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Technology such as:
ÅInternet of Things (IoT),

Å5th Generation Cellular Networks 
(5G),

ÅCloud Computing,

ÅDistributed Ledger (a.k.a. Block 
Chain),

ÅBig Data, Machine Learning, 

ÅΧ

Next five to ten years
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frog born in a well.



Pizza!

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

bƻƴƴŀΩǎPizza

Fresh toppings

Know How!

Time to Pizza = 3 Hr

Home Made



Pizza!

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

bƻƴƴŀΩǎPizza

Fresh toppings

Know How!

Time to Pizza = 3 Hr

Home Made

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Costco

frozen toppings

Know How!

Time to Pizza = 20 mins

Frozen (pre made)



Pizza!

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

bƻƴƴŀΩǎPizza

Fresh toppings

Know How!

Time to Pizza = 3 Hr

Home Made

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizza Nova!

standard toppings

Know How!

Time to Pizza = 45 mins

Delivery

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Costco

frozen toppings

Know How!

Time to Pizza = 20 mins

Frozen



Pizza!

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

bƻƴƴŀΩǎPizza

Fresh toppings

Know How!

Time to Pizza = 3 Hr

Home Made

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizza Nova!

standard toppings

Know How!

Time to Pizza = 45 mins

Delivery

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Costco

frozen toppings

Know How!

Time to Pizza = 20 mins

Frozen

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizzeria

exotic toppings

Know How!

Time to Pizza = ? mins

Restaurant



Pizza!

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

bƻƴƴŀΩǎPizza

Fresh toppings

Know How!

Time to Pizza = 3 Hr

Home Made

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizza Nova!

standard toppings

Know How!

Time to Pizza = 45 mins

Delivery

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Costco

frozen toppings

Know How!

Time to Pizza = 20 mins

Frozen

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizzeria

exotic toppings

Know How!

Time to Pizza = ? mins

Restaurant

Cost = $6 Cost = $10 Cost = $30 Cost = $60



Pizza!

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

bƻƴƴŀΩǎPizza

Fresh toppings

Know How!

Time to Pizza = 3 Hr

Home Made

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizza Nova!

standard toppings

Know How!

Time to Pizza = 45 mins

Delivery

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Costco

frozen toppings

Know How!

Time to Pizza = 20 mins

Frozen

Dough

Sauce

Cheese

Oven

Gas / Electricity

Pop

Table

Pizzeria

exotic toppings

Know How!

Time to Pizza = ? mins

Restaurant

Cost = $6 Cost = $10 Cost = $30 Cost = $60



Compute!

Computer

Storage

Network

Facilities

Electricity

Connectivty

Limited scale

bƻƴƴŀΩǎPizza

Security

Know How!

Time to compute = slow

On Premise

Computers

Storage

Network

Facilities

Electricity

Connectivity

Scalable

Pizza Nova!

Security

Automation

Time to compute = 5 min

Compute as a Service

Computers

Storage

Network

Facilities

Electricity

Connectivity

Limited Scale

Costco

Security

Automation

Time to compute = faster

Private Cloud

Many Choices

Mass Storage

Network(s)

Facilities

Electricity

Global Connectivity

Ultrascaleable

Pizzeria

Security

Automation

Time to Compute

Public Cloud

Cost = $ Cost = $$ Cost = $$$ Cost = $$$$



Compute!

Computer

Storage

Network

Facilities

Electricity

Connectivty

Limited scale

bƻƴƴŀΩǎPizza

Security

Know How!

Time to compute = slow

On Premise

Computers

Storage

Network

Facilities

Electricity

Connectivity

Scalable

Pizza Nova!

