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COMPUTATIONAL 
THINKING: HOW TO TEACH?

HOW WE TEACH 
COMPUTATIONAL THINKING?



Session Outline

Introduction (830 -9am) CT TeachingStrategies 
(2-3pm)

What we learn (3-330pm) 

Incorporating CT into the Classroom (1030am-1pm)
 Educational Robotics (ER)
 CTER for Undergraduate
 CTER for School
 Demo 2
 Activity 3
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 Computing Education (CE)
 Computational Thinking (CT)
 Activity 1  Teaching CT Online 

 Demo 3
 Adaptive Learning 

Approach

 New Project
 Learn
 Challenges

Teaching CT (9 – 10am)
 From CE to CT
 Teaching CT Trends
 Demo 1
 Activity 2
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Session 1
Introduction

Computational Thinking: How to Teach?



Fourth Industrial Revolution (4IR)

• we are now on the 
fourth industrial 
revolution (4IR), 
the improvement on 
quality of life is a 
promise. 

• with the 4IR 
transforming all 
aspects of human 
lives including job
and education



4IR Emerging Technologies

• It is forecasted that huge demand on 
skills and knowledge for these 
enabling technologies will be needed. 

• Specifically on development of 
technologies. 
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https://innovate.ieee.org/innovation-spotlight-ieee-fueling-fourth-industrial-revolution/



4IR - Change the Way we 
Teach
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Impact : 

https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/

https://medium.com/predict/how-a-new-world-view-will-emerge-from-ai-robotics-and-4ir-4c6755680736







Why Computing?
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https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/

https://medium.com/predict/how-a-new-world-view-will-emerge-from-ai-robotics-and-4ir-4c6755680736




Computing at School
• 4IR change the way we teach
• Computing@school - to be 

exposed since school in 
preparing children and youth 
for future. 

COMPUTING
EDUCATION (CE)
Teaching how to teach
machines

CHANGE IN CE?
The changes on computing
education syllabus and
supporting tool

CHANGE IN SCHOOL 
EDUCATION?

Need to develop higher-order
thinking skill since childhood

MORE EXPERTISE
Need high number in

expertise on the field to
teach others



Computing at School

https://community.computingatschool.org.uk/

https://microbit.org/

BBC partnership with 
Microsoft and other 
companies

https://code.org/

Code.org is supported by 
generous donors 
including Microsoft, 
Amazon, Google and 
many others.
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Computing at School
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Computing Education
• CE Is Not the Same as Engineering 

Education (Mark Guzdial, 2021) 
Communication ACM

 CE - Learning Engineering is not always 
about becoming an Engineer 

 CE is about more than transmitting 
knowledge, but it’s less about promoting 
professional identity. 



Computing BOK

CE=computer engineering; CS=computer science; CSEC=cybersecurity;
IS=information systems; IT=information technology; SE=software engineering; 
DS=data science



What is software engineering

Challenges facing software engineering education (SEE)1. Revise the curricula to address 
current needs

2. Find ways to reach the 
practitioners who entering the 
field in ad hoc ways to provide 
education for career path

3. Work with educators in other 
fields – End-user SE 

4. Infuse engineering attitudes and 
techniques in all UG computing 
students

5. Incorporate social, ethical & policy
implications of computing 
technologies in curriculum

Nancy R. Mead, David Garlan, Mary Shaw, Half a Century of Software Engineering Education: The CMU 
Exemplar

“Software engineering is considered an interdisciplinary engineering 
approach that draws from a few different branches of engineering.” 
(Marcus Smith, 2022)



(Ministry of Malaysia Education, 2017)

• SKPG a graduate detector review system to analyse the status job of the
graduates either they are working, furthering studies or actively seeking
employment.

• 88 programmes claimed as a computing programme
• 75 computing programmes are actually followed the computing

disciplines

2%

22%

4%

57%

15%

IT [19]

SE [4]

CS [50]

IS [2]

Non-Computing
[13]

• CE have been crucial as 
we are in the 
computational world and 
facing 4IR

• Non-computing 
programmes also have 
applied computing  in 
the courses

CE in Higher Education
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Computing education is implemented since school to progress the children to the higher levels of study and professional career. 




