
CHAPTER 4: 

Computational thinking (CT) achievement can be described as increasing according to the 

following progression:

• At the lower region of the scale, students demonstrate a functional working knowledge of 

computation as input and output. They record data from observed outputs and implement 

complete solutions to simple coding problems. 

• At the middle region of the scale, students demonstrate an understanding of computation 

as enabling practical solutions to real-world problems. They systematically associate inputs 

with outputs when planning solutions, and implement complete solutions to complex 

coding using non-linear logic.

• At the upper region of the scale, students demonstrate an understanding of computation as 

a generalizable problem-solving framework. They infer the relationship between observed 

to complex coding problems using repeat and conditional statements.

Eight countries and one benchmarking participant completed the ICILS CT option. Students’ 

CT varied more within countries than across countries.

scores within countries varied between 266 scale points (in Portugal) and 371 scale points 

(in Korea).  (Table 4.1)

• The difference between the highest and lowest average CT scores across countries was 

76 scale points. (Table 4.1)

CT achievement tended to be higher among male students. 

• Across all countries the average CT scale scores of male students was statistically 

female and male students were found in only two countries. In one of those countries 

the difference was in favor of female students and in the other it was in favor of male 

students. (Table 4.2)

Socioeconomic status (SES), denoted by parental occupation, parental education, and number 

scale than those in the lower SES groups. (Table 4.3)

Immigrant background and language background were associated with student CT 

achievement.

higher CT scale scores than students from immigrant families. (Table 4.4)

reported speaking another language at home. (Table 4.4)
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Access to computers at home and years’ experience using computers were associated with 

student CT.

• In all countries, students who reported having two or more computers at home had 

two computers at home. (Table 4.5)

• In all countries, students who reported having five years or more experience using 

Student CT achievement was strongly associated with student computer and information 

literacy (CIL) achievement.

• On average across all countries, the correlation between students’ CIL and CT scale scores 

was 0.82. (Table 4.6)

• The correlation between students’ CIL and CT scale scores varied between 0.74 and 0.89 

across countries. (Table 4.6)
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The International Computer and Information Literacy Study (ICILS) 2018 assessment framework 

problems which are appropriate for computational formulation and to evaluate and develop 

algorithmic solutions to those problems so that the solutions could be operationalized with a 

computer” (Fraillon et al. 2019, p. 27). 

in terms of a number of aspects. The strands are: conceptualizing problems and operationalizing 
solutions. The aspects further articulate CT in terms of the main processes applied within each 

strand. The three aspects that make up the conceptualizing problems strand are: knowing about 

and understanding digital systems, formulating and analyzing problems, and collecting and 

representing relevant data. The two aspects that make up the operationalizing solutions strand 

are: planning and evaluating solutions, and developing algorithms, programs, and interfaces.

The ICILS 2018 CT assessment was an option for countries participating in ICILS. Eight countries 

and one benchmarking participant participated in the optional CT assessment. In this chapter, 

we detail the measurement of CT in ICILS 2018 and discuss student achievement across the 

countries that participated in the ICILS CT option. We begin the chapter by describing the CT 

data. We also describe and discuss the international student results relating to CT. The majority 

of content in this chapter relates to Research Question CT 1, which focuses on the extent of 

of the chapter we address aspects of Research Questions CT 3 (the relationships between 

and their CT), CT 4 (aspects of students’ personal and social backgrounds, such as gender and 

socioeconomic background, related to students’ CT), and CT 5 (the association between students 

computer and information literacy [CIL] and CT). 

Assessing CT
The CT test instrument comprised two 25-minute test modules. In countries participating in 

the CT option, students completed the two CT test modules in randomized order after they had 

completed the CIL test and the student questionnaire.

One of the CT test modules (automated bus) focused on CT Strand 1: Conceptualizing problems, 

and the second (farm drone) focused on CT Strand 2: Operationalizing solutions. The automated 

of the navigation and braking systems in a driverless bus. The farm drone module provided a 

visual coding interface that students were required to use to complete discrete coding tasks. 

The code in each task controlled the behavior of a programmable drone that could complete 

a set of actions on a farm. Students were presented with a work space, draggable commands, 

and a visual output that showed the outcomes of the executed commands. The complexity of 

each task related to the number of targets and actions required to solve the problem instance. 

