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Abstract

Our perception of the external world relies heavily on our sensory
systems, especially our hearing and visual abilities. It is quite interesting to
know how our brains and bodies are completely bounded together to make
use of information derived from the environment through different sensory
systems. These sensory systems, when intact, enhance an individual’s
ability to thrive in what can be a hostile and ever changing environment.
Several studies have revealed that in order to obtain learning that has an
impact. It is imperative to focus on more than one o senses during
education, and the learning environment are expected enrich it. Since the
epidemic hit the world, distance-learning systems via technological platforms
have dominated the teaching processes in all educational institutions and
systems around the world. Therefore, it became necessary to invest what is
available from the currently unconventional mechanisms using the
advantagesof multisensory approach in the classroom aiming of improving
students' skills and abilities, by transforming the education process into a
rich and enriching experience in effective educational environment, and to
achieve better educational outcomes. Therefore, the present descriptive
paper aims to shed the light on the importance of this contemporary trend
and imposes that its effect within the educational field as well as to identify
the mechanism of the brain works during the multisensory approach.

Key words: multisensory learning, the Covid-19 epidemic

1. Introduction

Newborns learn to use the information derived from the sensory organs for
survival purposes like finding food, escaping from danger. The brain
translates the information coming simultaneously from these sensory inputs
by producing cascades of signals processed. However, when it comes to
education platform, especially the traditional scenario, it is quite different; it
usually focus on one or two senses alone, depending of the teachers’
learning styles, setting of the environment, equipment used, interaction
between teacher and student (Franceshin, 2017).

The facilitative effects of presenting multisensory approach were discussed
over a number

of studies and have reported that perceiving the learning environment is
facilitated to a greater extent when using integrated multisensory cues
compared to unisensory cues (Shapiro et al., 2020) and during development
(Nardini et al., 2015, Utley 2t al.,, 2011, 2010, Barutchu et al., 2009).
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Broadbent, et al. (2020) study revealed that youngest children (6-year-olds)
did benefit learning reliably to a greater extent when multisensory stimuli
were combined compared to unisensory information.

Moreover, there are mixed results regarding the role of multisensory
learning approach in task —object recognition, combinations of visuo —audio
information have been are well established (Shapiro et al., 2020) and data
collected found to improve perceptual accuracy by increasing the content
available especially for object recognition and reaction times (Utley at
al.,2011, 2010. Shams & Seitz, 2008). However, opposing findings of the
efficacy of multisensory learning intervention did not provide an advantage
over the structured intervention for participants (Schlesinger, Gray, 2017).

To conclude, there have been fundamental flaws limiting the generalization
of the role and benefits of using multisensory learning in the education
process due to a variety of reasons; the lack of studies comparing
multisensory instruction to alternative learning approaches (Joshi et al.,
2002), different populations and levels of development (Broadbent et al.,
2020; Nardini et al., 2015).

Therefore, the present descriptive paper aims to shed the light on the
importance of this contemporary trend and imposes that its effect within the
educational field to identify how to the mechanism of the brain works during
the multisensory approach. Several studies revealed that for retained
knowledge, more senses are necessary. The science behind retaining
knowledge and skills using are theoretical examined, although what’s going
on inside our brains while adopting more than one sense needs deeper
insights, especially nowadays, through the pandemic times and the Covid-19
era, where distance learning and the usage of technology in teaching turns
to be dominating institutions around the world. The present paper aims
highlight the advantages of learning based on multiple senses and will
review a number of literature and studies that emphasize the importance of
this contemporary trend and support it, especially in the current situation
during Covid-19, the data and changes it imposes that greatly affect the
educational field.

