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Abstract: Massive Open Online Courses (MOOCs) have been described as a “next development
of networked learning”, and they have the potential to mediate sensory learning. To understand
this phenomenon, the present systematic review examines the research techniques, subjects, and
trends of MOOC research on sensory learning, in order to provide a thorough understanding of the
MOOC relevant to sensory (olfactory) learning phenomena by evaluating 65 (four studies are about
multisensorial learning and 61 are about multisensorial empirical MOOCs researches) empirical
MOOC studies published between 2008 and 2021 by searching through databases: PubMed, Scopus,
Web of Science, and Google Scholar. The results indicated that most studies were based on quantitative
research methods followed by mixed research methods and the qualitative research approaches; most
of the studies were surveys, followed by platform databases and interviews; almost half of the studies
were conducted using at least two methods for data collection: survey and interviews; most were
replicated. The most highlighted subjects included student retention, learning experience, social
learning, and engagement. Implications and studies into the future have been considered in order to
obtain a more evolved understanding of the acquisition of knowledge through the senses.

Keywords: MOOC; sensory learning; olfactory; smell

1. Introduction

Massive Open Online Courses (MOOCs) have been described as a “next development
of networked learning” and as a platform for expanding accessibility to higher education
and supporting new education methods. Coined in 2008 [1], MOOC:s refer to online courses
offered by colleges that draw thousands of participants, partially because they are “open”,
generally referring to the fact that they do not offer credit and hence are free to someone
with an internet connection (Figure 1). Massive Open Online Courses (MOOCs) are courses
that extend the learning process to thousands of students. These courses respond to
the challenges that educational and training institutions face in critical times such as
these. MOOC:s, in fact, represent quality training at a low cost [2]. While there is limited
official study into the nascent discipline, many fans of the format have enthusiastically
embraced its implementation. The development and application of MOOCs in many fields
of higher education and, more lately, health education and live science have increased
dramatically [1,3].

A long-studied strategy in the realm of training is to evaluate success and effectiveness
and to advise on courses improvements. However, the distinctions between teaching in
MOOCs and regular face-to-face classes mean that the same standard evaluation method-
ologies cannot be adapted. For instance, MOOC:s often do not include entry, withdrawal,
or submission of assignments or assessments restrictions [4]. The approaches employed in
web-based education and e-learning do not always apply to MOOCs because web-based or
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e-learning courses are sometimes delivered under curricula, which differ from MOOCs ac-
cording to expectations of students. The low terminal completion rates of MOOCs indicate
that there is a lack of self-regulation and self-motivation with respect to what is expected of
students [5].
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Figure 1. Evolution of the MOOC.

It is not appropriate to compare MOOCs directly with higher education courses using
typical assessment standards and criteria. Our review focused on the queries highlighted
in Figure 2, from which it can be seen that the research questions refer to empirical MOOCs,
research referred to a multisensory approach (in the last twelve years), the research method-
ologies used in empirical MOOC, the analysis regarding the nations that have investigated
MOOC:s the most, and the diffusion of research, at a regional level, of empirical MOOCs
referred to a multisensory approach.

What are the empirical MOOC research related to a multisensory
approach published in the past twelve years

What are the methodologies of research used in this empirical
MOOC?

Which nations have attracted the most MOOC research?

How are researchers regionally spread in these empirical MOOC

studies?

-

Figure 2. Research questions.