In total, the data comprised 39 score points derived from 18 discrete tasks and questions. Student 

responses to most tasks were automatically scored. The exceptions were some open-response 

questions that were scored by trained expert scorers in each country. Data were only included 

where they met or exceeded the International Association for the Evaluation of Educational 

Achievement (IEA) sample participation requirements. The ICILS 2018 technical report (Fraillon 

et al. 2020) provides further information on adjudication of the test data.
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strands describe CT in terms of conceptualizing problems and operationalizing solutions. The 

aspects further articulate CT in terms of the main (but not exclusive) constituent processes. We 

used this structure primarily as an organizational tool when describing the breadth of content 

of the CT construct. The structure was not intended to form the basis of analysis and reporting 

of achievement by sub-dimensions (such as by strand or aspect).

The following list sets out the two strands and corresponding aspects of the CT framework 

together with the percentages of score points (of the 39 total score points) attributed to each 

strand and to each aspect within the strands.

• Strand 1: Conceptualizing problems, comprising three aspects, 41 percent:

– Aspect 1.1: Knowing about and understanding digital systems, 18 percent.

– Aspect 1.2: Formulating and analyzing problems, 10 percent.

– Aspect 1.3: Collecting and representing relevant data, 13 percent.

• Strand 2: Operationalizing solutions, comprising two aspects, 59 percent:

– Aspect 2.1: Planning and evaluating solutions, 31 percent.

– Aspect 2.2: Developing algorithms, programs, and interfaces, 28 percent.

The structure described for the CT construct (two strands comprising two and three respective 

aspects) was established to “allow readers to clearly see the different related aspects of CT 

and to support the auditing of the CT instruments against the full breadth of content in the CT 

construct” (Fraillon et al. 2019, p. 28). As mentioned, this described structure did not presuppose 

a sub-dimensional structure for the analysis and reporting of the CT construct. For ICILS 2018 

a single scale of CT achievement has been established and described. Further exploration of 

the potential of sub-dimensions of CT to be reported are planned for future cycles of ICILS.

We used the Rasch item response theory (IRT) model (Rasch 1960) to derive the CT achievement 

metric that had an international mean of 500 (the ICILS average score) and standard deviation 

of 100 for the equally weighted national samples. We used plausible value methodology with 

full conditioning to derive summary student achievement statistics. This approach enables 

estimation of the uncertainty inherent in a measurement process (e.g., von Davier et al. 2009). 

The ICILS technical report provides details on the procedures the study used to scale test items 

(Fraillon et al. 2020).

items. As part of the test development process, the ICILS research team wrote descriptors for 

each item in the assessment instrument. These item descriptors, which also reference the ICILS 

assessment framework, describe the CT knowledge, skills, and understandings demonstrated 

by a student correctly responding to each item. An item map similar to the item map for CIL 

was produced for CT.

In order to describe the underlying characteristics of achievement across the breadth of the 

scale we divided the items that were ordered in the item map into thirds with equal numbers 

of items in each third. For ICILS 2018 we refer to these as the lower, middle, and upper regions 

of the scale. The descriptions of each region are syntheses of the common elements of CT 

knowledge, skills, and understanding described by the items within each region.18 The regions 

18 The lower and upper regions are unbounded. The descriptions for these regions are based on items with a scaled 

points (for the upper region).
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of the CT scale should not be directly compared to the levels in the CIL scale, as they have been 

developed using a different process and the scale metrics are not comparable. 

region is that between 459 and 589 scale points (inclusive), and the upper region is above 589 

scale points. 

achievement progresses up the scale. We can therefore assume that a student located at a 

particular place on the scale because of their achievement score will be able to undertake and 

successfully accomplish tasks up to that level of achievement. Following is a description of the 

characteristics of each region on the CT scale.

Lower region (below 459 scale points)

Students showing achievement corresponding to the lower region of the scale demonstrate 

record observations when planning computational solutions to given problems. When developing 

problem solutions in the form of algorithms, they can use a linear (step by step) sequence of 

instructions to meet task objectives.

Students working at the lower region of the scale can, for example:

• Create a complete but suboptimal route from one location to another on a network diagram; 

• Partially debug an algorithm that uses a repeat statement by correcting the logic of connected 

statements;

problem (i.e., a problem with a limited set of available commands and objectives); and

complexity problem (e.g., a problem with multiple objectives best solved using a repeat 

statement).