2. Multisensory Maps in the Brain

It has been demonstrated that visual, auditory and somatosensory inputs are
organized into maps, and allows the translation of sensory stimuli into
outputs that produce behavior. The best place where given sensory stimulus
can be translated into a signal to produce an appropriate behavior, are
based within well-organized maps found in different cortical regions. The
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maps of different sensory modalities are aligned with one another and have
some degree of overlap (Stein & Meredith, 2006; Stein et al., 2004). Many
neurons in the deep layers of the superior colliculus (SC) respond to stimuli
belonging to different sensory modalities known as multisensory neurons.
Around 55% of these neurons are multimodal, 39% are unimodal and 6%
unresponsive to sensory input. Therefore, it may be better to consider the
deep SC as possessing an integrated multisensory map with the individual
maps of the different modalities as components of this integrated map. This
means that a small spatial stimulus often activates cells over a relatively
large region and that the multi-modal neurons in the deep layers of the SC
form different maps from different senses, which in turn help form individual
receptive fields (RFs) for each sensory modality. The sensory modalities
involved include the visual system, the auditory system, and the
somatosensory system. Stein, Burr, Constantinidis, Laurienti, Meredith,
Perrault et al. (2010), defined multisensory integration as:

“The neural process by which unisensory signals are combined

to form a new product. It is operationally defined as multisensory

response (neural or behavioural) that is significantly different from

responses evoked by the modality-specific component stimuli”

(Stein et al., 2010, p.1719)

The SC neurons respond maximally to multisensory stimuli. Multisensory
integration occurs at early processing stages in the brain where in particular,
the SC plays a central role (Kaduence et al., 2004). A vast body of evidence
exists regarding the ability of the human brain to take advantage of
integrated information derived from different sensory modalities to improve
the possibility of detecting, and responding to external events from the
environment.

Studies of the multisensory properties of SC neurons provide evidence
regarding when and why multisensory response enhancement/depression
takes place. The outcome of these studies discovered several rules that
govern multisensory responses. These three main rules are 1) the spatial
rule, 2) the temporal rule, and 3) the law of inverse effectiveness based on
the characteristics of RFs of each unimodal neuron (Stein & Meredith, 1993).
Previous studies of the mammalian SC revealed that combining the same
stimuli can either produce response enhancement or depression in the same
neuron (Wallace, Meredith, Stein, 1996, 1998).
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Figure (1) Excitatory and inhibitory regions of a multisensory neuron. Taken
from Stein & Meredith (1993, p.131), left. Figure (2) shows strong
multisensory response enhancement when auditory-visual stimuli presented
simultaneously, Taken from Alvarado et al. (2009, p 6582, 6584).

3. Multisensory Integration & Learning

Effective teachers prepare, select, and use the most meaningful approaches
and teaching styles to promote learning, especially with different types of
students (Dev et al., 2002) avariety of skills and tasks (Utley& Astill, 2008;
Utley et al.,2010, 2011). More evidence highlighted the use of multimedia
within the multisensory approach while in designing lessons, implementing
lessons lead to deeper learning compared to the traditional way of teaching.
Evidence from those studies revealed that using multisensory integration
approach in teaching improved children’s abilities in a variety of contexts.
Dev et al. examined the impact of using of a multisensory approach including
visual, auditory, and kinesthetic modalities in teaching reading abilities with
first grade children at the special education, have proved gain that
significantly took them out of the special education level. Similar to the
findings of Joshi et al.(2002) examined the effect of using a multi-sensory
approach to teaching reading with first graders, that the experimental group
of children (using the multisensory approach) achieved significantly better
than the control group in their phonological awareness, decoding, and
reading comprehension.

In addition the work of Jubran (2017) aimed to examine the level of sixth
grade students taught mathematical concepts using multisensory approach
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would show higher mathematical achievement, indicating a significant
difference between the pre-test and post-test scores of subjects who had
participated in the multi-sensory approach those who had not participated.
The benefits and gains from using multisensory approach was widely
examined for diverse populations;with and without any mental, physical,
learning issues. Similar findings were found in patients with visual field deficit
(hemianopia), and visuospatial attentional deficit (neglect), and patients with
both hemianopia and neglect. Participants were instructed to either detect
visual stimulus alone and/or combinations of audio-visual stimuli. The
presentation of the auditory stimuli was presented either congruently and
incongruently with the visual stimulus. Their findings revealed that
combinations of auditory that were spatially and temporally aligned with
visual stimulus did improved visual perception in the blind hemi field of
patients with hemianopia improved but not in patients with hemianopia and
neglect deficits (Frassinetti et al., 2005).

