing learners with personalized
learning experiences [59]. The first step to personalize the learning experience requires
simplifying the learning material by ‘graining’ it into clearly defined units of information.
By utilizing the backward design strategy, curriculum instructors can determine the educa-
tional objectives and adjust the assessment parameters according to the learners’ needs and
capabilities [60,61]. Moreover, the built-in curriculum planners and the communication
tools that MOOC platforms offer can support the customization of the educational content
and facilitate the interplay between the engaged stakeholders thus, making the person-
alization of the learning experience more optimal. In addition to these functionalities,
recent implementations discuss the integration of features that involve the engagement
of educators or community assistants [62] who aim at providing participants with either
video feedback [63] or peer assessment [64]. From the users’ perspective, the integration of
rubrics for material reviews has also been found helpful in adjusting and personalizing the
delivered content [65].

5.4. Serious Games

Student motivation is considered to be one of the most reliable indicators to pre-
dict future academic performance. However, educational researchers and scholars have
made intense criticism of the conventional schooling system for being weak in motivating
learners [66]. Supporters of educational or serious games promote immersive learning
wherein the student-users reach a state of deep learning that enables them to conceptualize,
process, and reflect on the subjects under investigation [67]. The foundations of the game-
based learning approach rely on the essence that learning can also occur subconsciously,
whereas the learning experience and the incentives for engagement are further enhanced
with elements that have been initially introduced in leisure games (e.g., quests, trophies,
competition). Such elements have been positively correlated, in multiple studies, with in-
creased motivational interest (i.e., engagement) and ultimately better outcomes in learning
performance [68-72].

Although the settings of the (educational) games may vary, their norms are framed
under the same concept, that is, to engage users in interesting (learning) activities via which
they can either experience the premade storyline or even shape their decisions. For instance,
in the digital game Rise of Nations, players need to consider and critically evaluate how
their present actions will shape the future evolution of their civilization and their impact
on the progression of other players [69]. Another successful application of computer games
in education is the provision of learning paradigms [70]. For example, the single-player
educational game Immune Attack integrates realistic 3D models of cells and molecules with
interactive capabilities, allowing users to ‘navigate’ through the human body and observe
how the immune system is reacting to different viral and bacterial invasions [73].

The potential impact that leisure or educational games may have on learning has re-
ceived ample attention, with arguments claiming that girls may not be interested in playing
video games or, otherwise, be engaged for as long as boys may be. Nevertheless, such
viewpoints lack evidence emerging from systematic and empirical studies [68], whereas
Carr [74] further adds that priorities have nothing to do with exposure to or experience with
gaming. Jovanovic et al. [75] suggest that gamified educational scenarios can be satisfying
if the experience is optimally personalized with elements that evoke both leisure and inspi-
ration. To achieve this balance, the authors further recommend integrating multimodal
interactions as the primary mechanism for conveying instructional content. ‘VStrat’ is an
indicative example of an educational game with personalized learning elements wherein
learners’ emotional states are distinguished and profiled according to their abilities and
interests [75].



Educ. Sci. 2021, 11, 338

8 of 19

Adaptive educational games provide a motivating learning environment that is rein-
forced with a personalized learning experience which ensures that the learner takes charge
of the learning process. In recent times, artificial intelligence techniques have played a key
role in realizing adaptivity features in educational games, including areas such as path
finding, role-playing elements, adaptive game engine, macro-adaptivity, dynamic difficulty
adjustment, non-player character’s behavior, adaptation of challenge ordering and selec-
tion [72,76-79]. The ELEKTRA game [80] is an example of the application of serious game
in the context of personalized learning. ELEKTRA focuses on assessment and adaptation
in a 3D adventure game. The non-player characters (NPCs) provide the students with
learning and motivational guidance through situation adaptive problem-solving support
and meta-cognitive feedback [80].

