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Abstract

This study proposes a toy-based product that uses tactile perception to enhance memory retention and is carefully created for different learner
groups. Every person falls somewhere within the spectrum of learners. As per educational psychology, there are 3 types of learner groups namely;
visual, auditory, and kinesthetic learners. This concept focuses primarily on kinesthetic learning and its link to other forms of perception.
According to the Cambridge dictionary, kinesthesia is 'the ability to know where the parts of your body are and how they are moving'. Kinesthetic
learning links the movement of the body with learning of different skills and acquiring knowledge. Among somatosensory sub-modalities, this
product aims to incorporate tactile perceptions namely, touch and temperature into the development of the playable toy. Using different patterns,
engravings, and fidget movements, this product aims to improve the field of education. TRIZ method of ideation and conceptualisation is used
and a variety of different forms and functions are discussed. Primary research was conducted with 20 people to analyse the impact of certain
tactile perceptions on mental cognitive processing. The study was done with several patterned discs and was then tracked using bio-monitoring
and questionnaires. The results showed specific patterns to have increased cognitive functioning and awareness. Based on these results, further
study was conducted with memory and skill-based tests. It was conducted while the subject used the discs. These concepts include the
development of a line of various educational toys that serve as an advancement in the education industry. It aims to create further prototypes for
testing. In essence, this study hopes to design and develop a product for learners of all ages to help them learn and retain knowledge faster.
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1. Introduction

The field of educational psychology is ever-evolving, and
understanding and accommodating a range of learning styles
has become essential to developing successful teaching
strategies. This approach highlights the convergence of sensory
play in education as a powerful means to increase both
engagement and deep learning retention, with an emphasis on
kinesthetic learning. This conceptual framework aligns with
the growing body of research in the field of educational
psychology that aims to understand the complex interactions
between sensory stimuli and cognitive processes. It also
converges with the current understanding of memory
enhancement. The foundation of this study suggests creating a
niche product line that is carefully constructed to maximise the
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powerful relationship between tactile perception, kinesthetic
learning, and memory retention. Visual, auditory, and
kinesthetic learners are the central trio identified by educational
psychology as being essential to the combination of individual
learning preferences, where each learner passes through a
distinct spectrum. But the point here isn't just to recognise that
these categories exist; rather, it's to initiate an in-depth look into
the field of kinesthetic learning, which combines physical
movement with the learning of skills and information.

Examining the specifics of kinesthetic learning—a term that
is closely associated with kinesthesia, which is the awareness
of one's own body and its movements—this study suggests a
novel approach that will enhance the educational environment.
Kinesthetic learning, which is frequently overlooked in
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traditional educational settings, fosters a symbiotic relationship
between intellectual absorption and bodily engagement,
marking an important departure from conventional pedagogical
approaches. Acknowledging the range of learning styles, the
research focuses on kinesthetic learning and uses educational
psychology insights to guide the creation of a novel educational
product line. The TRIZ approach acts as a driving force,
pushing ideation and conceptualisation to break through
conventional barriers and promote original solutions.

This study tries to incorporate tactile perceptions—
specifically, texture and temperature—into the design of a
playable toy to transform the learning process within the vast
framework of somatosensory sub-modalities. It proposes a
transformative approach in an educational setting that demands
engagement and adaptability. Through the smooth integration
of TRIZ methodology, educational psychology concepts, and
tactile elements, it steers towards an era where education is not
just efficient but also naturally captivating and unforgettable.

2. Related Works
2.1. Literature Review

Learning is the process of acquiring new knowledge,
abilities, behaviors, attitudes, values, and preferences. The four
most common types of learning are kinaesthetic, visual,
auditory, and read/write. Although the majority of us may have
a general understanding of our preferred learning styles, it
frequently surprises us to learn what our primary learning style
is. One method of learning is kinesthetic learning. The main
idea behind kinesthetic learning is that students learn best when
they are actively engaged in a hands-on environment or when
they are shown simulations, presentations, and videos.
Kinesthetic learning emphasises full-body movement to
process new information, similar to tactile learning, which
emphasises activities like drawing, touching, and building in
educational settings [1]. Examples of this movement include
pacing back and forth while memorising or tapping legs while
drawing flowcharts and underlining notes. Additionally, these
students learn best when given specific, real-world examples.
The ability of the brain to process (perceive) information
coming from the skin, especially the skin on the hands, is
known as tactile perception, also known as touch perception.
This covers factors like curriculum alignment, teacher
preparation, and the overall effect on learning outcomes.
Research examines how tactile engagement affects students'
motivation, engagement, and academic achievement and also
improves memory retention [1][2].