Security

Automation

Time to compute = 5 min

Compute as a Service

Computers

Storage

Network

Facilities

Electricity

Connectivity

Limited Scale

Costco

Security

Automation

Time to compute = faster

Private Cloud

Many Choices

Mass Storage

Network(s)

Facilities

Electricity

Global Connectivity

Ultrascaleable

Pizzeria

Security

Automation

Time to Compute

Public Cloud

Cost = $ Cost = $$ Cost = $$$ Cost = $$$$



(Drawing) Unifying Example
ƻŦ ό/ƭƻǳŘΣΧ ŀƴŘ ŀƭƭ ǘŜŎƘƴƻƭƻƎȅύ

Diagram
(IoT, 5G, Cloud, óBig Dataô, 

Machine Learning, 

Platform, and Ecosystem

é abstraction & automation) 



From Systems of Record ςOld IT

ÅWater heats slowly, and then it boils suddenly.
ÅRevenue Canada ςTax form evaluators

ÅTax Fraud

ÅCanadian Forces Supply System Upgrade
ÅRobotics Warehousing (1995)

ÅDatawire / First Data / Finstra
ÅPayment solutions (Internet)

ÅTransaction Transport & Security
ÅTransaction Fraud

ÅOnline Gambling
ÅRoyal Flush in Bristol (Twice)!
ÅComp Program ςCustomer Loyalty

ÅGame-bot

Å(industry shared) Customer Intelligence
ÅPoker Collusion ςFraud Analytics

ÅForensic Investigations

ÅPlatforms

ÅTechnopoly Inc.
ÅData stream analytics

Å Tax Return Fraud

ÅPoker Fraud

ÅPayment Solutions Fraud

Å Financial Fraud

ÅOnline Dating
ÅFebruary 14 Scale, Plenty of Fish, 

downsizing, Elasticity, Automation ĄCloud

ÅChat-bots
ÅPlatforms

ÅEloqua (Marketing Intelligence)
Å5ƛǎǊǳǇǘƛƻƴ ƻŦ έ{ŀƭŜǎέ ǇǊƻŎŜǎǎ



Systems of Engagement ςinvolving things

Å AutovisionWireless

Å Driver tracking, Geofencing

Å Internet of Things (IoT)

Å American Express

Å Credit Card Authorization processing 

Å General Electric (GE)

Å Jet Engines (aircrafts, power generation)

Å Dynamic Power Plant Procurement Software Design

Å Capacitor Manufacturing

Å CarTech- Ford
c-v2x ςVehicle to everything data over cellular

Å Silicon Valley

Å Cisco Systems ςDynamic Networks and Cyber-Security Systems

Å SensityςLighting, parking guidance, occupancy statistics)

Å Shot Stopper ( gun shot detection and triangulation )

Å Cruise Ship (Facial Recognition, passenger tracking)\

Å Remote mining (Private 5G) 

Å Law Enforcement --hƴƭƛƴŜ LƴǘŜƭƭƛƎŜƴŎŜ ŦƻǊ ά!ǎǎƻŎƛŀǘŜŘέ 
ǇŜǊǇŜǘǊŀǘƻǊǎέ ǎǳǇǇƻǊǘ ŦƻǊ tŀǘǊƻƭ ƻŦŦƛŎŜǊǎΦ

Å AgriTech

Å John Deere - Iowa

Å Intelligent Farming

Å Online Retail

Å Jtv.comςTV and Online jewelry sales

Å Capital Markets

Å From Bottlecaps ςSignal and Noise, and Signal in Noise

Å Investment Decision Making Intelligence

Å Walmart Parking Lots

Å Ship shadows

Å What investors find interesting

Å Kids, curiosity, learning

Å Tic-tac-toe ςa simple machine learning example.
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²Ƙŀǘ Ƙŀǎ ŎƘŀƴƎŜŘ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΣΧ

ÅMultiple generations

ÅBoomers ĄGenXĄMillennials ĄGenZ

ÅHierarchical ĄNetworked

ÅFrom Command ĄCollaboration

ÅCentralized ĄDistributed 
and Remote or hybrid.

ÅSynchronous Ą Asynchronous

ÅάCƻƭƭƻǿ-the-{ǳƴέ ōǳǎƛƴŜǎǎ

ÅOnline courses, assignments, learning

ÅStatic ĄDynamic

ÅGig economy

ÅDeep Working

ÅAccelerating pace of discovery, innovation and 
change

ÅBusiness Models are changing

ÅSubscription Model

ÅImplications for need for data guided decisions.

ÅLinear Ą Loopy and Emergent systems
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interdependent systems



The world is loopy!