5.5. Mobile Applications and e-Books

Integrated technologies like smartphones, tablets, and other portable computing
gadgets may have not emerged with the educational aspect in mind but provide ample
opportunities for precision digital learning. Mobile learning applications supports general,
collaborative, and social aspects of learning in different contexts [81,82]. Besides, smart
mobile learning environments are adaptive and context-aware, ensuring personalized and
easy access to learning activities [83]. Relevant efforts are based on the wide acceptance
that mobile educational applications have received and the transition from books to e-
books. For instance, the BookRoll application was designed in line with the seamless and
ubiquitous learning principles so that students can have unrestricted access to the reading
material while instructors can evaluate any reading inefficiencies through the browsing
logs [28,84] whereas, the SCROLL application extended the effort as mentioned earlier
further by providing opportunities for analytics related to the users’ interactions and
gradual progression [85].

E-books tend to be more versatile than their predecessors, thanks to the enriched
aesthetic multimedia effects they offer and the numerous options for personalization and
customization. Although several studies have examined the educational potential of e-
books in higher education, the adoption of such practice has received significantly less
consideration in primary or even secondary education. Motivated by this shortcoming,
Huang et al. [86] took the initiative to develop an exemplary infrastructure that could
support the design of immersive e-books after accounting for the challenges [87] and
the limited options [88] that students of such age groups face and have, respectively. By
integrating elements that could assist learners in expanding their reading and comprehen-
sion skills in an inclusive and precise way, this initiative was not only welcomed by the
respective research community but also set the ground for the development of additional
features and elements which could help in bridging the gap between learners’ current level
of knowledge and skills.

5.6. Immersive Technologies

The technological evolution has enabled individuals to produce and access infor-
mation without any spatiotemporal limitations [89]. The initial emergence of computer-
generated (artificial) multimedia environments, such as virtual reality (VR) and augmented
reality (AR), introduced a new form of information sharing while also making the available
content more intuitive and appealing for the end-users [90-92]. Despite the never-ending
debates concerning the application of such solutions in the consumer market, the integra-
tion of VR in education has demonstrated significant benefits [93-95].

Pellas et al. [96] list the various benefits that the integration of VR has brought in
education with particular reference to the opportunities for interaction that the 3D sim-
ulated content offers while disseminating the respective information readily available.
Wang et al. [97] discuss the integration of various pedagogical approaches in AR-based
applications and further elaborate on the elements that make such learning experiences
more attractive and effective.
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Studies [98,99] that have investigated the impact of VR and AR technologies in ed-
ucation have identified various benefits related to knowledge acquisition, commitment,
motivation, and academic achievement. The added value of this alternative educational
approach is usually attributed to the high representational fidelity of the three-dimensional
(3D) virtual objects and the opportunity offered to learners to simulate operations and
procedures of abstract concepts [100,101]. An indicative example of such integration is the
Simodont application which can be utilized in dental education [102]. Simodont combines
various features that facilitate the in-depth exploration of the subject under investigation
and haptic, visual, and textual feedback.

Opportunities for personalized learning are also identified in the broader context of
the interplay that users (learners) have with the virtual content, which includes but is not
limited to exploration, simulations (performance), and active participation in hands-on
activities [103]. A typical example of such a tool for personalized learning is the SMART
(System of Augmented Reality for Teaching) application that Freitas and Campos [104]
designed. SMART can be utilized to teach children information about different everyday
objects and types of animals using real-time videos. The evaluation results revealed that
during the video playtime, children’s attention was as concentrated as when playing video
games. Based on these findings, an implication was made that such tools can be utilized
in the physical classroom to cultivate students’ interest and learning motivation. An
example of VR application in education is the Imikode VR learning game, which facilitate
the teaching and learning of object-oriented programming concepts in an immersive and
engaging way. Imikode was developed and operates with Google Cardboard, Unity 3D,
and smartphones [76].