Middle region (459 to 589 scale points)

Students showing achievement corresponding to the middle region of the scale demonstrate 

understanding of how computation can be used to solve real-world problems. They can plan and 

execute systematic interactions with a system so that they can interpret the output or behavior 

of the system. When developing algorithms, they use repeat statements effectively.

Students working in the middle region of the scale can for example:

• Adapt information shown in a network diagram to create a complete set of instructions 

• Store and compare data collected using a simulation tool; 

• Debug, with some redundancy in the solution, an algorithm for a high-complexity problem (e.g., 

a problem with multiple task objectives best solved using repeat and conditional statements); 

(e.g., a problem with multiple objectives best solved using a repeat statement); and

(e.g., a problem with multiple task objectives best solved using repeat and conditional 

statements).
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Upper region (above 589 scale points)

Students showing achievement corresponding to the upper region of the scale demonstrate an 
understanding of computation as a generalizable problem-solving framework. They can explain 
how they have executed a systematic approach when using computation to solve real-world 
problems. Furthermore, students operating within the upper region can develop algorithms that 
use repeat statements together with conditional statements effectively.

Students working in the middle region of the scale can, for example:

• Explain the value of a digital system for real-world problem solving;

• Complete a simple decision tree with the correct use of both logic and syntax;

problem with multiple task objectives best solved using repeat and conditional statements); 
and 

(e.g., multiple task objectives best solved using repeat and conditional statements).

To provide a clearer understanding of the nature of the CT scale, we include in this section of the 
chapter a set of example tasks. These indicate the types and range of tasks that students were 
required to complete during the ICILS test of CT. The items also provide examples of responses 
corresponding to the different regions on the CT scale. The data for each example task included 
in the analysis (including calculation of the ICILS 2018 average) are drawn only from those 
countries that met the sample participation, test administration, and coding requirements for 
that task in ICILS 2018. The example tasks are drawn from each of the two CT test modules.

Farm drone tasks (Example Tasks 1 and 2)

In the farm drone module, students worked within a simple visual coding environment (students 
had access to drag and drop code blocks each of which performed a specified function) to 
create, test, and debug code that controls the actions of a drone used in a farming context. The 

the sequence of actions required by the drone to complete the task. Students’ responses were 
captured by the assessment system and later scored on the basis of following two characteristics:

both the degree to which the drone performs required actions and the presence or absence of 
any unrequired actions.

the solution with the minimum number required to implement a fully correct solution (with longer 
code sequences corresponding to lower scores). Each farm drone task included an instruction 
for students to use as few code blocks as possible.

Ultimately, each coding task received a single score derived by combining the correctness and 

to completely correct responses. Full details of the scoring for each farm drone coding task are 
provided in the ICILS 2018 technical report (Fraillon et al. 2020).

The interface design for the Example CT Task 1 module was divided into two functional spaces 
(Figure 4.1). The test interface space (using the right and bottom of the screen) was the same 
as that used for the CIL test modules. Unlike in the other CIL and CT test modules, in the farm 
drone module students could return to previously completed tasks by clicking on the green 
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their solutions. The stimulus area comprised three separate parts: the code blocks space (at 
the bottom left of the screen), the farm drone display space (the 9 × 9 grid at the top left), and 
the work space (the central space where code blocks could be arranged to form an algorithm).

All tasks in the farm drone module presented students with the same interface design, with 

“when run” command present) for tasks that required students to create code sequences. The 

work space was presented with pre-populated algorithms for tasks that required students to 

debug code.

Students could drag code blocks into the work space. Code blocks connected to the “when 

run” code block would send instructions to the drone when the green “run program” button 

was clicked. Students could reset the state of the drone and the farm by clicking the blue reset 

button. They could also reset the state of the work space by clicking the orange reset button.

The complexity of the tasks increased progressively through the farm drone module. The 

• The task type (code creation or debugging);

• The variety of available code functions (movement, action, repeat, conditional);

such as dropping water, seed, or fertilizer);

• The number of different target types (dirt, low, or high crops);

• Whether or not any given target required more than one action to be completed over it;

• The number of different materials to be dropped on targets (water, seed, fertilizer).
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Example CT Task 1 (Figure 4.1) is a medium-complexity code creation task that represents the 

operationalizing solutions strand of the CT construct. The task objectives required students to 

make the drone drop water on the four dirt tiles with seeds (the targets) without dropping water 

on any of the grass tiles using the repeat statement. 

