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http://www.chronobiology.ch/glossary/

CHRONO-BIOLOGY

Def: Science of the study of effects of time on living organisms 



CHRONOBIOLOGY

Franz Halberg (FC), Jurgen Aschoff, Colin Pittendrigh, Serge Daan, Erwin Bunning



Nobel Prize in Chronobiology – Medicine, 2017



Nobel Prize in Neuroscience – Medicine, 2014
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Circadian Rhythms

Circadian rhythms: Self-sustaining biological rhythms characterized by a free-running 
period of about 24h (circa diem) Franz Halberg, 1959: ie. They occur periodically over 24 hours

Characteristics of circadian rhythms:
• Occur in bacteria, fungi, plants, flies, fish, mice, humans, etc.
• Entrainment by light-dark cycles, temperature, social cues, etc

(ie – synchronised to external environmental time cue or ‘zeitgeber’)
• Phase shifted by light pulses
• Endogenous in nature
• Adaptive in nature

Circadian rhythms occur at a molecular
level: (per, tim, cry, bmal g).

These rhythms are the product of an
internal  biological timekeeping system 
which is controlled by a biological clock
located in the Brain



Rhythm = sequence of events that repeat themselves in the same 
order and with the same time interval, over and over again. 
Circadian Rhythms and Biological Rhythms are terms used 
interchangeably and are essentially the same scientific concept

Biological Rhythm:  a biological event or function with a pattern 
of activity that is repetitive at a constant time interval. Examples 
of Human Biological rhythms or Human Circadian Rhythms are:

• Heart rate

• Breathing

• Hormone secretion

• Menstrual cycle

• Body temperature

• Sleep/wake cycle

Biological Rhythms



Daily variations in physiology and 
behaviour are an integral part of life

Clocks regulate the physiology/behaviour 
of virtually all organisms

Light is the key environmental signal that 
regulates the clock in living organisms

Regulation by Time

Effects of ‘natural’ and  
‘artificial’ light?



The biological clock regulates
every aspect of human 

physiology

Goel et al. 2013; Coldwells et al. 1994; Dijk and Czeisler, 1994





Our body clock adjusts 
slowly to changes in the 

environment

Goel et al. 2013; Coldwells et al. 1994; Dijk and Czeisler, 1994
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1. The SCN is provides time-of-day 
information to the rest of the brain and body

Time of day (h)

The Brain’s ‘Master’ Clock:
The Suprachiasmatic Nucleus (SCN)

Its critical location integrates circadian rhythms and neurobiology

2. The light from the eyes signal SCN

Mouse SCN light response in 
vivo;

Brown et al. 2011





Brain Physiology



NEUROSCIENCE:
Neurons, Glial Cells



OVERVIEW: Brain cells responsible for learning are the 
NEURONS.

When the neuron gathers information, it grows appendages called 
DENDRITES. Learning takes place when two neurons communicate 
via axons and dendrites through a SYNAPSE. 

A synapse TRANSMITS ELECTRICAL-CHEMICAL MESSAGES 
between neurons via NEUROTRANSMITTERS (Sprenger, 2002). 

When neurons repetitively communicate with each other, a neural 
network is formed to process information (Sprenger, 2002) and this 
facilitates LEARNING.

SCIENTIFIC BASIS OF LEARNING



Synaptic 
Transmission



Neurological basis of learning: 
Neuronal Circuits

Dendrites

Neural Circuits



1. Circadian Rhythms and Biocognitive Cycles

2. Age Dependent Learning Windows of Opportunity

3. Neuro-systemic influence on Learning and Career

4. Learning and Brain Development

5. Gender Differentiation in Learning

6. Diet and Cognitive Cycles

7. Sleep, Rhythms and Excercise

8. Special Education (SEN) and Mirror Neurons

9. Circadian Rhythms, Genetics, Health and Wellness

10. Integrated Science of Holistic Development

Implications of Biological Rhythms on the 
Neuroscience of Learning and Health
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1). CIRCADIAN RHYTHMS AND
BIOCOGNITIVE CYLES



Chronotyope -The Larks
The larks prefer to start early in the morning 
and sleep early; People in the category of 
larks are generally found to study best 
during the early hours of the morning



Chronotype - The Owls
The owls start their day late and sleep late

They study late into the nights



Horne and Ostberge, 1976, International Journal of Chronobiology                                     
MEQ Questionnaire

Chronotypes peak and set during late Teenage years



Correlation: Circadian 
Chronotypes and 

Academic Achievement

Research Team from Oral 
Roberts University, USA.

Research Published in the 
International Journal of 
Psychology and 
Neuroscience (IJPN).

https://www.researchgate.net/publi
cation/334442485_Chronotype_as
_a_Predictor_of_Academic_Succe
ss_of_University_Freshmen



MEMORY VARIES BY THE CLOCK

• It’s been shown that time of the day effects 
memory. We incorporate 2 different types of 
memory in learning:

• literal (facts, names, numbers, formulas);   

• inferential (poetry, fiction, art, music). 