Emergent systems
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Transformation
Muscle ĄMechanical Ą Steam Ą Electrical ĄDigital

ÅMarketing  has gone Digital

ÅManufacturing is going Digital

ÅSupply Chains are Digital

ÅGovernments going Digital!
ÅDigital Identity
ÅInternet Connectivity for citizens
ÅFrom systems of Record Ą systems of 

engagement

ÅCity infrastructure is going Digital 
Banking going Digital

ÅDigital Banking (Open Banking)

ÅTrust is going Digital
ÅDistributed Trust systems (Block-Chain), 

Ledgers

ÅHealth is going digital
ÅRecords
ÅResearch
ÅPrescriptions

ÅDating is largely Digital

ÅGambling is digital

ÅΧ

WHY?



Transformation
Muscle ĄMechanical Ą Steam Ą Electrical ĄDigital ĄNetworked Ą Intelligent Ą
Emergent

Major Themes
1. Data collection, analytics
2. Data guided decisions
3. Abstraction
4. Automation

https:// youtu.be/R5Gppi-O3a8



Iƻǿ Řƻ L ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ άǘƘŜ 5ƛƎƛǘŀƭέ ǿƻǊƭŘΚ



Iƻǿ Řƻ L ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ άǘƘŜ 5ƛƎƛǘŀƭέ ǿƻǊƭŘΚ

ÅPersonal Habits
ÅMake learning a hobby!

Å Comfortable with ambiguity
Å Embrace the Discomfortof Not 

Knowing
Å Distinguish Between 

Complicated and Complex
Å Let Go of Perfectionism
Å5ƻƴΩǘ Dƻ Lǘ !ƭƻƴŜ
Å Go as far as your eyes can see 

and you will see more.

ÅSystems Thinking
ÅaƻǾŜ ŦǊƻƳ άǘƘŜ ŘŀƴŎŜ ŦƭƻƻǊ ǘƻ 
ǘƘŜ ōŀƭŎƻƴȅέ ŦǊƻƳ ǘƛƳŜ ǘƻ ǘƛƳŜ

ÅCritical Thinking
Å (sort fact from fiction)

ÅCognitive Flexibility
Å Reflect and revise mental 

models from time to time.

ÅComputational Thinking

Å Analysis ςbreak it down into 
understandable chunks
and understand how they are 
related / connected.

Å Create your first algorithm (for 
scale)

ÅWrite at least one program 
(demystify computing for 
yourself ςit will help with 
anxiety).

ÅTeam-ship Habits
ÅCommunication, Collaboration 

skills
ÅFrom Truth finding to Value 

adding.
ÅBuilding Trust
ÅUnderstand people ςImprov!
ÅCǊƻƳ άōǳǘέ ĄάΧ ȅŜǎ ŀƴŘέ

ÅCareer Habits
Åüberden tellerrandschauen

ÅOlifantenpaden(desire paths)
ĄGoat Trails

ÅOikeiosis
ÅLead (and follow)
ÅRead people 

(Emotional Intelligence)

ÅEnterprise habits
ÅDo your Job (but not just your 

job)
ÅUnderstand the big picture
ÅLearn how money is being 

made.
ÅUnderstand your customer.
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Harvard CS-50 Fall 2021
Introduction to the intellectual enterprises of 
computer science and the art of programming. This 
course teaches students how to think 
algorithmically and solve problems efficiently. 
Topics include abstraction, algorithms, data 
structures, encapsulation, resource management, 
security, software engineering, and web 
programming. Languages include C, Python, and 
SQL plus HTML, CSS, and JavaScript. Problem sets 
inspired by the arts, humanities, social sciences, 
and sciences. Course culminates in a final project. 
Designed for concentrators and non-concentrators 
alike, with or without prior programming 
experience. Two thirds of CS50 students have 
never taken CS before.Among the overarching 
goals of this course are to inspire students to 
explore unfamiliar waters, without fear of failure, 
create an intensive, shared experience, accessible 
to all students, and build community among 
students.
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Education is something,Χ

you can only start ! 

Take on learning as a hobby
become an agile learner.