Despite the limitations in MOOC evaluation methodologies, multiple reviews of
MOOC-related research methods have been undertaken without focusing especially on
MOOC evaluations [6]. Two recent systemic reviews have been published summarizing
methodologies and topics for MOOC research. Zhu et al. [7,8] and Bozkurt et al. (2021) [9,10]
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advocated additional research on MOOC evaluation methodological techniques. This study
focused little on the quality of the procedures and methodologies used. Furthermore,
a considerable number of MOOC studies evaluate general pedagogic factors without
assessing the course. While the broad review of MOOC education and pedagogy is valuable,
it is also essential to evaluate courses [7]. The assessment of the quality of learning through
MOOCs has become an “educational” variant of the Big Data problem, as it is mediated
by learning analytics [11]. The application of learning analytics allows the identification
of problems and potential. The dropout rate is an indicator not significantly associated
with the effectiveness of MOOCs. Stracke [12] underlined that some students consider their
educational objectives to be achieved even by simply downloading the materials available
to pursue self-regulated learning and using them outside the time provided by the MOOC.
MOOCs allow a large number of users to be reached, guaranteeing easy and immediate
access to knowledge and content and mediating online communication with the teacher or
among peers [12]. The online tutor is essential to favor monitoring processes in MOOCs
with respect to both to the levels of completion of the course and to the management of
information of a more qualitative nature, thus enhancing the relational dimension within
the learning process [13]. MOOCs allow the communication of automatic and personalized
feedback by placing the individual in direct comparison with his or her colleagues. Students
learn by comparing themselves with more or less experienced colleagues [14]. MOOCs
are offered in any different subject areas, such as STEM, art, medicine, and business, with
differences in each subject area [15,16]. Studies on learning, and in particular on perceptual
learning, have focused on learning stimuli consisting of a single sensory modality. However,
our experience in the world involves constant multisensory stimulation. For example, visual
and auditory information is integrated into the performance of many tasks that involve
locating and tracking moving objects. Therefore, the human brain is likely to have evolved
to develop, learn, and operate optimally in multisensory environments. Multisensory
learning is determined by a multisensory stimulation that induces a unified perception.
Multisensory information has been shown to facilitate learning [17]. Typically, MOOCs
covers two sensory channels: sight and hearing. In this review, the authors analyze all the
studies where MOOCs include a multisensory approach. One of them is the sense of smell.
Smell is the greatest ally of memories: it allows us to travel through time and therefore
ensures that the sense of smell is chosen as a privileged sense by memory. A smell or a
perfume already smelled has the unparalleled power to rematerialize even our intimate
memories, to make us present in distant events. No other sensory data is as memorable as
a smell, equally resistant to the wear and tear of time, equally evocative of the past, and
equally capable of stimulating all the other senses. The sense of smell demonstrates a close
relationship with episodic memory. Of all the sensory stimuli, smells seem to trigger the
most vivid and emotional memories: in fact, the olfactory input has direct connections
via the olfactory bulb and the primary olfactory cortex (piriformis) on two key structures
involved in emotion and memory (the amygdala and hippocampus), without passing
through the thalamus. The strong anatomical connection between olfactory and memory
structures therefore makes the sense of smell a privileged sense for accessing memories [18].
Olfaction, the sense of smell, is closely linked to learning, and certain research indicates
that olfactory sensory abilities play a role in the performance of visual memory (VM). For
example, the removal of the olfactory bulb inhibits visuospatial education in rats [19],
and training in odor identification leads to improved visuospatial learning in rats [20].
Zelcer et al. [19] focuses on whether olfactory memory training in adult humans would
have positive impacts on both VM and olfactory task performance. The olfactory system
has a remarkable biological and functional flexibility [9]. The taste buds and olfactory
system are a challenge to include in your eLearning course design, but it is achievable.
These two senses can be mixed with vivid images and descriptive phrases. For example,
when the flavor of a food or the smell in the air is described, the mind performs tricks to
visualize the environment [21].



Computers 2022, 11, 32

40f19

Multisensory learning through MOOCs is an important educational element for stu-
dents with dyslexia. Orton Gillingham is now linked with multisensory learning. In
particular, multisensory instruction involves several senses that support of the student’s
learning (Figure 3). This would ideally include the senses of sight, hearing, and touch or
movement and enable individuals to link their learning strengths, visually, auditively, and
kinesthetically, to areas of learning that are harder for them [6]. In order to address the
gaps in MOOC literature evaluation methods, the objective of this systemic review was to
identify and examine current MOOC assessment methodologies and their multisensory
approach. This review aimed at informing the future MOOC assessment process [9].

Figure 3. Multisensory learning.

Understanding the potential of sensory learning through MOOCs would allow the
improvement of learning processes in response to students’ needs (Figure 4). This review
therefore aims to analyze the studies already conducted on the above topic to bring out the
possibilities of improving practice through a more evolved understanding of knowledge
acquisition through the senses.

The Language Triangle
Visual, Auditory, Kinesthetic

As you adapt to the challenges of online teaching,
multisensory learning is one of the challenges you
confront. If you cannot utilise our fun manipulation
or interactive activitics, which you generally use per-
sonally. It is crucial to strive to multisensorise each
section of the lecture.