CE in Higher Education

4IR era: computing NOT for only engineering, science, and 
computing students

COMPUTING 
EDUCATION 

FOR NON-
ENGINEERIN

G FIELD

Business & 
Economy

01

0203

04

Art 
create music and visual art 
through programming

Solve problem through 
programming

Accounting and 
FInance

deal with computational 
problems and develop 
solutions

Education
Applied Computing , 
technology in education 

(Ben Pokross, 2015)

(Xue et al, 2016)

(the university of Buckingham)

( Ukessays)
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Computing education is implemented since school to progress the children to the higher levels of study and professional career. 




• processes involved in 
formulating problems and 
their solutions

• in a form that can be 
effectively carried out by 
any processing agent: whether 
human, computer, or a 
combination of both.

• fundamental skill to be used by 
many professions

Computational Thinking (CT) 

https://digitalpromise.org/initiative/computational-
thinking/computational-thinking-for-next-generation-science/what-is-
computational-thinking/



(#MydigitalMaker)

Examples: Integrating CT in School Curriculum

KS1 : 
Understand 
the concept 

of 
algorithms

KS2: Apply 
Logical 

Reasoning 
in solve 
problem

KS3: 
Evaluation 

CT 
Technology

KS4: 
capability, 

creativity and 
knowledge 

Development

(Schools, National Curriculum England)

Understand 
Basic 

Concept of 
CT 

Apply the 
CT concept 

to solve 
simple 

problem

Apply the CT 
concept in 

solving 
programmin

g task

Form 4Form 1Year 1 

General

CT at School
Example: Integrating 
CT as Extracurricular 

Activity 
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Mydigitalmaker : http://english.astroawani.com/malaysia-news/computational-thinking-computer-science-be-taught-school-next-year-113690
“Objective of Computational Thinking (CT) & Computer Science (CS) Teaching Certificate Program is to give teachers recognition of teaching competence for the new revised ICT Standard Curriculum for Primary School (KSSR) and Standard Curriculum for Secondary School (KSSM) which begin implementation in 2017 for Year 1, Form 1 (Asas Sains Komputer) and Form 4 (Sains Komputer)”

http://english.astroawani.com/malaysia-news/computational-thinking-computer-science-be-taught-school-next-year-113690





National Curriculum England 

Key stage 1
Pupils should be taught to:
understand what algorithms are, how they are implemented as programs on digital devices, and that programs execute by following precise and unambiguous instructions
create and debug simple programs
use logical reasoning to predict the behaviour of simple programs
use technology purposefully to create, organise, store, manipulate and retrieve digital content
recognise common uses of information technology beyond school
use technology safely and respectfully, keeping personal information private; identify where to go for help and support when they have concerns about content or contact on the internet or other online technologies
Key stage 2
Pupils should be taught to:
design, write and debug programs that accomplish specific goals, including controlling or simulating physical systems; solve problems by decomposing them into smaller parts
use sequence, selection, and repetition in programs; work with variables and various forms of input and output
use logical reasoning to explain how some simple algorithms work and to detect and correct errors in algorithms and programs
understand computer networks, including the internet; how they can provide multiple services, such as the World Wide Web, and the opportunities they offer for communication and collaboration
use search technologies effectively, appreciate how results are selected and ranked, and be discerning in evaluating digital content
select, use and combine a variety of software (including internet services) on a range of digital devices to design and create a range of programs, systems and content that accomplish given goals, including collecting, analysing, evaluating and presenting data and information
use technology safely, respectfully and responsibly; recognise acceptable/unacceptable behaviour; identify a range of ways to report concerns about content and contact
Key stage 3
Pupils should be taught to:
design, use and evaluate computational abstractions that model the state and behaviour of real-world problems and physical systems
understand several key algorithms that reflect computational thinking [for example, ones for sorting and searching]; use logical reasoning to compare the utility of alternative algorithms for the same problem
use 2 or more programming languages, at least one of which is textual, to solve a variety of computational problems; make appropriate use of data structures [for example, lists, tables or arrays]; design and develop modular programs that use procedures or functions
understand simple Boolean logic [for example, AND, OR and NOT] and some of its uses in circuits and programming; understand how numbers can be represented in binary, and be able to carry out simple operations on binary numbers [for example, binary addition, and conversion between binary and decimal]
understand the hardware and software components that make up computer systems, and how they communicate with one another and with other systems
understand how instructions are stored and executed within a computer system; understand how data of various types (including text, sounds and pictures) can be represented and manipulated digitally, in the form of binary digits
undertake creative projects that involve selecting, using, and combining multiple applications, preferably across a range of devices, to achieve challenging goals, including collecting and analysing data and meeting the needs of known users
create, reuse, revise and repurpose digital artefacts for a given audience, with attention to trustworthiness, design and usability
understand a range of ways to use technology safely, respectfully, responsibly and securely, including protecting their online identity and privacy; recognise inappropriate content, contact and conduct, and know how to report concerns
Key stage 4
All pupils must have the opportunity to study aspects of information technology and computer science at sufficient depth to allow them to progress to higher levels of study or to a professional career.
All pupils should be taught to:
develop their capability, creativity and knowledge in computer science, digital media and information technology
develop and apply their analytic, problem-solving, design, and computational thinking skills
understand how changes in technology affect safety, including new ways to protect their online privacy and identity, and how to report a range of concerns