п /Ωǎ ƻŦ нмst Century Skills

o Change Mindset ςExpecting 
and adapting to a changing 
world.  

o Also known as a Growth 
Mindset (Carol Dweck)

o Curiosity

o Computational Thinking

o Community & Connection

o Confidence & Courage  (over 
Fear)

o Creativity
o Thinking outside the box

o Art
o Music
o Literature 

o Think in ways that others do not 
or cannot

o Necessary ingredient for 
Problem Solving

o Critical Thinking
o Characteristics

o Think for yourself
o Question what you hear or 

read
o Discover the truth for yourself

o !ǎƪ ά²Ƙȅέ
o Lifetime of thinking and learning 

independently
o Hone your decision-making 

skills

o Collaboration & Cooperation
o Working in a group
o Building rapport, understanding 

strengths and weaknesses, 
styles for creativity, 
communication, critical thinking

o Communication
o Convey ideas in an appropriate 

manner for the situation at 
hand.

o Ability to communicate for 
action - Minto

o Ability to tell a story

o Beyond writing skills, online 
media skills, presentations, 
multimedia, video conferencing, 
remote working

o Character

o Comedy (specifically Improv!)

o /ǊŜŀǘŜ ŀ Ǉƭŀƴ Χ  
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Computational Thinking:

a set of problem-solving methods that 
involve expressing problems and their 
solutions in ways that a computer 
could also execute.
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Challenges to Cognitive Flexibility

Å Memory

Å LŦ ȅƻǳΩǊŜ ǎƻƭǾƛƴƎ ŀ ǇǊƻōƭŜƳΣ ȅƻǳ ƳƛƎƘǘ ŎƘƻƻǎŜ ǘƘŜ ƻōǾƛƻǳǎ ǇŀǘƘ ƻǊ ȅƻǳ ƳƛƎƘǘ ǊŜŎŀƭƭ ŀ ǎƛƳƛƭŀǊ ŎƘŀƭƭŜƴƎŜ ŦǊƻƳ ȅƻǳǊ Ǉŀǎǘ ƻǊ ŀ 
story a friend told you about solving a similar challenge or something you saw in a film. The act of using a memory from a past 
to solve a current problemτƴƻǘ ōŜŎŀǳǎŜ ȅƻǳΩǾŜ ŜƴŎƻǳƴǘŜǊŜŘ ǘƘƛǎ ǇǊƻōƭŜƳ ōŜŦƻǊŜ ōǳǘ ōŜŎŀǳǎŜ ȅƻǳ ŀǊŜ ŀōƭŜ ǘƻ ƳŀƪŜ ŀ 
connection between this one and a different one (detect a pattern)τthis ability is at the heart of cognitive flexibility.

Å LǘΩǎ ǘƘŜ ǎŀƳŜ ǇǊƻŎŜǎǎ ƎƻƛƴƎ ƻƴ ǿƘŜƴ ȅƻǳ ƘŜŀǊ ǎƻƳŜƻƴŜΩǎ ǎǘƻǊȅ ŀƴŘ ȅƻǳ ǊŜǎǇƻƴŘ ǿƛǘƘ ȅƻǳǊ ƻǿƴΣ ǊŜŎƻƎƴƛȊƛƴƎ ŀ ǎƛƳƛƭŀǊ ǘƘŜƳŜΦ 
This is harder than it sounds. You might have a better, more relevant storyτōǳǘ ȅƻǳ ŎŀƴΩǘ ǊŜƳŜƳōŜǊ ƛǘ ŀǘ ǘƘŜ ƳƻƳŜƴǘΦ 
Improving your ability to remember it would be enhancing cognitive flexibility. As would improving your ability to recall 
ǊŜƭŜǾŀƴǘ ŦŀŎǘǎκǘƘƛƴƎǎ ȅƻǳΩǾŜ ǊŜŀŘ ǿƘŜƴ ǎƻƳŜƻƴŜ ōǊƛƴƎǎ ǳǇ ŀ ǎǇŜŎƛŦƛŎ ǘƻǇƛŎ ƛƴ ŎƻƴǾŜǊǎŀǘƛƻƴΦ

Å To think flexibly, you must be able to draw from multiple reserves of knowledge and memory to engage with a task or 
problem. You need an ability to reach deeply into the past and not just draw your immediate reserves, which requires a very 
good declarative memory.