5.7. Classroom Technologies

The reform of the academic curriculum under the aid of modern technologies and
the introduction of the hybrid teaching approach has achieved unprecedented success in
influencing students’ attitudes toward education. The Cloud Classroom is one of the most
recent initiatives that support the idea of free education by providing a network of teaching
and learning tools based on the cloud computing approach [105]. In view of PE, the Cloud
Classroom enables educators to share educational resources and individuals to access the
learning material without any restrictions or constraints [106]. In addition, the model
provides an innovative alternative to Google Docs through which learners can engage in a
collaborative writing cycle (i.e., role allocation, brainstorming, action scheduling, updating,
editing, revising) and receive feedback from the partner educators [107].

A wide variety of potential features were identified in the data extracted from relevant
studies, which are represented in Table 1, with the remainder of the potential precision-wise
yet multidisciplinary aspects listed in the Table Al (see Appendix A).

Table 1. Summary of multimodal technologies have facilitated the integration of precision education practices.

Precision Education

No Reference Tools Area Pedagogy Multimodality Features (Context)
. Big data analysis e . Digital data- psychological states, Development of
[13] g(l)llhga;mson and machine ﬁl;glfllim:;ce processing-based genetic identities, and data-intensive policy,
learning 8 solutions brain activity sociology
s . Daily activities including o ,
[11] Williamson Big data and data Artificial tg:;gmg analytics user behaviors, iii?;g,:ggg?:;ﬁamers
(2017) mining intelligence . preferences, tastes, usage .
solutions . . competencies
of social media,
Machine-based
. o s analysis and . . Reformation of medical
23] Wartman and Intelligent agents Artificial decision-support Healthcare, biomedical, education industry and
- Combs (2018). and robots intelligence and clinical data sources .
based Al practices
application
7] Tsai et al. Statistical learning Artificial Method-based E:};?Eg:fol;lbackground gﬁﬂgﬁiﬁﬁ;&iﬁ?ﬁ;ﬁg of
(2020) and deep learning intelligence interventions 4

performance records

performance
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Table 1. Cont.

No Reference Tools Area Pedagogy Multimodality Features Precision Education (Context)
Garcia et al. Bayesian networks Artificial Web-based Student behavior: Detection of student different
(3] ]
g (2007) (AI) intelligence education learning styles dimension of learning styles
Assessment-based T .
= Stevens and . Educational learning; Learning and teaching Facilitating student learning
[65] . Rubrics e . . assessment in different
Levi (2013) application feedback-based information o
learning situations
Laakso et al. ViLLE learning Educational Feedback-based Student performances Supporting different learning
[57] e - and improving student
(2020) platform application learning assessment  data
performance
Programming teaching
. . Technology- Multimedia objects, practices on student
[54] Durak (2020) Scratch and Alice Educ'atlc.)nal enhanced drawing images, engagement, reflective thinking,
tools application 1 . . .
earning recorded sounds problem-solving skills, and
computational thinking (CT)
Computer- . . . .
Calvo etal. S Educational supported Intelligent automatic Mapqgmg Coll'a'boratlv'e and
[107] iWrite I . feedback, automatic individual writing assignments
(2010) application collaborative N X .
1 . question generation in large cohorts
earning
Commons et al. M.O del Of. Educational Technology- Sengory, motor, Performance and behavioral
[39] (2015) Hierarchical lication enhanced sentimental, nalvsi
Complexity (MHC) appicato program perceptional analysis
[105] Chen (2019) Cloud Classroom Classroom App l}cahon—based Student learning data Data_-drlven knowled'ge and
technology hybrid teaching curriculum construction
Connor et al. Classroom Classroom-based Math fluency standard
(>1] (2018) [Sl-Math Program technology intervention scores, vocabulary scores Math fluency development
Perceptions, phonemic
awareness, alphabet
’ Germeroth ] Classroom Classroom-based principle, accuracy and Innovation to facilitate reading
[48] etal. (2018) Lyrics2Learn technolo intervention fluency with connected disparities and language
) 8y text, reading learning
comprehension, and
vocabulary
Neuroscience:
Functional
magnetic resonance , . .
Kuch et al. imaging or Classroom Classroom-based Stqdents effe;cts, bodies, .Implgment.atlon of .
[10] . X brains, genetics, individualized practices and
(2020) functional MRI technology practice coenition tareeted learnin
(fMRI) and Elec- & & &
troencephalography
(EEG)
Learning and
Learning-analytics- gg:;?:;m;ég:gisn(gb()()k
85] Mouri et al. SCROLL e-Book based'Ublqultous bookmarking, memo, Suppqrtmg Seamless Language
(2018) technology Learning System d i d Learning through e-books
learning system words searching, words
highlighting, and page
turning)
"Reading behaviors:
bookmarking,
adding-deleting .
) Chen and Su BookRoll E-book e-Book Moodle-based markers, attaching- Evaluation of sel.f—regulated
[84] . . o learning, self-efficacy, and
(2019) reading system technology embedded system removing-editing 4 .
. academic achievement
memos, and slide
switching (jumping
page)"
Technology- E-annotation and
86] Huang et al. E-book-based e-Book enhanced learning bookmarks, content Empowering mobile
2012 learning system technolo and mobile-based searching, and learnin ersonalized learnin;
& SY! Y 2 23 p &
learning process tracking
. AR technology in the
Fonseca et al. . Immersive Assessment-based User prqf1le test, visualization of 3D models and
[103] Augmented reality . motivations, academic . R
(2014) technology learning erformance the presentation of architectural
P projects
Freitas and Immersive Augmented-reality- Learning concepts, video  Teaching second-grade
[104] Campos (2008) SMART technology ls);:::ecifducahon feed, TV show students with AR smart system
Immersive game Immersive Experimental and Learning outcome data Allowing interactive lectures,
[70] Mayo (2007) technology technology inquiry-based from gaming experiments, observations, and

