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Moments
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Primary School

K3-K6

Novice Learners at Different Stages

High School

K6-K12
Undergrad

Tertiary level
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Dropped-Out 
After Starting CS Degree

~30-50% Students
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Schefer-Wenzl, Sigrid, et al. "A study on reasons for student dropouts in a computer science bachelor’s degree program." 

International Conference on Interactive Collaborative Learning. Cham: Springer Nature Switzerland, 2023.



Students are employable

5-10%
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Student

Learning 
Challenges

Teacher

Instructional Design
Challenges

GAP



Understanding the 
Sequential Execution

GAP
Teacher Student



Step-by-Step 
Execution
(With Watches)

Dry Run

Sequential Execution

Program Debugger On Paper
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Sequential Execution
Step-by-Step

Execution

Dry Run



Seeing is Believing



Control Structures 
Difficulties

GAP
Teacher Student



Control Structures Difficulties
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• If Statement
• If else statement
• switch statement

and  &&
or     ||
not   !

Control Structures Compound Statements



Compound Conditions
You have a balance in PKR. You got a visa for India, Iran, and the US. What will be your balance 

in these countries ?
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Compound Conditions
You have a balance in PKR. You got a visa for India, Iran, and the US. What will be your balance 

in these countries ?



Control Structures Difficulties
(Discovering loop structure)

GAP
Teacher Student



Finding maximum of 5 numbers

Approach 1
5 ifs - 5 condition per if



Finding maximum of 5 numbers

Approach 2
5 ifs - decreasing conditions per if



Finding maximum of 5 numbers

Approach 3
Remembering the maximum



Finding maximum of 5 numbers

Approach 4
Reusing the variable



Finding maximum of 5 numbers

Approach 4
Reusing the variable



Finding maximum of 5 numbers

Approach 5
Using for loop



Nested Control Structures 

Teacher Student
GAP



Nested Control Structures 
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• if { if {...} }

• if { if {...} else if{...} }

• if { for{...} }

• for { if{...} }

• for { for{...} }

• for { while {...} }

Assuming all variations is unreasonable



Nested Control Structures 
(Lets see one Example)

GAP
Teacher Student



Nested Control Structures

Composite Number

N is composite if it is divided by any number between 2 and N − 1.



Nested Control Structures
N is prime if it is not divided by any number between 2 and N − 1.

Prime Number



Nested Control Structures
N is prime if it is not divided by any number between 2 and N − 1.

Prime Number

Looking for a 

Counter Example

So Why This now?



There exists vs For All:

• There exists leads to a proof search

• For All leads to a counter example search
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Another Challenge - Interpretation
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Another Challenge - Testing

Lets test this code for N={2,3,4,5,6,7,8,9}
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Another Challenge - Testing

Why Hackerrank-like automated 

checking should be Introduced?? 



Reframing Programming Pedagogy Understanding challenges novices face and how Teaching Must Change ~ Sarfraz Raza

• Functions

• Single-Dimensional Arrays

• Pointers

• Dynamic Memory Allocations

• Multidimensional Arrays and their several traversals

• Structures

• ...

An urgency to look into the details.

Difficulties At every level 



Single-Dimensional Arrays

Miro Concepts  Map



What is the objective of 
Programming Fundamentals?

Learn to build Step by Step Bigger 

Projects

Examples: 

1. Gomoku 

2.Game of Life 

3.Snakes and Ladders 

4.Nokia Snake 

5.Chess (Now expect them to do Chess)
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What is the objective of 
Programming Fundamentals?

Learn to build Step by Step Bigger 

Projects

Examples: 

1. Gomoku 

2.Game of Life 

3.Snakes and Ladders 

4.Nokia Snake 

5.Chess (Now expect them to do Chess)

“Unfair to assess ,

DIVIDE and CONQUER, 

without a walkthrough!
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One-way teaching 

DOES NOT work for ALL?
(from undergrad to high-school)
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Pattern Printing 

Undergrad Students process this very 

easily
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Pattern Printing 

Undergrad Students process this very 

easily
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• Undergrads grasp it once they see it's just pattern-finding per line.

Pattern Printing 

Undergrad Students process this very 

easily
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First, look at how the pattern is starting:

Pattern Printing High-School 

Students
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First, look at how the pattern is starting:

• ‘-’ is starting from H-1

• ‘*’ is starting from 1

Pattern Printing High-School 

Students
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First, look at how the pattern is starting:

• ‘-’ is starting from H-1

• ‘*’ is starting from 1

Just look at the change now

Pattern Printing High-School 

Students
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First, look at how the pattern is starting:

• ‘-’ is starting from H-1

• ‘*’ is starting from 1

Just look at the change now

• ‘-’ is decrementing: by -1

• ‘*’ is incrementing: by +2

Pattern Printing High-School 

Students
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First, look at how the pattern is starting:

• ‘-’ is starting from H-1

• ‘*’ is starting from 1

Just look at the change now

• ‘-’ is decrementing: by -1

• ‘*’ is incrementing: by +2

Pattern Printing High-School 

Students



Primary School (K2-K5) 

Student

Here comes a daunting but 

beautiful         challenge
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Number Line and Addition
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Number Line and Subtraction
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X - Axis (going beyond 0) 
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Introducing Y Axis 
(and seeing its +ve and -ve notions)



Understanding Angles 

and Turns





Turtle Graphics meets Algorithms





Good 
Practices 

for 
Teachers
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Thank You



Connect with us

sarfraz.raza@gmail.co

mwww.seedprogramming.or

g

SarfrazRaza @SarfrazRazaOfficial
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