Students could receive a score of zero, one, two, or three points on this task. Students who 

necessary were awarded one score point; on average across all countries, 86 percent of students 

achieved at least this. The percentages across countries and the benchmarking participant varied 

from 76 percent to 92 percent. Achievement of a score of one on this task was at the lower end 

of the lower region on the CT scale. 

Students who completed all of the objectives and used the repeat statement but included a few 

code blocks more than the minimum necessary were awarded two score points; on average across 

all countries, 77 percent of students achieved at least this. The percentages across countries 

and benchmarking participants varied from 73 percent to 86 percent. Achievement of a score 

of two on this task was in the upper end of the lower region of the CT scale.

Score CT scale CT scale ICILS 2018 average  

At least one of three points Lower 353 86 (0.3)

At least two of three points Lower 396 77 (0.4)

Three points Upper 613 27 (0.5)

ICILS assessment framework reference

2.2   Operationalizing solutions

  Developing algorithms, programs, and interfaces

Notes: Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals 
may appear inconsistent.
† Met guidelines for sampling participation rates only after replacement schools were included. 
††  Nearly met guidelines for sampling participation rates after replacement schools were included.  
1

    

Country Percentage scoring Percentage scoring Percentage scoring
 one out of two out of three points
 three points three points 

Denmark† ¹  92 (0.5) 83 (0.9) 26 (1.2)

Finland 87 (1.0) 80 (1.2) 29 (1.0)

France 87 (0.8) 77 (1.0) 40 (1.3)

Germany 83 (1.2) 73 (1.2) 18 (1.2)

Korea, Republic of 90 (0.8) 86 (1.0) 39 (1.9)

Luxembourg 76 (0.5) 66 (0.5) 16 (0.3)

Portugal†† ¹  88 (0.8) 78 (1.1) 20 (1.1)

Not meeting sample participation requirements

United States 86 (0.6) 77 (0.7) 34 (1.1)

Benchmarking participant meeting sample participation requirements

North Rhine-Westphalia (Germany) 84 (0.9) 73 (1.3) 17 (1.1)
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Students who could complete all of the task objectives using the repeat statement and with the 

fewest number of code blocks necessary were awarded the maximum of three score points; on 

average across all countries, 27 percent of students received the maximum score in this task. 

The percentages across countries and the benchmarking participant varied from 16 percent to 

40 percent. Achievement of a score of three on this task was in the upper region of the CT scale.

Example CT Task 2 (Figure 4.2) is a high-complexity debugging task. The work space was pre-

objectives. 

 

Score CT scale CT scale ICILS 2018 average  

At least one of three points Lower 456 63 (0.5)

At least two of three points Middle 552 37 (0.5)

Three points Upper 733  8 (0.2)

ICILS assessment framework reference

2.1  Operationalizing solutions

  Planning and evaluating solutions 
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Example CT Task 2 represents the operationalizing solutions strand of the CT construct and 

required students to make the drone drop water on the big and small crop tiles and in addition 

to drop fertilizer on the small crop tiles. The algorithm presented to students in the work space 

used an if statement nested inside a repeat statement which included non-linear conditional logic. 

In the logic of the existing algorithm, the decision to drop fertilizer and water was conditional 

on the size of the crop. In the simplest correction to the algorithm, students could place the 

“drop water” command outside the conditional statement after the “move forward” command 

Students could receive a score of zero, one, two, or three points on this task. Students who could 

complete all of the objectives but with many more code blocks than the minimum necessary 

were awarded one score point. This was typically achieved by removing the repeat and if 
statements and using the move and drop statements using only linear logic. On average across 

all countries, 63 percent of students achieved at least this. The percentages across countries 

and the benchmarking participant varied from 48 to 74 percent. Achievement of a score of one 

on this task was in the lower region on the CT scale.

Students who could complete all of the task objectives with only a few code blocks more than 

the minimum necessary, by using the repeat and if statements together, were awarded a score 

of two. On average across all countries, 37 percent of students achieved at least this. The 

percentages across countries and the benchmarking participant varied from 25 percent to 48 

percent. Achievement of a score of two on this task was in the middle region of the CT scale.