learning

environment

teacher demonstrations
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Table 1. Cont.

No Reference Tools Area Pedagogy Multimodality Features Precision Education (Context)
Virtual-reality- Unity 3D, Android SDK, S rting teaching and
[76] Bouali et al. Imikod Immersive based learning, Google Cardboard, t luppp }g te”flc " g a ted
(2019) mikode technology game-based headset and Bluetooth carming o o ]féoolg;en N "
learning controller programming concepts
. . Crown preparation tasks s
Wang et al. 3D haptic virtual Immersive Virtual-reality- and outcome, recording Trammg'den.tal crown L
[102] LR . based . preparation in dental preclinical
(2016) reality simulation technology of elapsed time for .
assessment preparation education
User-to-user and
Christopoulos OpenSim-based Immersive Virtual-reality- user-to-world Hybrid model of education
[100] b based collaborative interactions, learning ? s .
etal. (2014) Virtual World technology 1 : R with and within a virtual world
earning activities, student
engagement
Student awareness,
. Hybrid Virtual . Virtual-reality- direct cognition, - .
[90] Cthrllszcz)([))lo 5105 Learning (HVL) 1m;n;rls ve based collaborative interaction between Il;n%rcxlsirl\g hlgr::errltl evels of
etat models echnology learning students and virtual student engageme
worlds
Wearable- Video, learner Bringing immersive
[97] Wang et al. Augmented reali Immersive technology-based interactions, IoT, experiences between people
(2018) ugmented reality technology lggmi(r)lggy ase brainwave and sensory and businesses through
data communication
Neurotechnology Neurological, genetic, Intimate data analytics:
- . psychological, and R .
Williamson (neuroheadsets) and ~ Immersive Wearable-enhanced . scientific knowledge, technical
[9] . N behavioral data along N . N
(2018) psychometric technology learning . . innovation, business plans, and
with environmental al litical motivati
measures factors social or political motivations
ISergra;itnrgoblle Learning styles, user’s
Agbo and environment with Mobile Learners-centric projﬁle, user's 1nterf;st, .
[83] . L s socio-emotional traits, Context-aware processing 1ayer
Opyelere (2019) embodied application and adaptability .
intelligent and environmental
comp gnents context data
Micro-lecture materials Development of a
. . and the use of devices eveop .
Opyelere et al. . Mobile Mobile-based . mobile-learning-supported
[81] 018) MobileEdu licati 1 . features, such as mobile in the ti
application earning data, Bluetooth, Wi-Fi, course in the computing
and GPS. curriculum
Educators’ background
Arima et al. X . and experience; Advancement of the social
[63] (2019) Video blog MOOC E-Learning educators’ feedback; presence of educators
educators’ discussion;
Goal Net and .
Nt Agen Humarwaie Cs, s
[61] Yu et al. (2017) Development MOOC E-Learning ideo 1 4 1 . Personalizing learning Support
Fnvironment video lectures (learning
(MADE) activities)
Kelly et al. Game-based Yi;ieo, 3,:.3 m?ﬁl el, h Integration of learning
[73] 1y etal Immune Attack Serious game ame-base normation througn biological contents with
(2007) learning clear visual and auditory gameplay
media
Parson’s Game-based Game sessions,
[72] Oyelere et al. rogrammin. Serious game learning and Bluetooth connectivity, Integration of board games into
(2017) E uzgz le 8 us & mobile-based program code, deductive  computing education
learning logic
Game-based . Engaging learners with four
- Survey of experiences ; L
Yadav and . learning and . o traits of modern learning:
[71] BaghLearn Serious game ; and interactivity from o . 1s .
Oyelere (2021) mobile-based - portability, social interaction,
learning the environment connectivity, individuality
Game-based H dality off Incorporation of motivation
i 1. V-Strat serious . learnin uman modality effects theory principles as well as
[75] Jovanoviceta Serious game . & (sensory, perceptual, yp P
(2008) game discovery-based e ! multimodal human—computer
learning motor, cognitive) interaction.
Lepe-Sal Model-based S data and Assisting in developing and
[67] cpe valazar GAGE Serious game oderbased game urvey cata and game analyzing different educational