Å Being able to see all possible relevant experiences or bites of knowledge at once and choose best response based on all of 
ǘƘƻǎŜΣ ōǳǘ Ƴƻǎǘ ƻŦ ǳǎ ŎŀƴΩǘ ǊŜŎŀƭƭ ŜƴƻǳƎƘ ƛƴ ǘƘŜ ƳƻƳŜƴǘΧƘƻǿ Řƻ ǿŜ ƛƳǇǊƻǾŜ ŀǘ ǘƘŀǘ ŦǳƴŎǘƛƻƴΚ

Å ά²Ŝ ǊŜƳŜƳōŜǊ ǘƘƛƴƎǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŜƛǘƘŜǊ ǎǘŀƴŘ ƻǳǘΣ ǘƘŜȅ ǊŜƭŀǘŜ ǘƻ ŀƴŘ Ŏŀƴ Ŝŀǎƛƭȅ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴ ƻǳǊ ŜȄƛǎǘƛƴƎ ƪƴƻǿƭŜŘƎŜ 
ōŀǎŜΣ ƻǊ ƛǘΩǎ ǎƻƳŜǘƘƛƴƎ ǿŜ ǊŜǘǊƛŜǾŜΣ ǊŜŎƻǳƴǘ ƻǊ ǳǎŜ ǊŜǇŜŀǘŜŘƭȅ ƻǾŜǊ ǘƛƳŜΣέ ŜȄǇƭŀƛƴǎ {Ŝŀƴ YŀƴƎΣ tƘ5Σ ŀǎǎƛǎǘŀƴǘ ǇǊƻŦŜǎǎƻǊ ƛƴ ǘƘe 
Department of Education at Dartmouth College.

Å Confirmation Bias

Å As we get older, we sometimes get fixed in our way of thinking and struggle to latch onto truly new ideas. We tend to shape 
them to match info we already know and therefore miss out on the really valuable part of learning.

Å Salience

Å ¢ƘŜǊŜΩǎ ŀƴ ŜƴǘƛǊŜ ǇŀǊǘ ƻŦ ǘƘŜ ōǊŀƛƴΣ ǘƘŜ {ŀƭƛŜƴŎŜ bŜǘǿƻǊƪΣ ŘŜǾƻǘŜŘ ǘƻ ƴƻǘƛŎƛƴƎ ǘƘƛƴƎǎ ǿƘƛŎƘ ǎǘŀƴŘ ƻǳǘ ƛƴ ƻǳǊ ŜƴǾƛǊƻƴƳŜƴǘΦ Lǘ 
requires cognitive flexibility to determine which of these things are worth paying attention to.

Å άhǳǊ ōǊŀƛƴ ƛǎ Ŏƻƴǎǘŀƴǘƭȅ ōƻƳōŀǊŘŜŘ ōȅ ǎŜƴǎƻǊȅ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀƴŘ ǿŜ ƘŀǾŜ ǘƻ ǎŎƻǊŜ ŀƭƭ ǘƘŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ǘŜǊƳǎ ƻŦ Ƙƻǿ 
ǇŜǊǎƻƴŀƭƭȅ ǊŜƭŜǾŀƴǘ ƛǘ ƛǎ ŦƻǊ ƎǳƛŘƛƴƎ ƻǳǊ ōŜƘŀǾƛƻǊΣέ ǎŀȅǎ ²ƛƭƭƛŀƳ {ŜŜƭŜȅΣ ŀ ƴŜǳǊƻƭƻƎƛǎǘ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀΣ {ŀƴ 
Francisco.