In the morning literal memory is favoured and afternoon 
our brain integrates prior learning into inferential.



Memory Formation

10 steps to a better brain; Kate Douglas et al, 2006, New Scientist
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2).   AGE DEPENDENT LEARNING WINDOWS OF 
OPPORTUNITY – Eric Jensen



By 6 months of age, infants develop a map in the auditory cortex of the phonetic sounds 
in the native language their mother or caretaker speaks. 

By 12 months, infants lose the ability to discriminate between sounds that are not made 
in their native language. 

While subtle phonetic distinctions might be lost in the first year, children have the 
ability to learn a second, third and fourth language quickly until about age 10. 

Dendrites grow fastest during early years of life, hence rapid learning usually takes 
place during early years of life (till the age of 10) 

Eg: Language 
Acquisition



Marshmallow Experiment 1 

Marshmallow Experiment 2

Developing a Value in Children
eg: Self-Control/Patience/Delayed Gratification



Biological Time changes with Age
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Roenneberg et al. 2003; 2007; Harazsti et al 2014

10% lower university grades 
during morning tests

Body clock is 
shifted later in 

teenagers



3). NEUOSYSTEMIC INFLUENCE ON 
LEARNING AND CAREER



Transfer of Stimuli : Multi-Sensory Neural Pathways

Eyesight

Hearing

Taste
Touch

Smell



Neurosystemic Influence on Learning
Surface Reading on digital media = concept thinking : Deep Reading on print media = critical thinking





Left Brain

• Math

• Science

• Languages

• Computer Sciences

• General knowledge

Right Brain

• Art

• Craft

• Music

• Sports

• Theatre-Drama

4). LEARNING AND BRAIN DEVELOPMENT

Kathleen Cercone, 2006 - Brain Based Learning



Left Brain - Right Brain Conflict

Look at the chart below

The right side of the brain tries to say the 
colour while the left side tries to say the 
word.



Is the girl 
rotating 
clockwise or 
anticlockwise?

Left vs. Right Brain

Clockwise Anticlockwise

Look carefully 
using both eyes



LEFT BRAIN USER

(ANTICLOCKWISE)

uses logic 
detail oriented 
facts rule 
words and language 
present and past 
math and science 
can comprehend 
knowing 
acknowledges 
order/pattern perception 
knows object name 
reality based 
forms strategies 
practical 
safe 

RIGHT BRAIN USER

(CLOCKWISE)

uses feeling 
"big picture" oriented 
imagination rules 
symbols and images 
present and future 
philosophy & religion 
can "get it" (i.e. meaning) 
believes 
appreciates 
spatial perception 
knows object function 
fantasy based 
presents possibilities 
impetuous 
risk taking 

Brain Development influences Personality



Boys tend to start school up to 
1.5 years behind girls in language 
and fine motor development

Boys generally see better in 
bright light

Boys tend to be deductive in their 
reasoning, moving from the 
general to the specific.

While girls are more easily 
developing verbal skills

Girls generally see better when 
there is dimmer light.

Girls tend to favor inductive 
thinking.  

They tend to move from specific 
to the general.

5). GENDER DIFFERENTIATION IN LEARNING

https://www.scientificamerican.com/article/girl-brain-boy-brain/

Lise Eliot, Scientific American, 2009 



Observations about boys and girls as writers

Boys tend to want immediate 
feedback and hope the reader just 
likes it the

way it is.

Boys tend to ponder and fester 
about what they are going to write.

Boys use their drawings to pump 
up the action in their narratives.

Girls like the way their writing 
captures their voices.  They are 
more willing to take time with 
feedback.

Girls tend to ‘attack’  a writing 
assignment and get it done quickly.

Girls tend to draw nouns - people 
and faces

Lise Eliot, Scientific American, 2009 

https://www.scientificamerican.com/article/girl-brain-boy-brain/





Gender Differentiation and Brains



6). DIET AND COGNITIVE CYCLES

The brain functions as the master organ of the Central Nervous System. The 
brain makes up 2.5-5% of the body but uses 30% the of body’s energy ie. appx 
700 Cal for normal functioning every day. 

Neurotransmitters are chemicals responsible for cognition and  they are often 
the by-product of digestion. Hence nutrition is important to modulate optimum 
levels of neurotransmitters in the Brain especially in Pre-adolescent Years. 