The brain uses the information that the hands register from the
senses to direct the hands during an activity. While touch
receptors allow us to perceive texture, temperature, and
hardness, tactile perception applies information from the hands'
muscles and joints (proprioception) to perceive an object's
shape, size, and weight [2][3]. The tactile modality facilitates a
deeper understanding of concepts by acting as a link between
theoretical knowledge and practical application [4]. The
educational effects of incorporating tactile learning devices in
the classroom are discussed as well [5][6]. Haptic perception

involves manipulating objects with and between the hands, as
well as touching and exploring them with the fingers [6][7].
Studies have repeatedly shown how important tactile learning
is in learning environments. Extensive research has indicated
that experiential learning improves understanding and memory

(8].

Genrich Altshuller and colleagues developed TRIZ, or "Theory
of Inventive Problem Solving," in the former Soviet Union as
a systematic methodology for problem-solving and innovation.
It offers a systematic approach to identifying and resolving
technical contradictions and inventive problems, drawing on
principles such as the Contradiction Matrix to address common
quandaries, the Laws of Technical Systems Evolution to
comprehend trends, and Inventive Standards to generate
creative solutions. TRIZ promotes defining the Ideal Final
Result (IFR) and emphasising resourcefulness in using existing
resources to overcome setbacks. By providing a toolkit of
creative principles and encouraging systematic analysis, TRIZ
enables people and organisations to innovate effectively,
encouraging continuous improvement and breakthrough
solutions [9].

2.2. Market Study

Based on a thorough market analysis, there is a growing
need for educational materials that incorporate tactile elements
and follow the guidelines of kinesthetic learning. Many
companies have launched products that accommodate a variety
of learning styles after realising the benefits of multisensory
engagement in the educational setting including STEM
learning tools [10]. By incorporating these modules into
conventional teaching materials, educators can alter tactile
learning experiences according to subject matter or student
preferences.

Publishers of educational books have started to release sensory
storybooks with tactile aspects woven into the stories. The goal
of these books is to create a multimodal storytelling experience
that promotes early childhood development and a love of
reading. An increasing understanding of the value of
kinesthetic learning is reflected in the market for tactile-
enhanced educational products. The incorporation of
technology, adaptability to different subjects, and emphasis on
gamification are some of the key trends [11]. There is a lot of
space for innovation and the release of new products that
address the various needs of students from various age groups
and educational backgrounds as this niche market develops.

3. Methodology

This research uses a multidisciplinary and systematic
approach, bringing together design thinking, data collection,
and educational psychology principles. The study builds a
strong foundation by exploring current theories and empirical
research in educational psychology, sensory play, and memory
enhancement after conducting a thorough review of the
literature. The methodology of this study is presented in Fig.1.
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An evaluation of needs is conducted using surveys,
interviews, and observation to identify gaps in the target
audience's specific requirements and to identify areas of current
educational approaches that need improvement. Subsequently,
the TRIZ approach is utilised to guide the ideation and
conceptualization ~ phase, pinpointing  inconsistencies,
investigating creative concepts, and producing a variety of
inventive ideas for the proposed educational product range.

3.1. Interviews and surveys

A selective sampling approach was adopted for primary
research. A total of 35 children aged between 8 to 12, who
attended regular school programs were interviewed. A series of
questions were asked, regarding their schooling and experience
with educational material. The questions include, the kind of
activities that are most enjoyable when learning something
new, if there are particular instance that comes to mind where
touching or feeling something helped with understanding a
concept, what is the experience like when toys or other hands-
on materials are used in educational activities, what
characteristics would the perfect learning tool have to increase
the enjoyment of learning, Is it preferred to learn a new subject
through physical interaction or movement-based activities, any
instance when they found it difficult to focus during a lesson,
and If they believe that adding a tactile element would have
improved the learning experience.

[ Literature Review ]

L

[ Selective sampling interviews ]

[ i |
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Fig. 1. Methodology of this study

Each of the answers was later analysed to find similarities and
differences to gain useful insights for the ideation process, as
well as, concept generation. A list of design goals is formulated
and is shown. All further analysed data is mentioned and
elaborated in the results.

3.2. Ideation and conceptualisation

The TRIZ method serves as the model for the ideation and
conceptualisation process used in this study, which encourages
a methodical and creative path toward the creation of an
enhanced educational product line. Adopting TRIZ's principles
requires a systematic investigation of the fundamentally
conflicting nature of the educational environment. When these
contradictions are seen as chances for creative problem-solving
rather than as obstacles, they serve as the main inspiration for
novel concepts. By pushing the boundaries of conventional
thinking, the approach induces the investigation of various
concepts that address the complex issues of incorporating
tactile elements into instructional materials.