Figure 4. The language triangle.
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The analysis of the state of art aims to understand how it is possible to acquire
knowledge through the senses and which teaching methods can improve and make learning
more efficient through MOOCs. The implications of what emerged have the potential to
produce an evolution of MOOCs and inaugurate new avenues of research for training
conveyed through multisensory stimulation.

2. Results

The total number of reviewed articles are 65 distributed in their publication years on
MOOC:s delivery, as shown in the below graph in Appendix A.

Figure 5 shows that the highest percentage of articles published is for the year 2020
followed by 2019. In addition, not taking into account the additional miscellaneous sourcing
classified as “other”, most of the studies are from the United States, followed by the United
Kingdom (Figure 6). The nationality of the search is associated based on the context of
the search. The results, emerging from the comparison of the selected studies, indicated
that most studies [22,23] were based on quantitative research methods, followed by mixed
research methods and qualitative research approaches [24,25]; most of the studies were
surveyed, followed by platform databases and interviews [26,27]; almost half of the studies
were conducted using at least two methods for data collection: survey and interview [28,29];
and most were replicated [30,31]. The most highlighted subjects included student retention,
learning experience, social learning, and engagement. In particular, it emerges that the
video lessons of MOOC:s are a tool to increase skills, improve performance in summative
assessments [32], and catalyze powerful behavioral changes [33]. Furthermore, MOOCs
have the advantage of facilitating the learning process by offering materials and enabling
information-sharing [34].
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Figure 5. Distribution of MOOC publications.

The distribution of contribution on MOOCs learning worldwide is shown in the
graph below.

What has been discussed is confirmed by all the selected studies, although there is
a clear need to promote research in the field by presenting the evidence. In support of
this, medical and healthcare students report that they are more motivated to learn through
MOOQOCs, which allow for a beneficial sharing of digital material and a practical approach
thanks to informal and transmedia learning environments [34,35]. MOOCs unlock new
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opportunities for training and lifelong learning by improving the safety and quality of
health services in supporting patients to achieve a better quality of life [36].
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Figure 6. Distribution of countries on MOOCs Delivery.

Consistent with connectivist learning theory, during a MOOC course, learners con-
tributed their own sources of nutritional information to discussions using their own knowl-
edge networks to teach and share information, and their information was derived primarily
from websites. It emerged that nutrition professionals need to understand the principles of
connectivist learning behaviors to engage course recipients [37]. A small number of articles
have been published on the topic of multisensory stimulation through MOOCs, one of
which illustrates the MERGO Project [38], which offers an MOOC in oenology and wine
tasting combined with an olfactory experience, allowing the user to improve and train their
olfactory knowledge on oenology, viticulture, and wine experimentation.

In the following, we explore what was found through these results.

3. Discussion

The motivation behind this precise audit of the examination standards and themes
identified with MOOCs just as MOOC research distribution outlets and creators’ topograph-
ical disseminations was to acquire a deeper comprehension of the MOOC marvel. The
65 examinations inspected in this deliberate survey uncovered a few fascinating patterns
with respect to the exact exploration on MOOC:s distributed between January 2008 and
February 2021 [39].

3.1. Distribution Diaries for MOOC Research

The current examination investigated the distribution diaries for MOOC research
just as exploration techniques directed, information assortment strategies, information
examination techniques, research foci, creator’s geographic data, creators” cooperation
types, geographic data with respect to the conveyance of MOOCs, and the dispersion of the
MOOC research by year of distribution [35,40]. Figure 5 shows that the highest percentage
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of published articles refer to the year 2020, followed by 2019. Furthermore, most of the
studies come from the United States, followed by the United Kingdom (Figure 6).

3.2. Multimodality in the Classroom

The introduction of multimodality in the classroom requires an effort to accommo-
date teaching practice. Multimodal practice consists of the integration of specific modal
resources: writing a recipe and then transforming it into a didactic discourse with the
support of the Interactive Writing Boards (IWB); writing drafts and project texts starting
from literary excerpts; debating in a reasoned way by developing a written text but then
focusing on speech, its understanding, and critical analysis, as well as on the action; nar-
rating starting from a video stimulus, transcribing spoken passages, and rewriting on the
basis of a literary model [41].