Å Myopia

Å ¸ƻǳ ƪƴƻǿ ǘƘŀǘ Ǉƻƛƴǘ ƛƴ ŀ ŎƻƴǾŜǊǎŀǘƛƻƴ ǿƘŜƴ ȅƻǳ ǎǘŀǊǘ ǘƘƛƴƪƛƴƎΣ ά¢Ƙƛǎ ƛǎ ōƻǊƛƴƎΣ ǎƳŀƭƭ ǘŀƭƪΣ ǘƘƛƴƎǎ ǿŜΩǾŜ ǎƻǊǘ ƻŦ ǘŀƭƪŜŘ ŀōƻǳǘ
ōŜŦƻǊŜέΚ /ƻƎƴƛǘƛǾŜ ŦƭŜȄƛōƛƭƛǘȅ ƛǎ ōŜƛƴƎ ŀōƭŜ ǘƻ ŦƭŜȄ ŀ ōǊŀƛƴ ƳǳǎŎƭŜ ŀƴŘ ǇǳǎƘ ǘƘŜ ŎǳǊǘŀƛƴǎ ŀǎƛŘŜ ŀƴŘ ƭƻƻƪ ƻǳǘ ǘƘŜ ǿƛƴŘƻǿ ǘƻǿŀǊd a
more interesting conversation topic. Many of us just stay in the mill pond or go farther down the rabbit hole rather than 
stepping back and trying to sway things in a more interesting direction. Most of us just go with the flow, which is fine. Buttrue 
ŎƻƎƴƛǘƛǾŜ ŦƭŜȄƛōƛƭƛǘȅ ǿƻǳƭŘ ōŜ ŘƛǊŜŎǘƛƴƎ ǘƘƛǎ Ŧƭƻǿ ƛƴ ŀ ǿŀȅ ǘƘŀǘΩǎ ǾŀƭǳŀōƭŜ ǘƻ ȅƻǳ ŀƴŘ ȅƻǳǊ ŦŜƭƭƻǿ ŎƻƴǾƻ ǇŀǊǘƛŎƛǇŀƴǘǎΦ ¢ƻ ōŜ able 
ǘƻ ƧǳŘƎŜ ǿƘŀǘ ȅƻǳ ƪƴƻǿ ǘƘŀǘ ŎƻǳƭŘ ōŜ Ƴƻǎǘ ǳǎŜŦǳƭ ǘƻ ǘƘŜ ǇŜƻǇƭŜ ȅƻǳΩǊŜ ǘŀƭƪƛƴƎ ǘƻ ƛƴ ǘƘŀǘ ƳƻƳŜƴǘτǘƘŀǘΩǎ ŎƻƎƴƛǘƛǾŜ ŦƭŜȄƛōƛƭƛǘȅΦ

Å Low latent inhibition

Å Latent inhibition is the name for the fact that it takes us longer to prescribe meaning to a familiar stimulus than to a new 
stimulus. For example, we may pass by the same houses on our street every day and prescribe little meaning to them unless 
our attention is drawn to them for a particular reason. This is normal, and allows our brain to ignore old information so it can
ŦƻŎǳǎ ƻƴ ƴŜǿ ƛƴŦƻǊƳŀǘƛƻƴΦ {ƻƳŜ ǇŜƻǇƭŜΣ ƘƻǿŜǾŜǊΣ ƘŀǾŜ ǿƘŀǘΩǎ ŎŀƭƭŜŘ ƭƻǿ ƭŀǘŜƴǘ ƛƴƘƛōƛǘƛƻƴΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŜȅ ƘŀǾŜ ŀ ƘŀǊŘŜǊ 
ǘƛƳŜ ǇƭŀŎƛƴƎ ǘƘƻǎŜ ƘƻǳǎŜǎ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ ƻŦ άƻƭŘ ƛƴŦƻǊƳŀǘƛƻƴέ ŀƴŘ ƳƻǾƛƴƎ ƻƴΦ LƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ŀǳǘƛǎƳ ōŜŎƻƳŜ Ŝŀǎƛƭȅ 
overwhelmed by stimuli that other people consider familiar. Poets, writers, and other artists also tend to get caught up in the 
details of things, which allows for greater creativity but also may sometimes prevent the brain from seeing the bigger picture 
or moving on.

Å Information bottleneck

Å {ƻƳŜǘƛƳŜǎ ƻǳǊ ŎƻƎƴƛǘƛǾŜ ŦƭŜȄƛōƛƭƛǘȅ ǎǳŦŦŜǊǎ ōŜŎŀǳǎŜ ǿŜΩǾŜ Ǝƻǘ ǎƻ ƳǳŎƘ ƻƴ ƻǳǊ ƳƛƴŘ ƻǊ ǎƻ ƳǳŎƘ ƛƴŦƻǊƳŀǘƛƻƴ ƻǊ ŜȄǇŜǊƛŜƴŎŜ 
stored in our knowledge reserve that a bottleneck occurs. Like cubes of ice blocking the flow of water out of a bottle, the 
ǇƻǎǎƛōƭŜ ǇƛŜŎŜǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ǿŜ ŎƻǳƭŘ ōǊƛƴƎ ǘƻ ŀ ǎƛǘǳŀǘƛƻƴ ƛǎ ǎƻ ƎǊŜŀǘ ǘƘŀǘ ƴƻǘƘƛƴƎ ŎƻƳŜǎ ǘƻ ƳƛƴŘ ŀǘ ŀƭƭΦ ²ŜΩƭƭ ƻŦŦŜǊ ŀ ŦŜǿ
ways to overcome this phenomenon in the next section.