(2015)

design and analysis

performance

games

6. Discussion

In this work, we explored the potential of PE and provided an overview of the current
scenery to support educational researchers and scholars understand the key considerations
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that govern this novel field. In addition, we discussed how digital learning environments
can be transformed into personalized tutoring systems. In the following sub-sections, we
align and contextualize the aggregated information in view of the arguments put forward (RQs).

6.1. From Education to Precision Education

The essence of “precision’ conveys the necessity of collecting complex and multidimen-
sional data in a systematic and longitudinal way. This is why PE has not received increased
attention, especially when compared to other precision-based fields, such as medicine
or agriculture. While reviewing the available applications and tools, a set of features
that have been provenly supported the conduct of personalized learning interventions, in
diverse educational contexts and fields, was identified. Research has shown that initiatives
targeted at providing additional support to individuals’ needs have significantly impacted
student achievement and advancement [48,108]. In addition, the conclusions emerged
from studies [51,57] describing the research and development efforts to aid students” com-
putational and innovation skills development are also in line with the recommendations
provided by the ‘Partnership for 21st Century Learning’ [109], which feature critical rea-
soning and creativity amongst the most prevalent skills that students need to develop.
Therein, developing tools and methods that can personalize learning not only increases
individuals” academic competencies but can also shape their future careers. The true
reflection of such education transformation is essential to moving forward, for example,
the technology of e-book-based learning system empowering mobile based precision learn-
ing though e-annotation, contextualized bookmarking, content searching, and learning
process tracking.

6.2. Integration of Innovative Technologies in Precision Education

Studies that explore matters related to teaching efficacy [110], student academic effi-
cacy [111], and self-efficacy [112] in conjunction with PE emphasize on the importance of
introducing novel Al techniques and methods so that a more personalized or, as commonly
determined, ‘intelligent” approach can be offered to support learners’ needs. By identifying
and interpreting individuals” cognitive abilities and behavioral patterns, more tailored
and immediate support can be provided to learners without direct input from the instruc-
tor [113]. Similarly, influencing students’ choice of activities and effort expenditure through
immediate support and guidance increases learners’ confidence and self-esteem [2]. Like
any other industry, the education sector cannot remain static. The x-factor toward this
transformation is the integration of new, innovative tools and techniques to facilitate the
learning process and improve the learning experience [114]. In this study, we presented
and discussed the key features of dynamic technologies that contribute to this evolution.
For instance, the iWrite tool [107] enables students to manage their individual tasks and
assignments in collaborative learning activities, whereas the GAGE tool [67] helps young
and novice developers to build educational games by providing them with insights and
hints emerging from pre-existing games.