3.3. Area of Cognitive Styles

Multimodality is usually considered a perceptual multimodality; it leverages the idea
that learners use different sensory modalities (visual, auditory, and body mobility). The
discussed area of cognitive styles, understood as a multiplicity of approaches to learning
contents, is added. In other words, beyond the perceptual level, information is organized
and processed according to individual modalities that are affected by one’s personal history
of learning [42,43].

According to the current studies, in olfactory learning and not visual learning, transfer
effects are detected, while task difficulties and learning rates were equivalent in both
training tasks.

Based on our findings, we anticipate that olfactory system MOOCsS learning could
lead to more cross-sensory transmission than is the case of the visual system (which is the
dominant model for cognitive interventions). Our results also underscore that the transfer
of learning is often unrelated to the extent of the gains made in the MOOC:s [37,44].

3.4. Future Perspectives

Further research is needed before the value of olfactory cognitive MOOCs learning
can be determined. It is not obvious if the multimodal character of the learning tasks or
the unknown variations in cognitive demands were the result of this shift, rather than the
commitment of olfaction per se [45,46]. This may lead to additional studies: each MOOCs
learning exercise uses one type of sensory stimuli. Therefore, we consider that the sensory
complexity has a great value for a new generation of MOOCs. In this direction, further study
is needed where multimodal complexity of training tasks is changed [47,48]. In conclusion,
the comparison of the selected articles revealed the effectiveness of MOOCs in relation to
the learning achieved by students and the increase of their motivation. Furthermore, these
online courses facilitate the sharing and democratization of knowledge and the acquisition
of practical skills in university and training environments. The new frontier is represented
by the multisensory stimulation mediated by MOOC:s to facilitate learning.

We believe that the outcomes of our study will motivate more research on cognitive
MOOCS learning based on odors [49]. Such operations could be advantageous for elderly
people because olfactory deficits are the early indicators of cognitive impairment and
dementia related to age [50-52].

4, Materials and Methods
The Search Strategy

The search was performed according to the guidelines recommended by the PRISMA
statement for systematic reviews and meta-analyses [13]. This paper intends to carry out
a systematic review analyzing the state of the art on the topic of MOOCs in association
with sensory learning. Literature was searched for the appropriate studies from the online
databases of the PubMed, Scopus, Web of Science, and Google Scholar published from 2008
until February 2021 (Figure 7). The combinations of key words used for the search were as
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follows: “MOOC”, “Massive open online course”, “olfactory”, “sensory”, “gustatory”, and
“learning”. The articles were selected based on three guiding principles: “MOOC facilitates
sensory learning”, “olfactory learning is a rapidly developing sector”, and “gustatory
learning has had more space in experimentation until 2019”, because, until the pandemic,
it was easier to combine online learning with face-to-face experimentation with experts.
During the COVID-19 phase, the course became fully online. Regarding the inclusion
and exclusion criteria, the articles were selected from peer-reviewed English journals that
aimed to describe or evaluate the dimensions and variables expressed with respect to
the research topics mentioned above (screening). The publications unrelated to the topic,
and the concerned age group were excluded, as well as those for which the complete text
(relevance) was not available. Book chapters, books, news articles, and legal reports were
also excluded. A qualitative synthesis of the most relevant information was also conducted
with comparisons between the various publications.

e

PubMed
Y
| | Google
Scopus Scholar |
' =)
|
Web of Research |
Science Gate |
/ 2y

Figure 7. Databases research.

The process for including studies in the systematic review is described in Figure 8.

No filters were adopted, which is why all products such as papers, books, reviews, doc-
uments, etc., were included. Furthermore, all results were accepted without any constraints
regarding the type of data analysis, measurement, sample, and tools used.

A total of 239 results emerged after searching through the various databases, of which
100 were duplicates. Of the 139 results, 57 were excluded because they consisted of reviews
and meta-analyses. Of the 82 articles selected through the previous steps, 17 were excluded
because they were incomplete or irrelevant (irrelevant articles n = 10; other reasons = 7). In
conclusion, 65 studies were included (Figure 8). The AMSTAR 2 guidelines were followed
for the critical appraisal of the methods adopted in the review (Beverley et al., 2017). The
16 items of the instrument were adhered to by engaging two practitioners, who were
responsible for item collection and selection and operated independently.
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Figure 8. Prisma flow diagram.
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All study participants synthesized and compared the selected studies. The method
used to synthesize the results consisted of defining for each study the following characteris-
tics: title, author, country, keywords, and results (Figure 5).

