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DEVELOPMENT AND EVALUATION OF ONLINE APPROACHES FOR 
IMPROVED KINAESTHETIC LEARNING IN SCIENCE
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“For the things we have to learn before we can do them, we learn by doing them” ― Aristotle
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Figure 2.  ‘Anatomage Table’  (URL 1)

Information Processing
Information is transmitted along sensory axons from sensory organs toward the brain.  The subsequent 

response in bodily movement is controlled by motor nerves running outwards from the brain.  The 

evolutionary integration of physical & cognitive brain centres enables faster processing of information to 

facilitate ongoing learning while remaining adaptable to new environments. Active learning modalities 

activate more neural pathways.  Hence, engagement of multiple regions of the brain by a task significantly 

increases learning (Spatial Principle of Multisensory Integration) (Lachs, L., 2022).  Kinaesthetic learning (KL) 

approaches inherently activate more neural pathways through active learning versus passive learning 

through one sensory modality alone, e.g., reading or listening.
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Kinaesthetic learning can be recognised as an experiential approach that uses physical practice to connect concept

Development to reality, e.g., model building, trial & error practice, role-play (Fleming & Mills, 1992; Bolliger &

Supanakorn, 2011)

Kinaesthetic approaches have not translated well to affordable, directly modifiable online platforms for the 
molecular sciences

Hypothesis
Online kinaesthetic learning (KL) approaches would significantly enhance learning for students by helping

them to grasp difficult science concepts faster through better visualisation and interaction with lesson

content. In turn, this should lead to deeper understanding of the topic and enhanced long-term learning

retention.

Figure 3. (a) (b) & (c) ‘The Lac Operon’ (URL 2)

Examples of a correctly assembled & poorly assembled  tasks 
displaying corresponding grade outcomes

The collection of online KL approaches 

developed are referred to as the 

‘Kinaesthetic Learning System’ (KLS)

Lesson slide layout (9 in total) from the ‘Lac Operon’ PowerPoint given 
to undergraduates with matching task slide (7 in total)

Online KL approaches based on an assembly model involving both movement and recall, are highly

effective for long-term learning retention and for learning science material that is represented in a

complex graphical and text format. Students with little to no prior science learning were able to complete

an advanced science topic without the benefit of receiving months of background theoretical information

usually required to scaffold understanding for the concepts, terminology and diagrams introduced. In

addition, students were able to independently learn a lecture that is typically delivered in a 1 hr lecture in

~25 mins.

The development and evaluation of multiple approaches gave rise to the KLS framework, suitable for

guiding the creation and incorporation of KL approaches into PowerPoint. This framework has proven to

be scalable to incremental levels of knowledge, adaptable for direct modification by the user and accessible

on the affordable PowerPoint platform.

Kinaesthetic techniques are routinely adopted in the physical world for learning tangible topics online as

with the ‘Anatomage Table’ (Fig 1). Less clear is how to apply online KL approaches to intangible and

invisible science content which is often presented in abstract format (Fig 3).

Online kinaesthetic interactions are not being utilised effectively for learning in the molecular sciences

Current iterations of online kinaesthetic approaches are not available on affordable platforms or in

formats that can be directly modified by the user

No framework exists to guide the translation of traditionally offline kinaesthetic approaches into an online

format applicable to learning complex science.

Ethical approval: Social Research Ethics Committee (SREC) UCC for mixed methods study amongst

secondary school students (nationally), undergraduates (UCC) and postgraduates (UCC).

Experiments: 9 in total: 3 pilot studies & 6 two-timepoint studies, 2 of which were sub-studies

Assessment: Recall & transfer MCQs & SAQs in Google Form quizzes – results contained feedback

Lesson topics: DNA Transcription & Translation for secondary school students (>100 typically aged 15-19

yrs); the Lac Operon for 1st yr science & medicine undergraduate students (> 200); Salmonella virulence

factors for postgraduates (n 18).

A KL assembly approach was integrated in formats into a science lesson in PowerPoint and delivered to

students for independent remote use and all students remained anonymous throughout. Topics were

chosen for which each cohort would have little to no prior exposure. Lesson material was condensed for

learning in a single study session of ~ 30 min and followed immediately by a post-test quiz. A second quiz 7

days later measured long-term learning retention.

Results show that KL assembly was at least as effective and in some instances better than, some top

learning strategies identified in education psychology namely, computer notetaking (Chi & Wylie, 2014)

and retrieval-practice (O’Day & Karpicke, 2021). All lessons facilitated self-directed, self-paced learning and

enabled students to evaluate their own learning as they progressed by comparing completed task slides

with expert version of the same slides. Thus, they are suitable as a formative assessment or feedback tool,

complementary for use with summative assessments.
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Make complex, abstract topics easier to visualise & interact with,

thus, faster & more intuitive to learn with less stress and more

robust long-term recall

Objectives

Identify, design & develop novel approaches to facilitate online KL

for molecular science

Standard education research material typically uses <500 words to

test approaches, using familiar language with familiar concepts,

e.g., word lists, lightning formation.

Undergrad molecular biology requires scientific literacy to grasp

intangible concepts.

Challenge

Key parameters to evaluate any KL lessons

Test using realistic content, in a realistic setting on student’s own

devices

Test effectiveness of KL approach for those who may struggle

with science

Test 1 hr lecture in < 30 mins to see if KL lesson can decrease time

to learning

Test learning using exams that match difficulty level of content
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Traditional teaching approaches have largely translated well

Translation of learning modalities to online platforms
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