With respect to movement enhancement, Cappe' et al. (2009) investigated
whether the integration of multisensory looming signhal facilitated
participant’'sbehavior. Sixteen healthy participants were examined in a go/no-
go detection task involving moving or static stimuli that were presented either
unimodally (auditory vs. visual) or multimodally (audio-visual). The presence
of both unimodal and bimodal stimuli to participants varied in size (looming-
receding-constant) and in sound level that were presented
concurrently/congruently and in-concurrently/in-congruently. As expected,
facilitation of multisensory looming (audio-visual) occurred in terms of
movement speed. Participant's RTs was examined and their results
indicated that the combination of both modalities facilitated RTs than
unisensory conditions even when the direction of the motion was
incongruent between the senses, as shown in see figure (3)
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Figure (3) All RTs were faster in the multisensory conditions than in either
unisensory conditions. Taken from Cappe' et al. (2009, p1047).




2021 &l (66) sl Dbyl Al cigagg clud da

The study of Nasr (2012) was designed to take advantage of the existence
of an integrated audio-visual system and examine how it influences
movement control and coordination in children with cerebral palsy (CP). The
perturbation of task (aiming/unimanual/bimanual) and stimulus type (light
and/or sound) was found to influence movement control in participants with
CP especially within the transport phase. However, the heterogeneity
amongst participants who took part in the present studies indicates the need
for more careful consideration before widespread use in the clinical or
applied setting. Interventions could then be planned and employed which
may assist manual independence in the future, but more research is
required.

On the other hand, some populations with sensory impairment showed
response inhabitation/depression. Williams et al. (2010) investigated if
patients with schizophrenia and healthy control participants showed similar
multisensory detection of simple, temporally congruent sensory cues from
two different modalities. Participants were asked to respond as quickly as
possible when a target was detected. The target that was presented could
be either unimodal (auditory or visual) or bimodal (audio-visual). Patients
with schizophrenia, when compared to healthy participants, did not
temporally integrate auditory and visual stimuli strongly. This result
suggested that patients with schizophrenia had impaired basic sensory
processes, which reduced their ability to filter out redundant sensory
information. In addition, they had higher levels of neural activity inhibition
and an inability to detect and respond to relevant stimuli in the environment.
Inconsistent findings demonstrated from the above studies showed poorer
and improved multisensory integration by individuals, these differences are
likely due to large differences in task designs and/or deficits in basic sensory
processing. The mechanism of multisensory integration might become
particularly important when a sensory modality is damaged. This may
enhance the impaired part to process, improve the perception of sensory
events that are difficult to perceive using one sense only.

4. Conclusions

When teachers utilize more avenues of introducing/ presenting knowledge,
skills, in their classes using multi-sensory teaching techniques can assist
teachers in "translating" and “refining” a new path to provide theirlearners
with meaningful concepts regardless of their abilities, performance, and
attitudes. For the present time, during the pandemic (Covid-19), more in
depth research is needed to address the implication of multisensory
approach in the teaching environment. As with many other techniques and
methodologies that heighten the efficacy of education, technology is
providing new and more accessible tools for teachers to develop
multisensory lessons. Nevertheless, as with most innovations, it is not
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just the tools that matter, but how education professionals use them in a way
that improves the outcome of their efforts. Under the present circumstances
and turning from the traditional methods of teaching to remote forms, it is
encouraging to get benefit from the use of multisensory materials,
manipulative, interactive to enrich the learning environment.

References

1. ALVARADQO, J. C., STANFORD, T. R., ROWLAND, B. A., VAUGHAN, J.
W. & STEIN, B. E. 2009. Multisensory integration in the superior colliculus
requires synergy among corticocollicular inputs. Journal of Neuroscience,
29, 6580-92.

2. Barutchu, A., Crewther, D. P., & Crewther, S. G. 2009. The race that
precedes coactivation: Development of multisensory facilitation in children.
Developmental Science, 12(3), 464—-473.

3. CAPPE, C., THUT, G., ROMEI, V. & MURRAY, M. M. 2009. Selective
integration of auditory- visual looming cues by humans. Neuropsy, 47, 1045-
52.

4. DEV, P.C.,DOYLE, B.A., & VALENTE, B. 2002. Labels needn’t stick: “At-
risk” first graders rescued with appropriate intervention. Journal of Education
for Students Placed at Risk, 7(3), 327-332.