The information in this examination was gathered from Scopus and companion ex-
plored diaries and needed to meet the accompanying rules for the determination (see
additionally Zhu et al. [53] Ebben 2014 [40]). To begin with, given that MOOCs previously
arose in 2007 and 2008 [54-56], the investigations of this audit were distributed some-
where in the range of 2008 and 2021. Second, the investigations must be experimental
examinations. Third, the investigations inspected MOOCs from instructive viewpoints
and were not just about specialized issues or plans of action [57]. Fourth, we utilized
catchphrases “MOOC” and “Huge Online Open Course(s)” to screen titles, abstracts, and
the writing chosen. Fifth, the investigations were distributed in scholastic diaries instead
of as book parts, websites, magazines, and so forth, and were distributed in English. We
just included friend surveyed diaries on the grounds that such papers commonly address
better expectations of exploration thoroughness and believability (Utah State University
Library 2020) [54].

To accomplish proficiency and improve the dependability of this examination, the
authors performed the underlying inquiry in an equivalent division of diary sources
Ebben 2014 [40]. One specialist looked through articles from five key diaries in Scopus,
which would in general distribute articles identified with MOOCs (for example, PCs and
Education, British Journal of Educational Technology, The International Review of Research
in Open and Distance Learning, Distance Education, and Educational Media International).
She additionally led a hunt in a few different diaries not filed by Scopus yet have been
known to distribute MOOC research. as we can see in Table 1 (e.g., Online Learning, the
International Journal on E-Learning, Journal of Interactive Media in Education, Journal
of Online Learning Research, and the Journal of Open Flexible and Distance Learning).
The subsequent analyst looked through the remainder of the articles found in the Scopus
search [55].

The relevant literature correlated with the sensory learning is depicted below.

Massive Open Online Courses (MOOCs) represent a large-scale learning modality that
is changing the higher education landscape. Yu and collaborators (2017) [58] highlight the
role that artificial intelligence (AI) assumes in the design and delivery of MOOCs. In par-
ticular, the authors highlight how virtual learning accompanied by human characteristics,
such as curiosity and emotion, can improve the learning experience. It is also highlighted
that, through artificial intelligence techniques, the learning sequence can be customized
according to the needs of each student. Furthermore, qualitative and quantitative analyses
carried out in a study on the delivery of a MOOC on behavioral medicine showed that
the participating students were enthusiastic about interacting with virtual patients and,
therefore, about experimenting; they were excited to apply the new knowledge they had
acquired. The study also suggested incorporating several interactive cases with many
varied levels of complexity [59].

In this particular historical moment, the COVID-19 pandemic has caused enormous
difficulties in the world of education. Virtual resources have, therefore, assumed a key
role, and previously developed MOOCs have received a positive reception by learners
and a net increase in use, guaranteeing learning in a way that is completely innovative for
many [60]. Currently, some developing countries, such as Malaysia, are adopting mass
open online courses (MOOCs) in higher education. Related to this implementation is the
need to make the monitoring of MOOC:s easier. Asli [39] highlighted that a key component
of these courses is the design of the interactive visualization: the detailed characterization
and abstraction of the domain problem help the designer to derive the design requirements
to generate an appropriate visualization solution.

A statistical sensitivity analysis was carried out for the many studies (in
Figure 5, [1,6,12,18,20,33,36,45,54]) containing missing data with respect to the research
hypothesis, which is common in each research study. The data were analyzed excluding the
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missing values; thus, only the complete data were analyzed; then, the missing values were
imputed through single or multiple imputations and, eventually, the analyses were traced
back to the imputed data. The research hypothesis in the latter case has been confirmed.

Table 1. Sensory learning results.