Å Rigid thinking

Å wƛƎƛŘ ǘƘƛƴƪƛƴƎ ƛǎ ǘƘŜ ƻǇǇƻǎƛǘŜ ƻŦ ŎƻƎƴƛǘƛǾŜ ŦƭŜȄƛōƛƭƛǘȅΦ LǘΩǎ ǿƘŀǘ ŘŜŦƛƴŜǎ ƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎ ƭƛƪŜ ŘŜǇǊŜǎǎƛƻƴ ŀƴŘ ŀƴȄƛŜǘȅΥ ²Ŝ get
stuck in a loop of ruminationŀƴŘ ŎŀƴΩǘ ǎŜŜƳ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ǘƘƛƴƎǎ ŀ ŘƛŦŦŜǊŜƴǘ ǿŀȅΦ .ŜŎƻƳƛƴƎ ŀǿŀǊŜ ƻŦ ǘƘŜ ǇŀǘǘŜǊƴ ƻŦ ƻǳǊ ƻǿƴ 
thoughts is a huge step forward in seeing things from a new angle and feeling more positive about the world.

Å Reinforcement

Å Thinking is like walking: you leave a print wherever you go, and the path becomes increasingly well-trodden the more you go 
Řƻǿƴ ƛǘΦ bŜǳǊŀƭ ǇŀǘƘǿŀȅǎ ŀǊŜ ǘƘŜ ǎŀƳŜ ǿŀȅΦ hǳǊ ōǊŀƛƴ ǊŜƳŜƳōŜǊǎ ǿƘŀǘ ǿŜ ǊŜƛƴŦƻǊŎŜ ƛƴ ƻǳǊ ƴŜǳǊŀƭ ǇŀǘƘǿŀȅǎΣ ǎƻ ƛŦ ǿŜΩǊŜ ǳǎƛƴƎ 
ǘƘŜ ǎŀƳŜ ŦŀŎǘǎ ƻǊ ǘŜƭƭƛƴƎ ǘƘŜ ǎŀƳŜ ǎǘƻǊƛŜǎ ŀƭƭ ǘƘŜ ǘƛƳŜΣ ǿŜΩǊŜ ōǊŀƴŘƛƴƎ ƻǳǊ ƴŜǳǊŀƭ ǇŀǘƘǿŀȅǎ ǿƛǘƘ ǘƘŜƳΣ ǿƘƛŎƘ ƳŜŀƴǎ ǿŜ Ƴŀȅ 
end up repeating the same story to the same person and responding with less cognitive flexibility to situations and tasks.

https://www.nature.com/articles/nrn.2017.45


How to Improve Cognitive Flexibility?

Å How to Improve Cognitive Flexibility?

Å 1. Pay attention to your thoughts

Å ²ƘŜǊŜ ŘƻŜǎ ȅƻǳǊ ƳƛƴŘ Ǝƻ όƻǊ ƴƻǘ Ǝƻύ ǿƘŜƴ ȅƻǳΩǊŜ ŎŀƭƭŜŘ ǳǇƻƴ ǘƻ ǎƘŀǊŜ ƪƴƻǿƭŜŘƎŜ ƻǊ ŜȄǇŜǊƛŜƴŎŜΚ

Å 2. Be intentional

Å Ask yourself some questions: What do you want to know? What do you want to talk about?

Å 3. Create categories

Å Create mental categories for information and situations ahead of time so that you can more easily 
organize your experience. While reading the news, place article headlines into mental categories 
such as Environment, Politics, Arts, etc. so that you can easily pull up the information later on.