Few of these Neurotransmitters/Bio-chemicals in the Brain include 

• Dopamine 
• Serotonin,
• Acetylcholine 
• GABA
• Histamines

https://www.newscientist.com/article/dn9968-top-10-steps-to-a-better-brain/



NEUROTRANSMITTER/
BIO-CHEMICALS

FOOD/DIET FUNCTIONS IN BRAIN

Serotonin Chicken,  Fish, Eggs, 
Turkey, Mango, Pineapples
Nuts, Flaxseed 

Mood, Memory 
Processing, Sleep, 
Cognition

Dopamine Cheese, Tofu, Nuts and 
Seeds , Legumes

Pleasure, Reward, Motor
Functions, Compulsion, 
Preservation

Acetylcholine Eggs, Beans, White Meats Short-Long Term Memory

Tyrosine Curds/Yoghurt, Milk Sleep

Antioxidants, Beta-
carotene (Vit C and E )

Salads,  Green Vegetables
Strawberries, Blueberries

Combat Aging

DHA-Omega 3 Fatty Acids Fish, Salmon, Kiwi, 
Walnuts 

Alertness,  Focus, 
Retention

10 steps to a better brain; Kate Douglas et al, 2006, New Scientist



Frequency band 
(cycles/second)

Name of 
Brain Wave Band

Description

1 - 3 Delta

Generally strongest 
when a person is in 
a deep dreamless 
sleep.

4 - 7 Theta

May be associated 
with dreamy, 
creative, intuitive 
states.

8 - 10 Alpha

Associated with a 
calm and relaxed 
state when the 
person is not 
thinking.

15 - 30 Beta

Associated with 
being alert, with 
normal thinking, 
with processing 
information.

7). SLEEP, RHYTHMS AND EXCERCISE



SLEEP RHYTHM

• Restorative Functions
– growth and repair

• Adaptive Functions
– predator avoidance

– energy conservation

• Cognitive Functions
– learning, unlearning, 

reorganization



SWS VS. REM SLEEP



Human Circadian Rhythms: 
Functions for Homeostasis



Exercise and the Brain



• Dyslexia

• ADHD/Attention Deficit Hyperactivity Disorder

• Dyscalculia 

• Dysgraphia

• Autism

• Anxiety

• Aphasia

• Asperger's syndrome.

• Auditory processing disorder.

• Autistic spectrum disorder.

• Behavioural difficulties- EBD, SEBD, SEMH.

• Anorexia

8). SPECIAL EDUCATIONAL NEEDS 
AND MIRROR NEURONS



Brain Imaging Techniques:
Genetic, Brain Damage, Abnormal Growth

Diagnosing Brain Disorders, Learning Disorders
fMRI, PET, CAT



MIRROR NEURONS 



• First discovered around 1990 - Giacomo Rizzolatti, a 
neuroscientist at the University of Parma, Italy.

• studying brain activity in macaque monkeys

• neurons in an area of monkeys' premotor cortex - F5 
fired

• individual neurons- only respond to very specific 
actions. (peanut grasp)

• (1992, in Experimental Brain Research )

• (1996, Brain )- “Mirror Neurons”



Implications of Mirror Neurons

Empathy-Dalai 
Lama Neurons Language Theory of mind 

Socializing Imitation
Understand 

peoples actions 
(infants)

Understanding 
peoples 

intentions & 
goals (Planning)

Gender 
differences Autism (SEN)



Music Therapy for SEN – Daniel Levitin



Neurogenesis
Neuroflexibility



9). CIRCADIAN RHYTHMS, GENETICS 
HEALTH AND WELLNESS 

https://www.ags-health.com/



The intrinsic 24 h rhythms arise from the molecular interaction of key 
“clock genes”. This molecular clockwork is in turn adjusted to the 
external world by recently discovered photoreceptors within the eye.

Molecular Genetics of Circadian Rhythms



Circadian Rhythms and Health

Jet Lag Shift-Work Insomnia Chronomedicine





https://www.youtube.com/watch?v=VHKHXxALHMQ

CIRCADIAN MEDICINE 
The Body Clock in Health and Disease

Dr. Satchin Panda







1. Cognitive (Alfred Binet - IQ, Jean Piaget, Lev Vygotsky, Benjamin Bloom) 

2. Aesthetic (Howard Gardner- MI)

3. Physical (Kurt Hahn – EL)

4. Social-Emotional (Daniel Goleman - EQ)

5. Spiritual (John Dewey, Abraham Maslow - SQ)

10. INTEGRATED SCIENCE OF 
HOLISTIC DEVELOPMENT





Higher Order Thinking Skills - HOTS

Critical 
Thinking

Experiential inquiry

Deconstruction

Analysis

Validation

Reflective 
Thinking

Reflection of past
Reasoning

Synthesis for future

Creative 
Thinking
Abstraction

Concept formation

Innovation

Dialectic

Thinking
Reconciling extreme 

ideas

Paradoxical thinking

Coexisting with 
opposites

Cognition
Trans disciplines

Human Learning

Language

Culture, Art

Sciences, Math

Self
Emotional 

Intelligence 

Motivation 

Self awareness

Self regulation

Efficacy

METACOGNITION

Higher Order 
Thinking

Skills
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Thank you

Few references, articles, links, slides and photographs collated from the world wide web 