Author

Problem characterization for visual analytics in MOOC
learner’s support monitoring: A case of Malaysian MOOC
Virtual Patients in a Behavioral Medicine Massive Open

2 Online Course (MOOC): A Qualitative and Quantitative Berman et al. 2017 Sweden
Analysis of Participants” Perceptions

Participation in an existing massive open online course in
dentistry during the COVID-19 pandemic

4 Towards Al-powered personalization in MOOC learning Yu et al. 2017 Singapore

Asli et al. 2020 Malaysia

France et al. 2020 USA

The literature review provides access to a deeper understanding of the sensory learning
process mediated by MOOC:s. Selected studies are identified above.

5. Conclusions

Most MOOC exploration, particularly on sensory learning, to date has zeroed in on
student issues, for example, the student experience, social learning, commitment, self-
controlled learning, inspiration, execution, and MOOC finish.

Instead, research on MOOC teachers has a minor impact [34,61]. To address this hole,
MOOQOC specialists later on might target educators or plan more extensive investigations of
different MOOC partners such as students, teachers, educational originators, or program
heads. More examinations of MOOC teachers’ plan cycle and discernments would enhance
the comprehension of MOOC wonder. Such exploration could advance a more profound
comprehension of the nature of MOOCs, social affectability in MOOCs, MOOC instructional
methods including course intuitiveness and commitment, and evaluation rehearsals from
MOOC educators’ points of view [61,62].

We suggest that training protocols employing a single sensory stimulus regime do
not involve multisensory learning mechanisms and, therefore, may not be optimal for
learning [9].

The senses mediate knowledge, but they do not mediate it univocally, and, in any case,
knowledge itself, once it is acquired through the senses, frees itself from them and is defined
according to amodal values, substantially devoid of references to sensitivity. The vicarious
process is proposed as the main guarantee of the didactic values of learning mediated
by the different sensory systems; therefore, the use of a multisensory approach in the
construction of knowledge is legitimized [52,63]. There are numerous design hypotheses
for a consistent and as structured as possible use of MOOC:s at the national university level,
an important analysis also aimed at identifying further innovative ways of quality training
in our country.

It emerges that the participants in the MOOC:s of the study by An et al. [8] wanted
to gamify their MOOC:s to increase social interactions and student retention. The need
to ensure that the themes of social learning democracy apply to content areas outside
the social sciences emerges from the Paek study [64]. The perspective concludes with
suggestions for the future of research on the applicability and adequacy of MOOCocracy in
K-12 contexts and the knowledge and skills that learners may need to participate in and
benefit from a democracy of social learning. The increasing aging of the population and the
increasing prevalence of non-communicable diseases require innovation and professional
skills mastered in the health sector [65,66]. MOOCs in the nursing sector open up new
opportunities for training and lifelong learning, improving the safety and quality of health
services in supporting patients to achieve a better quality of life.
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Limitation

This review was subject to some limitations. Firstly, the review cannot draw definitive
conclusions due to the heterogeneity of the interventions and the small number of available
articles that focus on sensory stimulation. The second limitation is applicable to all system-
atic reviews; the search results are limited by the search terms and refinements used (for
example, included journals and publication period). While the systematic review may not
accurately reflect all of the existing literature relevant to this study, it does provide insight
into current research findings and the impact of sensory stimulation in MOOCs.

The last limitation is that, despite the PRISMA quality criteria and the authors” ad-
herence to the AMSTAR 2 guidelines to ensure a certain methodological rigor, the authors
cannot fully control publication biases and therefore cannot guarantee full access to data
within this systematic review.

Since our results are positive, we hope that the literature will soon be enriched with
new studies investigating the efficacy of multisensory stimulation in more specific and
larger populations.
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Appendix A

Table Al. Data Review.

engagement

Title Author Year Country Keywords
Measuring growth in students’ psychometrics; item response
1 proficiency in MOOCS: Two Abbakumov etal. 2018 Belgium tbeory; cr(.)ss.-class1flcat10n .
component dynamic extensions for multilevel logistic model; learning
the Rasch model effects
. . psychometrics; item response
2 Psychometmcs Of,MOQC.:S' Abbakumov et al. 2020 Belgium theory; massive open online
Measuring Learners’ Proficiency . . .
courses; learning analytics
Massive open online nutrition and nutrition; cooking; online
cooking course for improved eating Adam et al. 2015 USA education; eating behaviors; meal
behaviors and meal composition composition
Using the Internet: Nutrition nutrition education;
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