a) Concept 1: Sensory Learning Kits

The first concept, which is based on TRIZ-guided ideation,
imagines a line of Sensory Learning Kits that are age-
appropriate. These kits come with a variety of tactile features,
such as interactive surfaces, temperature-sensitive elements,
and textured discs. Every kit has been created to accommodate
a range of learning styles and offers a comprehensive sensory
experience that improves cognitive engagement and memory
retention. By resolving conflicts between tactile engagement
and conventional learning materials, the kit's design and
produces a dynamic and useful learning tool.

b) Concept 2: Interactive Virtual Learning Environments

The second concept investigates the development of
"Interactive Virtual Learning Environments" through the use of
virtual reality (VR) and augmented reality (AR) technologies.
These immersive, tactile learning environments combine state-
of-the-art technology with kinesthetic learning to provide
learners with an immersive experience. TRIZ principles
facilitate the resolution of inconsistencies between tactile and
virtual experiences, guaranteeing a smooth integration that
improves cognitive processing and memory retention. The idea
aims to provide a transformative, cross-border educational
approach.

¢) Concept 3: Adaptable Tactile Learning Modules

These modular units can be added to currently available
teaching resources, giving conventional textbooks and study
aids a dynamic, tactile upgrade. These modules' adaptability
solves the problem of integrating kinesthetic elements into a
variety of learning contexts by enabling educators to customise
tactile experiences to particular lessons or subjects. To resolve
conflicts between adaptability and standardised instructional
materials, TRIZ principles inform the design process,
guaranteeing a versatile and efficient outcome.

These three ideas demonstrate the flexibility of TRIZ-driven
ideation and provide fresh ideas for enhancing learning through
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tactile engagement. Every idea demonstrates an effort to
resolving root causes and difficulties, opening the door for a
revolutionary influence on kinesthetic learning and memory
improvement.

3.3. System Architecture

When developing a system architecture for a tactile-
enhanced learning concept, it is necessary to take into account
the incorporation of digital and physical components.

a) User Interface (UI): The user interface is the point of contact
between pupils and the educational resource. It might consist
of buttons, textured surfaces, and temperature-sensitive
components found on tactile learning aids. In addition, digital
interfaces offer a platform for virtual interactions, like
touchscreens and augmented reality (AR) apps. The digital
interface can be an augmented reality platform, a web
application, or a mobile application. It gives the user
instructions, extra content, and feedback. Bluetooth and Wi-Fi
are examples of connectivity options that can facilitate easy
communication between physical modules and the digital
interface.

b) Tactile Learning Modules: The system's fundamental
components are these physical modules, which include
interactive elements, temperature changes, and textured
surfaces, among other tactile features. Because the modules are
modular and adjustable, they can be utilised independently or
combined with other teaching resources. The tactile learning
modules have embedded sensors that recognise and react to
user input. These sensors record temperature, pressure, and
touch information and give the system feedback in real time.
The gathered data adds to the learning process's adaptable
character. The control centre is the Microcontroller Unit
(MCU), which processes sensor data and controls how digital
and physical components interact. To ensure an agile and
responsive user experience, it interprets user inputs, initiates
the correct responses in the tactile modules, and communicates
with the digital interface.

c) Data Analytics and Learning Insights: For collecting
information about user interactions, preferences, and learning
objectives, the system integrates data analytics tools.
Continuous improvement is made possible by this data-driven
strategy, which modifies the learning process in response to
individual or group user behaviour. Accessibility, scalability,
and storage are made easier by cloud services. The cloud
provides a secure storage solution for user data, content
updates, and system analytics. This enables alignment across
devices and makes sure a uniform learning experience for
students.

This system architecture offers an unconventional and
adaptive learning environment that accommodates kinesthetic

learning preferences by establishing a cohesive ecosystem
where physical and digital components interact seamlessly.

3.4. Tactile Features

The proposed concept has many tactile features that have
been thoughtfully designed to improve the kinesthetic learning
process. Textured surfaces appeal to the tactile senses,
providing a real and diverse sensory experience. Temperature
variations add an immersive element by connecting tactile
experiences to particular learning objectives. Vibration
feedback and pressure-responsive sensors give dynamism and
offer haptic cues in response to user actions. Kinetic movement
components introduce dynamic elements, while interactive
buttons and controls empower learners with hands-on
engagement. The device's versatility is further enhanced by
customisable tactile learning puzzles, augmented reality
interactions, and variable textures catered to different subjects.
Customisable tactile modules allow teachers to adapt the
device to particular lessons, creating a multimodal learning
environment that goes beyond traditional teaching aids.