5. FRANCESCHI., T.2017. The Advantage Multisensory Learning.
Edu4.me.

6. FRASSINETTI, F., BOLOGNINI, N., BOTTARI, D., BONORA, A. &
LADAVAS, E. 2005. Audiovisual integration in patients with visual deficit.
Journal of cognitive Neuroscience, 17, 1442-52.

7. JIANG, W. & STEIN, B. E. 2003. Cortex controls multisensory depression
in superior colliculus. . Journal of Neurophysiology, 90, 2123-35.

8. JOSHI, R. M., DAHLGRE, M., & BOULWAR., R. 2002. Teaching reading
in an inner city school through a multi-sensory teaching approach [Electronic
Version]. Annals of Dyslexia, 52,229-42.

9. JUBRAN., S. 2017. Using Multisensory Approach for Teaching English
Skills and its effect on Student Achievement at Jordanian Schools. European
scientific journal,8, 50-61.

10.KING, A. J. & PALMER, A. R. 1985. Integration of visual and auditory
information in bimodal neurons in the guinea-pig superior colliculus.
Experimental Brain Research, 60, 492-500.

11. MEREDITH, M. A. & STEIN, B. E. 1996. Spatial determinants of
multisensory integration in cat superior colliculus neurons. Journal of
Neurophysiology, 75, 1843-57.

12. Nardini, M., Bales, J., & Mareschal, D. 2015. Integration of audio—visual
information for spatial decisions in children and adults. Developmental
Science, 19, 803-816.




2021 &l (66) sl Dbyl Al cigagg clud da

13.NASR, M.2012. The Influence of Bimodal and Spatially Co-incidental
Sensory Information on the Performance of Unimanual and Bimanual Skills
in Children with Cerebral Palsy, unpublished thesis, University of Leeds,
Leeds, United Kingdom.

14. SCHLESINGER, N., & GRAY, S. 2017. The impact of multisensory
instruction on learning letter names and sounds, word reading, and spelling.
Annals of Dyslexia. 67 ( 3) , 219-258.

15.SHAMS, L., & SEITZ, A. R. 2008. Benefits of multisensory learning.
Trends in Cognitive Science, 12(11), 411-417.

16. SHAPIRO, L., BELL, K., DHAS., K., BRANSON, T., et al. 2020. Focused
Multisensory Anatomy Observation and Drawing for Enhancing Social
Learning and Three-Dimensional Spatial Understanding. Anatomical Science
Education, 13( 4) , 488-503.

17.SPENCE, C. & DRIVER, J. 2004. Crossmodal space and crossmodal
attention, Oxford ; New York, Oxford University Press.

18.STEIN, B, MEREDITH, M. et al. 2010. Semantic confusion regarding the
development of multisensory integration: a practical solution. European
Journal of Neuroscience, 31 (10), 1713-1720.

19.STEIN, B. E. & STANFORD, T. R. 2008. Multisensory integration: current
issues from the perspective of the single neuron. Nature Review
Neuroscience, 9, 255-66.

20.STEIN, B. E., MEREDITH, M.A. 1993. The Merging of Senses. London,
MIT press.

21.UTLEY, A., ASTILL, S. 2008. New INSTANT NOTES IN MOTOR
CONTROL, LEARNING AND DEVELOPMENT. UK, Taylor & Francis.
22.UTLEY, A., NASR, M. & ASTILL, S. 2010. The use of sound during
exercise to assist development for children with and without movement
difficulties. Disability &Rehabilitation, 32, 1495-500.

23.UTLEY, A., NASR, M., ASTILL, S. 2011. Enhancing Auditory Information
— Implications for Catching Behaviour in Skilled Performers. Theories and
Applications in Physical Education, 1, 32-45.

24. WALLACE, M. T., WILKINSON, L. K. & STEIN, B. E. 1996.
Representation and integration of multiple sensory inputs in primate superior
colliculus. Journal of Neurophysiology, 76, 1246-66.

25.WALLACE, M., MEREDITH,M., & STEIN, B.E. 1998. Multisensory
Integration in the Superior Colliculus of the Alert Cat. J Neuro, 80, 1006-
1010.

26. WILLIAMS, L. E., LIGHT, G. A., BRAFF, D. L. & RAMACHANDRAN, V.
S. 2010. Reduced multisensory integration in patients with schizophrenia on
a target detection task. Journal of Neurophysiology 48, 3128-36.