Bubble Map for CT Papers Based on Subjects
18

1

2

3

Math 
(Snodgrass et al., 2016) combined 
Mathematics and scratch to show pupils how 
to measure time

Biology 
(Libeskind-Hadas and Bush, 2013) proposed a Bio-
Comp prototype to help students solve problems in 
biology through CT and logic programming

English(Homer et al., 2014) used a digital 
storybook with integrated games to 
facilitate the development of L1 English 
literacy 

• CT not just applicable in computer & technology field but in a range of subject 
areas such as art, mathematics and many more (Barr & Stephenson, 2011).

CT in variety of subjects



• a strategy for solving 
problem in computing

CT Core Concepts 

Some CT core concepts 

Abstraction

Decomposition

Pattern 
Recognition

Algorithmic
Testing and 
Debugging

Evaluation

Data 
Organization

Parallelism

Problem 
Analysis

Data 
Automation

Presenter
Presentation Notes
in a form that can be effectively carried out by any processing agent: 
human
computer
or a combination of both




Literature Review CT Core Concepts  
Kao and Hsu 

(2019)

Gonzalez and 
Murioz-Repiso 

(2018)

Romero et 
al (2017)

Duncan et 
al (2017)

Kalelioglu et 
al (2016)

Angeli et 
al (2016)

Repenning et 
al (2016)

Bers et al
(2014)

Grover and
Pea (2013)

Seiter and
Foreman (2013)

Selby and
Wollard (2013)

Abstraction . . . . . . . . .
Decomposition . . . . . . . . .

Algorithm . . . . . . . . . .
Pattern . . . .
Logical 

Reasoning . .
Evaluation . . .
Simulation .

Problem Analysis .
Parralelisation . . .

Testing & 
Debugging . . . .

Control Structure . .
Data . . .

Automation . .
Generalization . . .

SS K HE HE HE SS HE K HE HE HE

HE – Higher Education, SS – Secondary School, PS – Primary School  K – Kindergarten 

• There are concepts that suitable for teaching higher
education and there are also concepts can be learned by all
level including pre-school/kindergarten level, primary and
secondary school level.

• The age factor of the learners which give impact on the
ability to think in solving problem (Atmatzidao and
Demetriadis, 2016).



Activity 1

What are the CT concepts can be presented in your course?

Upload your answer through Padlet; 
Link : 
https://padlet.com/nnazihah27/7ows2
u306xu0hzan

QR Code:

https://padlet.com/nnazihah27/7ows2u306xu0hzan
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