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What is Computer Science? 

 It is not about computers 

♦Building computers 

♦Fixing hardware problems 

♦Installing software (windows, office…) 

♦Using applications (word, excell, 
powerpoint) 

 The computer is just a device 

(…Dijkstra: like calling surgery “knife science”) 
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What is Computer Science? 
 

CS is a scientific discipline 

 

Rooted in mathematical logic 

 

The science of problems 
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What is Computer Science? 

Computer science is about problems 

  Finding algorithmic solutions to problems of 
various kinds, from various domains 

♦  Genetics (DNA analysis – pattern matching) 

♦  Communication (fault-resilient decisions – 
distributed computation) 

♦  Transportation (scheduling, traffic, …. – 
queueing theory ) 

♦  Education (adaptive learning systems – big 
data, AI) 
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What is Computer Science? 

Computer science is about problems 

  Finding algorithmic solutions to problems of 
various kinds, from various domains 

♦  Commerce (secrecy – cryptography) 

♦  Crime investigation (facial recognition – image 

processing) 

♦  Photography (cutting background – image 

processing) 

♦  Road traffic safety (preventing lane crossing – 

image processing, computational geometry) 
…. 
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What is Computer Science? 

Computer science is about problems 

  Finding algorithmic solutions to problems of 
various kinds, from various domains 

♦  Using various problem-solving paradigms 

■ Procedural 

■ Object oriented 

■ Functional 

■ Logic 

■ Event driven 

■ Scenario based 
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What is Computer Science? 

Computer science is about problems 

  Finding algorithmic solutions to problems of 
various kinds, from various domains 

  Proving the correctness of algorithmic 
solutions 

♦  for any possible input 
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What is Computer Science? 

Computer science is about problems 

  Finding algorithmic solutions to problems of 
various kinds, from various domains 

  Proving the correctness of algorithmic 
solutions 

  Analyzing the complexity of algorithmic 
solutions 
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What is Computer Science? 

Computer science is about problems 

  Analyzing attributes of problems 

♦  Solvability (computability) 

♦  Difficulty (complexity) 

■  Time 

■  Memory 

♦Tractability 
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What is Computer Science? 
♦ Programming  CS 

■ programming = implementing a 
solution on an executable machine 
(a computer) 
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The arching theme of  

fundamental ideas  

(Bruner 1960; Schwill, 1994) 
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Fundamental Ideas 

 The horizontal criterion (wide applicability, 
in multiple ways and various contexts 

 The vertical criterion (different intellectual 
levels) 

 The criterion of time (historical 
development) 

 The criterion of sense (related to 
everyday language and thinking 
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CS Fundamental Ideas 

 define the essence of the discipline of CS 

 are a teaching and learning challenge 

 are a research challenge 
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Spotlight on abstraction 

A long recognized and very appreciated 
fundamental idea of CS 

 Ignoring irrelevant details  

 Generalization 

 Levels of meaning 

 Levels of magnitude 
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Abstraction: 
 generalization 
 Finding solutions to problems 

♦One solution for all possible cases 

 Translating a “solution” to a general form 

♦Long multiplication 

 Programming 

♦General statements 

■ number  read (x) 

■ while index < lim do index index+1 
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Abstraction: 
 generalization 
 Finding solutions to problems 

♦One solution for all possible cases 

 Translating a “solution” to a general form 

♦Long multiplication 

 Programming 

♦General statements 

♦General lingual entities 

■ <variable>  <value> number  read (x) 

■ if <boolExp> then <statement1> else 
<statement2> 
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Abstraction:  
 levels of magnitude 
 Machine Languages 

♦ very detailed and primitive operations 

♦ on memory bits 

♦ containing 0s and 1s 
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Abstraction:  
 levels of magnitude 
 Machine Languages 

♦ very detailed and primitive operations 

♦ on memory bits 

♦ containing 0s and 1s 

 Assembly languages 

♦ detailed low-level operations  

♦ on memory bites and words 

♦ containing hexa-decimal values 
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Abstraction:  
 levels of magnitude 
 Machine Languages 

♦ very detailed and primitive operations 

♦ on memory bits 

♦ containing 0s and 1s 

 Assembly languages 

♦ detailed low-level operations  

♦ on memory bites and words 

♦ containing hexa-decimal values 

 High-level languages 

♦ natural-language-like sentences 

♦ operating on abstract data entities 

The higher the level, the more abstract the 
operations and the data entities. 
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Abstraction: 
 levels of meaning 
 

 "[T]his oscillation between “the representation” and 
“what it stands for” is an intrinsic part of the 
programmer’s game” (Dijkstra, 1975) 