Students who were able to correct the algorithm using the minimum number of code blocks 

were awarded a score of three. These students demonstrated clear control over the non-linear 

conditional logic of the algorithm. On average across all countries, eight percent of students 

received the maximum score on this task. The percentages of students who were successful 

across countries and the benchmarking participant varied from three percent to 12 percent. 

Achievement of a score of three on this task was in the upper region of the CT scale. 

Notes: Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals 
may appear inconsistent. 
† Met guidelines for sampling participation rates only after replacement schools were included. 
††  Nearly met guidelines for sampling participation rates after replacement schools were included.  
1

    

Country Percentage scoring Percentage scoring Percentage scoring
 one out of two out of three points
 three points three points 

Denmark† ¹  70 (1.3) 39 (1.2) 8 (0.7)

Finland 66 (1.3) 44 (1.3) 9 (0.7)

France 65 (1.2) 41 (1.1) 12 (0.7)

Germany 60 (1.4) 32 (1.2) 7 (0.6)

Korea, Republic of 74 (1.4) 48 (1.6) 12 (0.8)

Luxembourg 48 (0.6) 25 (0.4) 5 (0.3)

Portugal†† ¹  61 (1.6) 31 (1.3) 3 (0.4)

Not meeting sample participation requirements

United States 60 (1.1) 37 (0.9) 8 (0.4)

Benchmarking participant meeting sample participation requirements

North Rhine-Westphalia (Germany) 61 (1.3) 32 (1.3) 6 (0.6)
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Automated bus tasks (Example Tasks 3 and 4)

Example CT Task 3 (Figure 4.3) represents the conceptualizing problems strand of the CT 

construct. The task presented students with a stopping distance simulator and the objective of 

whether the bus stopped before, or crashed into, the rocks. 

Score CT scale CT scale ICILS 2018 average  

At least one of two points Middle 477 58 (0.4)

Two points Middle 557 36 (0.4)

ICILS assessment framework reference

1.3 Conceptualizing problems

  Collecting and representing relevant data
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Students could receive a score of zero, one, or two points on this task. One point was awarded to 

two score points. Scores of one and two on this task were both indicative of achievement in the 

middle region of the CT scale, with a score of one near the lower end of the region and a score 

of two at the upper end of the region. On average across all countries, 58 percent of students 

achieved a score of at least one on this task and 36 percent of students achieved a score of 

two. These percentages varied across countries and the benchmarking participant between 50 

percent and 72 percent for a score of at least one and between 27 percent and 58 percent for 

a score of two.

In the CT test, Example CT Task 4 (Figure 4.4) was presented to students as the task preceding 

complete the decision tree with the labels provided. Students were required to drag and drop 

the labels from the left of the screen into the decision tree in a way that was consistent with 

both the logical sequence of the decision-making and the syntax of the decision tree. 

Notes: Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals 
may appear inconsistent.
† Met guidelines for sampling participation rates only after replacement schools were included. 
††  Nearly met guidelines for sampling participation rates after replacement schools were included.  
1

    

Country Percentage scoring Percentage scoring
 one out of two points two points

Denmark† ¹  64 (1.3)  40 (1.3)

Finland 62 (1.3) 37 (1.3)

France 48 (1.1) 27 (1.1)

Germany 56 (1.2) 32 (1.1)

Korea, Republic of 72 (1.2) 58 (1.2)

Luxembourg 50 (0.6) 28 (0.5)

Portugal†† ¹   56 (1.4) 28 (1.4)

Not meeting sample participation requirements

United States 57 (1.0) 34 (0.9)

Benchmarking participant meeting sample participation requirements

North Rhine-Westphalia (Germany) 55 (1.2) 29 (1.3)
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Score CT scale CT scale ICILS 2018 average  

At least one of two points Middle 488 56 (0.4)

Two points Upper 591 28 (0.4)

ICILS assessment framework reference

1.2 Conceptualizing problems

  Formulating and analyzing problems
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Students could receive a score of zero, one, or two points on this task. Students who could use 

the syntax correctly by dragging the “Yes” and “No” labels to the spaces above the decision point 

but placed the “Reduce speed 20%” and “Continue current speed” labels under the wrong decision 

received one score point. Similarly, students who used the syntax incorrectly by placing the “Yes” 

and “No” labels in the spaces below the decision point but placed the “Reduce speed 20%” and 

“Continue current speed” labels under the correct decision also received one score point. In 

summary, students who could complete the decision tree with either the correct syntax or the 

correct logic received one score point. This was indicative of achievement in the middle region 

of the CT scale. Students who could complete the decision tree with the correct syntax and the 

correct logic received two score points. This was indicative of achievement in the upper region 

of the CT scale. On average across all countries, 56 percent of students achieved a score of at 

least one on this task and 28 percent of students achieved a score of two. These percentages 

varied across countries and the benchmarking participant between 50 percent and 65 percent 

for a score of at least one and between 20 percent and 37 percent for a score of two.