Å 4. Align encoding and retrieval cues

Å ¢Ƙƛƴƪ ŀōƻǳǘ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ƛƴŦƻΣ ǿƘƛŎƘ ŎƻƴǘŜȄǘ ȅƻǳΩƭƭ ŀǇǇƭȅ ƛǘ ǘƻΣ ŀƴŘ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ 
ȅƻǳ ǊŜƳŜƳōŜǊ ƛǘ ǿƘŜƴ ȅƻǳ ƴŜŜŘ ƛǘΦ άbǳƳōŜǊ ƻƴŜ ǊŜŀǎƻƴ ǿƘȅ ǎǘŀǊǘ-ǳǇǎ Ŧŀƛƭ ƛǎƴΩǘ ŎŀǎƘ Ŧƭƻǿ ōǳǘ ŦŀŎǘ 
ǘƘŀǘ ǇŜƻǇƭŜ ŘƻƴΩǘ ǿŀƴǘ ǘƘŜ ǇǊƻŘǳŎǘΦέ

Å 5. Record your experience

Å Do a brain dump. Research says that if we unload our worriesit frees up more space in our brain 
to think of other things throughout the day, therefore promoting greater flexibility.

Å сΦ άLŦ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ƛǘΣ ȅƻǳΩƭƭ ǊŜƳŜƳōŜǊ ƛǘΦέ

Å ! ŦǊƛŜƴŘ ǘƻƭŘ ƳŜ ǘƘƛǎ ƻƴŜ ǊŜŎŜƴǘƭȅ ŀƴŘ L ǘƘƛƴƪ ǘƘŜǊŜΩǎ ŀ ƭƻǘ ƻŦ ǘǊǳǘƘ ǘƻ ƛǘΦ hŦǘŜƴǘƛƳŜǎ ǿŜ ƘŀǾŜ 
ǘǊƻǳōƭŜ ǊŜŎŀƭƭƛƴƎ ŎƻƴŎŜǇǘǎ ōŜŎŀǳǎŜ ǿŜ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƳ ŀǎ ǿŜƭƭ ŀǎ ǿŜ ǘƘƻǳƎƘǘ ǿŜ ŘƛŘΦ

Å 7. Physical exercise

Å After only twenty minutes of intensive exercise, your brain releases dopamine, serotonin, opioids, 
endorphins, neurotrophics, and endocannabinoidsτfeel-good chemicals that allow the body and 
brain to learn and grow. For evolutionary reasons, the body is primed to learn while exercising. 

Exercise also enhances focus and lowers anxiety. Over time, it stabilizes mood, increases the size 
of the hippocampus, and promotes neurogenesis. All of these things enhance cognitive flexibility.

Å 8. Learn new skills

Å Learning new skills promotes mental flexibility. Try picking up a musical instrument, a new foreign 
language, or learning a new game.

Å 9. Shake up your routine

Å To keep the mind sharp and flexible, introduce new things into your routine. New stimuli promote 
mental flexibility because they force your brain to adapt quickly. Travel is great for this, but you 
Ŏŀƴ ŀƭǎƻ ǎƛƳǇƭȅ ǘŀƪŜ ŀ ƴŜǿ ǊƻǳǘŜ ƘƻƳŜ ŦǊƻƳ ǿƻǊƪ ƻǊ Ǝƻ ŦƻǊ ŀ ǿŀƭƪ ƛƴ ŀ ƴŜƛƎƘōƻǊƘƻƻŘ ȅƻǳ ƘŀǾŜƴΩǘ 
explored before. Occasionally surrounding yourself with people who are unlike you is also a good 
way to push your brain into making new connections.

Å 10. Cultivate humor

Å Quick-ǿƛǘǘŜŘƴŜǎǎ ƛǎ ŀ ǎƛƎƴ ƻŦ ŎƻƎƴƛǘƛǾŜ ŦƭŜȄƛōƛƭƛǘȅΦ ²ƘŜƴ ǿŜ ƳŀƪŜ ŀ ƧƻƪŜΣ ƛǘ ƳŜŀƴǎ ǿŜΩǊŜ ŀōƭŜ ǘƻ 
step back and see the bigger picture rather than getting caught up in the literal meaning of the 
situation. Finding the humor in a variety of situations is an exercise in flexible thinking.

https://www.opencolleges.edu.au/informed/features/worry-much-brain-scientists-say-expressive-writing-can-help/