 "[C]omputer scientists … must create abstractions of 
real-world problems that can be represented and 
manipulated inside a computer“ (Aho & Ullman, 1992) 

 

what how 
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Abstraction: 
 levels of meaning 
 

 "[T]his oscillation between “the representation” and 
“what it stands for” is an intrinsic part of the 
programmer’s game” (Dijkstra, 1975) 

 "[C]omputer scientists … must create abstractions of 
real-world problems that can be represented and 
manipulated inside a computer“ (Aho & Ullman, 1992) 

  

 what how 

problem solution 
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Abstraction: 
 levels of meaning 

The problem: Sorting a list of numbers 

Solution: bubbleSort (A: list of sortable items)  

  n = length(A)  

  repeat  

    swapped = false  

    for i = 1 to n-1 do  

      if A[i-1] > A[i] then 

         swap(A[i-1], A[i])  

         swapped = true  

  until not swapped 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 

 

 

bubbleSort (A: list of sortable items)  

  n = length(A)  

  repeat  

    swapped = false  

    for i = 1 to n-1 do  

      if A[i-1] > A[i] then 

         swap(A[i-1], A[i])  

         swapped = true  

until not swapped 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 
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bubbleSort (A: list of 

sortable items)  

  n = length(A)  

  repeat  

    swapped = false  

    for i = 1 to n-1 do  

      if A[i-1] > A[i] then 

         swap(A[i-1], A[i])  

         swapped = true  

until not swapped 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 

 

 

Sort a list of 

sortable items 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 

 

 

mergeSort (A: list of sortable 

items) 

    n = length of A 

    if n ≤ 1 then 

       return A 

    left = left half of A 

    right = right half of A 

    left = mergeSort (left) 

    right = mergeRort (right) 

    return merge (left, right) 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 
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bubbleSort (A: list of 

sortable items)  

  n = length(A)  

  repeat  

    swapped = false  

    for i = 1 to n-1 do  

      if A[i-1] > A[i] then 

         swap(A[i-1], A[i])  

         swapped = true  

until not swapped 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 

 

 

Sort a list of 

sortable items 

Michal Armoni – Department of Science Teaching, Weizmann Institute of Science 30 

Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 

 

 

bubbleSort (A: list of sortable items)  

  n = length(A)  

  repeat  

    swapped = false  

    for i = 1 to n-1 do  

      if A[i-1] > A[i] then 

         swap(A[i-1], A[i])  

         swapped = true  

until not swapped 
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Abstraction: 
 levels of meaning 

The problem: Finding the median 

Solution: 
findMedian (A: a list of sortable items) 

  n = length (A) 

  sort the list A 

  if n is odd 

return A[(n+1)/2] 

  if n is even 

return the average of A[n/2] and A[n/2+1] 
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Abstraction: 
 levels of abstraction 
Moving freely and consciously between 
levels of abstraction 
 "[T]his oscillation between “the representation” and 

“what it stands for” is an intrinsic part of the 
programmer’s game” (Dijkstra, 1975) 

 Thinking like a computer scientist […] requires 
thinking in multiple levels of abstraction.“ (Wing, 
2006) 

 "they [natural computer scientists] are individuals 
who can rapidly change levels of abstraction, 
simultaneously seeing things “in the large” and “in 
the small”" (Knuth, in Hartmanis, 1994) 
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Abstraction:  
 levels of meaning 

 Machine Languages 

 Assembly languages 

 High-level languages 

points  points + 3 
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Abstraction:  
 levels of meaning 

 Machine Languages 

 Assembly languages 

mov (points, points1) 

add (points, points2) 

 High-level languages 

points  points1+ points2 
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Abstraction:  
 levels of meaning 

 Machine Languages 

… 

 Assembly languages 

mov (points, points2) 

add (points, points3) 

 High-level languages 

points  points1+ points2 
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Abstraction: 
 the essence of computing 
Teaching abstraction to young students 
(David Statter) 

 Middle school 

 CS ideas and concepts 

 Using the Scratch environment 

 Based on a framework for teaching 
abstraction in CS to novices (Armoni, 2013) 
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Four levels of abstraction for the 
concept of an algorithm [Perrenet, 
Jacob, Kaasenbrood 2005 ] 
4. The problem level 

3.  The algorithm (object) level 

2.  The program (process) level  

1.  The execution level 
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Framework for teaching 
abstraction to novices (2013) 

 Order from high to low 

♦ Problem 
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Framework for teaching 
abstraction to novices (2013) 

 Order from high to low  

♦ Problem  solution 
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Framework for teaching 
abstraction to novices (2013) 

 Order from high to low 

♦ Problem  solution  program 
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Framework for teaching 
abstraction to novices (2013) 

 Order from high to low 

♦ Problem  solution  program  execution 
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Framework for teaching 
abstraction to novices (2013) 

 Order from high to low 

♦ Problem  solution  program  execution 

 Climb up as necessary 

♦ “Something does not work!!” 