6.3. Multimodal Data and Precision Education

The adoption of multimodal tools to collect data related to learners’ characteristics,
behavior, interactions, and performance enables instructors to better understand students’
needs [55]. In addition, it allows for the integration of inclusive and reflective tasks tailored
to individuals’ particular needs and competencies [57]. Such outcomes align with the
information gathered concerning the features that the presented digital (learning) solutions
offer to support the conduct of PE practices. It can, therefore, be inferred that to provide
learners with a more personalized learning experience, instructors and educational tech-
nologists need not only to focus on the pedagogical elements of the delivered interventions
but also on the ways that learners react to the given stimuli. Therefore, exploring matters
related to the interplay between the teachers and the students from multiple perspectives
and points of view becomes a strong necessity. In the context of this process, researchers
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and instructional designers should examine carefully the interconnectivity between the
traditional pedagogical approaches and the features of the environments in which they
are taking place. To this end, depending on a single learning environment might not be
inclusive enough for students to develop their skills. Hence, introducing multiple learning
sources not only facilitates individuals’ learning needs but also allows for the collection of
multimodal data without spatiotemporal constraints.

7. Conclusions and Future Directions

The findings and directions emerging from the reviewed studies offer valuable in-
formation and enlightening insights which can support practitioners’” decision making
and future actions. However, the potential of PE to enhance the learning experience and,
therefore, outcomes can only be achieved if the respective attempts and efforts are made
in a systematic and longitudinal way. To achieve this goal, any prospect efforts to tailor
(personalize) the instructional process should be done through applied research, performed
in the context where teaching-and-learning activities primarily take place (i.e., schools,
universities), as part of students’ routine practice. Moreover, such integrations should
be evaluated via multidimensional feasibility and empirical studies using modified tools,
adaptive learning materials, and assessment methods. Collectively, it can be argued that,
together with the evolution of emerging technologies, more sophisticated digital learning
tools, precision-based instructional approaches and evaluation measurements will become
available. On these grounds, we speculate that PE presents a promising yet challenging
avenue to pursue.

To this end, it is essential to first identify and determine the various challenges and
shortcomings that the current practices present. The selected examples and directions
mentioned above pave the pathway for research and development both on the theoretical
level and on practical grounds. Therefore, future researchers are advised to focus on the
development of protocols that can support the provision of personalized instruction and
further explore approaches that can be utilized to integrate corrective measures when
needed. Likewise, heuristic data collection instruments can be designed with PE in mind so
that new frameworks and models can be developed to complement the data collected via
multimodal tools. Finally, researchers focusing on this direction should also consider the
recommendation made by Hart [8] concerning the duration of such efforts (i.e., long-term)
as information acquired from near-term experiments may hinder the potential of PE.

8. Implications for Practice and Policy

The growing interest of educational researchers in identifying the underneath benefits
and opportunities of PE signals the start of a new era that requires scholars and policymak-
ers to lay out practices and policies for long-term sustainability with reciprocal emphasis
and assurance on precision teaching and learning. The recommendations provided below
can be considered guidelines, not only for those researchers who perform studies related
to PE but also for practitioners (e.g., educators, instructional designers) who utilize smart
learning environments or other forms of TEL applications with multimodality features.

e  The acquisition of skills (e.g., problem-solving, critical thinking, reasoning, creativity,
fluency) that STEM (science, technology, engineering, mathematics) education stu-
dents need to develop is challenging and demanding regardless of the technological
aids being used. Therefore, identifying learners’ characteristics and behavioral traits
will enable educational stakeholders (e.g., technologists, educators) to provide person-
alized and adaptive instructional paradigms aligned to the competencies and needs of
their learners.