4. Results
4.1. Interviews and surveys

Ten children between the ages of eight and twelve were
interviewed, and the results offered insightful viewpoints on
the function of tactile engagement in the learning process. The
children's strong preference for hands-on activities and their
description of them as the most enjoyable when learning
something new revealed a recurring theme. Numerous
participants highlighted the practical influence of tactile
interactions on the way they understood by vividly
remembering situations in which touching or feeling objects
helped a lot in their understanding of difficult concepts. All
participants agreed that the inclusion of toys and interactive
materials in educational activities improved the overall
learning process, making it more memorable and captivating.
The children expressed a desire for tools that could make
learning more fun when asked about the qualities of the perfect
learning tool. They highlighted the importance of engagement
and tactile elements. The interviews also revealed situations in
which participants struggled to concentrate in conventional
classes, which made people consider the possible advantages
of adding tactile components to enhance focus and general
learning engagement. All things taken into account; the
findings show that tactile engagement is positively correlated
with improved learning outcomes for kids in the targeted age
range.

4.2. Tactile features

The concept uses a wide variety of sensors to provide an
extensive tactile experience. The strategic use of capacitive
touch sensors produces textured surfaces that let users interact
with unique tactile patterns. The device can introduce
temperature variations through the use of temperature sensors,
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including thermocouples or thermistors, which offer a
multisensory experience associated with a particular material
for learning. Force-sensitive resistors (FSRs) or piezoelectric
sensors are integrated for pressure responsiveness, allowing the
device to react dynamically to different touch pressure levels.
Vibration motors improve the tactile experience by providing
haptic feedback in response to particular
interactions. Incorporating interactive buttons and controls
through the use of micro switches or tactile switches promotes
hands-on interaction. Detecting and reacting to user
movements for flexible interactions, accelerometers, and
gyroscopes are parts of the kinetic movement components. The
device uses sets of capacitive touch sensors to produce different
textures for various subjects, ensuring mobility and
responsiveness. Tactile learning puzzles can be made more
casily with the help of magnetic sensors, like Hall effect
sensors. Lastly, augmented reality interactions are made
possible by cameras and image sensors, which give the device
the ability to react rapidly and captivatingly to particular

physical elements. Through the thorough integration of

sensors, an adaptable and responsive educational tool is
created, promoting a multimodal learning environment.

4.3. Prototype

engagement and interactive aspects. This conveys the
innovative and futuristic aspects of the tactile learning device
while maintaining a practical and accessible design. It is shown
in Fig.2. and Fig.3. A temperature sensor was tested using
Arduino Uno and a LM35 temperature sensor. The circuit
diagram is shown in Fig.4.

Fig.3. 3D model of texture disc for different needs

Fig. 2. 3D model of tactile perception device

The proposed concept is a user-friendly set of devices
with interactive buttons, textured surfaces, and temperature-
sensitive elements. There is an emphasize on the modular and
customizable nature of the device, showcasing interchangeable
tactile learning modules aligned with various subjects.

It includes features such as pressure-responsive sensors,
vibration feedback mechanisms, and dynamic kinetic
movement components. The device can be used by a diverse
group of students in an educational setting, highlighting the

Fig.4. Temperature sensor with Arduino Uno
5. Discussion
5.1. Implementation

a) Pilot Programmes and Integrated Learning Environments:
Introduce tactile learning devices gradually by starting pilot
programs in a few schools. Give priority to topics like science
or geography that have a high potential for tactile engagement.
To aid in the integration process, establish support networks
and give educators thorough training.

b) Personalised Instructional Plans and Teacher Assistance:
Create a collection of curricular-aligned, modifiable tactile
learning modules. To guarantee conformity with educational
standards, work together with curriculum developers.

¢) Student Involvement and Scaling Up Implementation:
Promote student interaction with the gadgets and get input from
teachers and students alike. Scale up the implementation to
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more schools and grade levels over time, depending on how
well the pilot programs work.

d) Continuous Advocacy and Improvement: Create a
framework for ongoing study and enhancement while keeping
an eye on the long-term effects on academic achievement and
student engagement. Prioritise inclusivity and accessibility
while meeting the needs of a wide range of learners.

6. Conclusion

The proposed implementation plan provides a methodical
way to smoothly integrate tactile learning into classrooms; it
starts with pilot programs and gradually ramps up integration.
The creation of adaptable learning modules that fit into current
curricula is a key component of this idea since it enables
teachers to modify tactile experiences to fit particular subjects
and learning goals. The concept emphasises the need for
continuous research and development, monitoring the long-
term effects on student engagement, academic performance,
and retention through data analytics. The concept's potential is
further strengthened by the commitment to accessibility and
inclusivity, which assures that tactile learning devices meet the
varied needs of learners. Further testing in an environmental
setting with a completed physical prototype is needed and will
be conducted in the future. The incorporation of tactile
elements into educational tools presents an opportunity to usher
in a new era of pedagogy by providing learners across various
educational stages with a comprehensive and enriching
educational journey.
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