♦ “Let’s go back to our solution and see 
what’s wrong” 
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Framework for teaching 
abstraction to novices (2013) 

Be persistent and precise 

♦ Level 4: (“let us first examine the 
problem”…) 
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Framework for teaching 
abstraction to novices (2013) 

Be persistent and precise 
♦ Level 4: (“let us first examine the problem”…) 

♦ Level 3: (“now we go back to think 
about the verbal description”) 
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Framework for teaching 
abstraction to novices (2013) 

Be persistent and precise 
♦  Level 4: (“let us first examine the problem”…) 

♦  Level 3: (“now we go back to think about the 
verbal description”) 

♦ Level 2: (“So now that we have the 
solution, how do we implement this 
solution in Scratch?”)  
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Framework for teaching 
abstraction to novices (2013) 

Be persistent and precise 
♦ Level 4: (“let us first examine the problem”…) 

♦  Level 3: (“now we go back to think about the 
verbal description”) 

♦  Level 2: (“So now that we have the solution, 
how do we implement this solution in 
Scratch?”) 

♦ Level 1: (“let us see what happens 
when we execute this project now”) 
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Framework for teaching 
abstraction to novices (2013) 

 Use linguistic components for 
differentiating the levels  

♦Level 2: Scratch words  

■ broadcast  

♦Level 3: Natural language 

■ inform  
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Framework for teaching 
abstraction to novices (2013) 

 Use linguistic components for 
differentiating the levels  

♦Level 2: Scratch words  

■ forever 

♦Level 3: Natural language 

■ repeat again and again 
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Framework for teaching 
abstraction to novices (2013) 

 Use linguistic components for 
differentiating the levels  

♦Level 2: Scratch words  

■ change x by 50 

♦Level 3: Natural language 

■ advance x to the next position in the 
row 
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Framework for teaching 
abstraction to novices (2013) 

 Use linguistic components for 
differentiating the levels  

♦Level 2: Scratch 

■ block / instruction 

♦Level 3: Natural language 

■ step 
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Framework for teaching 
abstraction to novices (2013) 

 Use linguistic components for 
differentiating the levels  

♦Level 3: Natural language 

■ bubble sort 

♦Level 4: Problem names 

■ sort 
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Framework for teaching 
abstraction to novices (2013) 

 Use linguistic components for 
differentiating the levels  

♦Level 3: Natural language 

■ The solution for the race problem. 

♦Level 4: Problem names 

■ the race 
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Framework for teaching 
abstraction to novices (2013) 
 Clear distinction between Level 4 and the 

others  

♦ Expand the script of the referee so that 
he falls down (changes direction) when 
he is touched by the ball 

♦ Expand the script of the referee so that 
he falls down when he is touched by the 
ball.  

Hint: use direction change to simulate 
falling 
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Framework for teaching 
abstraction to novices (2013) 
 Clear distinction between Level 4 and the 

others  

♦Expand the script of the referee so that 
he falls down (changes direction) when 
he is touched by the ball 

♦Expand the script of the referee so that 
he falls down when he is touched by the 
ball.  

Hint: use direction change to simulate 
falling 
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Framework for teaching 
abstraction to novices (2013) 
 Use Refinements of Level 3 

♦1. Look for the place of the missing dish 
in the main course menu 

♦1. Examine the first dish in the main course 
menu 

2. Repeat until the dish you are currently 
examining is the missing one: 

2.1. Examine the next dish in the main course 
menu 
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Framework for teaching 
abstraction to novices (2013) 
 Executions can be left as an exercise 

 As experience is gained – also 
implementation (programming) 

 Be explicit and reflective 

♦ We learned about problem-solving 

♦  We learned about gradual problem-solving 

♦  We learned about decomposition to 
smaller tasks 
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Abstraction: 
 the essence of computing 
Teaching abstraction to young students 
The goal: to induce a meaningful learning of 
abstraction and to develop transferable CS-
abstraction abilities 

11 dimensions 

1. Algorithms – pre-planning 

2. Only an algorithmic solution 

3. Black boxes 

4. Course objectives 

5. Perception of CS 

6. …  
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Abstraction: 
 the essence of computing 
Teaching abstraction to young students 
The goal: to induce a meaningful learning of 
abstraction and to develop transferable CS-
abstraction abilities 

It works 

all 11 dimensions 
for some dimensions – girls are better 

and not worse on other 
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