e  The discussed educational technologies have been established and evolved in the
ongoing research and development efforts that aim to provide tailored tutoring op-
portunities to learners with diverse needs and cultural backgrounds. Therein, by
integrating multimodal tools which, for instance, can gather information related to
learners’ visual engagement or kinesthetic reactions to diverse stimuli, can comple-
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ment the development of the so-called ‘learner profile’ and thus provide insights
related to the development of a better understanding toward the learning strategies,
preferences, and styles that individuals have.

e  Another possible impediment to sustainable PE is the lack of combination and va-
lidity in conceptualization and contextualization in deciding the required resources,
processes, and structures. Regardless of the principles on which a learning environ-
ment is developed, PE necessitates early multivariate evaluations to use multimodal
technologies.

e  Given the infancy stage of PE, policymakers and regulators are also advised to support
and facilitate the conduct of multidisciplinary research so that all the relevant aspects
(e.g., ethics, security, cultural and societal norms) be covered both adequately and
succinctly.
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Appendix A

Table Al. Summary of selected multidisciplinary studies that support integration of multimodality in Precision Education.

. . Precision
No Reference Tools Area Pedagogy Mulitlmodahty Education
eatures (Context)
British Cohort Study (BCS), .
, . Panel Study of Income e Analytics-based Mathemahcal Mathematical skills
[49] Siegler et al. (2012) . X Multidisciplinary literature data,
Dynamics-Child Development assessment demoeraphic data development
Supplement (PSIDCDS) grap
Computer N Stuglept N _Increasing social
Particle swarm optimization e e 1 supported characteristics suc interactions among
[95] Ho et al. (2009) . Multidisciplinary . as learning style or learners without the
(PSO) algorithm collaborative ‘th int of ti
learning concern yv1t constraint of time
interactions and space
Discovery-based . . .
Gulson and Webb Life intervention, optimization e learning and Cognitive, p h ysical Tr‘an§formatloq of
[12] ! Multidisciplinary . human attributes, thinking, knowing,
(2018) and computation method discourse-based - . Lo
policy development and biometric data living life
) Temple and Doerr Mathematical register and e 1 Method-based Aughotapes, Id.entlflca'hon of
[46] . . Multidisciplinary . ) transcripts, lessons interactional
(2012). Discourse Analysis interventions : N
videos strategies
Behavioral
measures: level, Mathematics ability
Frequency building to a Method-based level change development with
[52] Vostanis et al. (2020) performance criterion (FBPC), Multidisciplinary interventions multiplier, intellectual or
component-composite analysis celebration, bounce, developmental
frequency disability (IDD)
multiplier.
Non-structured
Model-based learning log data Identification of
[28] Boticki et al. (2019) Learning Log Processing Model Multidisciplinary 1 ocerbased (sessions, reads, e-book reading
earning analysis
read passages, and styles
read passage pairs)
Student perceptions, Identification of
. , . . Satisfaction and course student’s
[62] Chan%z%rég)Smlth StudentsSif‘l;zeynzglcjlllsr;teractlon Multidisciplinary learner-centered satisfaction, satisfaction in

distance education

experiences, and
demographics

different stages of
distance education
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Table A1. Cont.

No Reference Tools Area Pedagogy Muéii;lgi&;lity ]}:);flccl:tll(::;
(Context)
Academic, ..
) Cokeranpoy SOl e ggpptnay Seeebeed el P ™
health difficulties, Intervention
Identifying novice
Veerasamy et al. ) ) o Technology- Misconceptions and student'
[55] (2016) Delphi concept inventory Multidisciplinary enhanced knowl.edge—based _programming
program coding errors misconceptions and
errors
Paredes Improvement of the
Barragan and FELDER-SILVERMAN e Web-based Student behavior: eff1c1enc.}{ and
50l Rodriguez Learning style Model Multidisciplinary education learning styles . a'da'ptablhty to
Marin (2002) individual lgaljmng
characteristics
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