Distribution of student achievement scores

When considering the distribution of student achievement on the CT test for all participating 

countries and benchmarking participants, it is important to bear in mind that only a small number 

of countries participated in the ICILS CT international option (Table 4.1; note that the length of 

differences in the within-country student score distributions).

The average country scores on the CIL scale ranged between 460 and 536 scale points; the 

range was equivalent to approximately 0.7 international standard deviations (Table 4.1). Unlike 

the distribution of CIL, for CT the spread of scores within countries does not appear to be clearly 

associated with achievement across countries (Table 4.1). However, as was observed for student 

CIL, the variation in student CT scores within countries was greater than that across countries. 

Notes: Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals 
may appear inconsistent.
† Met guidelines for sampling participation rates only after replacement schools were included. 
††  Nearly met guidelines for sampling participation rates after replacement schools were included.  
1

    

Country Percentage scoring Percentage scoring
 one out of two points two points

Denmark† ¹  55 (1.3) 29 (1.0)

Finland 56 (1.2) 27 (1.0)

France 55 (1.4) 30 (1.4)

Germany 57 (1.1) 30 (1.0)

Korea, Republic of 65 (1.2) 37 (1.3)

Luxembourg 51 (0.6) 24 (0.6)

Portugal†† ¹   50 (1.2) 20 (1.0)

Not meeting sample participation requirements

United States 52 (0.7) 24 (0.6)

Benchmarking participant meeting sample participation requirements

North Rhine-Westphalia (Germany) 55 (1.1) 29 (1.0)



103STUDENTS’ COMPUTATIONAL THINKING

N
o

te
s:

 IC
T

 d
ev

el
o

pm
en

t 
in

d
ex

 (I
D

I)
 s

co
re

 a
n

d
 c

o
u

n
tr

y 
ra

n
k 

d
at

a 
re

la
te

 t
o

 2
0

1
7

 (s
o

u
rc

e:
 IT

U
 2

0
1

9
). 

St
an

d
ar

d
 e

rr
o

rs
 a

pp
ea

r 
in

 p
ar

en
th

es
es

. 
†
  

M
et

 g
u

id
el

in
es

 fo
r 

sa
m

pl
in

g 
pa

rt
ic

ip
at

io
n

 r
at

es
 o

n
ly

 a
ft

er
 r

ep
la

ce
m

en
t 

sc
h

o
o

ls
 w

er
e 

in
cl

u
d

ed
.

†
†
  N

ea
rl

y 
m

et
 g

u
id

el
in

es
 fo

r 
sa

m
pl

in
g 

pa
rt

ic
ip

at
io

n
 r

at
es

 a
ft

er
 r

ep
la

ce
m

en
t 

sc
h

o
o

ls
 w

er
e 

in
cl

u
d

ed
.

1 2
 

D
at

a 
re

la
te

 t
o

 a
ll 

o
f G

er
m

an
y.

   
   

   
  

 1
0

0
 

2
0

0
 

3
0

0
 

4
0

0
 

5
0

0
 

6
0

0
 

7
0

0

P
er

ce
n

ti
le

s 
o

f p
er

fo
rm

an
ce

5
th

 
2

5
th

 
7

5
th

 
9

5
th

C
o

u
n

tr
y 

A
ve

ra
ge

 a
ge

 
C

T
 a

ch
ie

ve
m

en
t 

d
is

tr
ib

u
ti

o
n

 
A

ve
ra

ge
 C

T
 s

co
re

 
IC

T
 d

ev
el

o
p

m
en

t 
in

d
ex

 (I
D

I)
 

 
 

 
 

sc
o

re
 (a

n
d

 c
o

u
n

tr
y 

ra
n

k)
 

K
o

re
a,

 R
ep

u
b

lic
 o

f 
1

4
.2

 
 

5
3

6
 

(4
.4

) 
 

8
.8

5
  

(2
)

D
en

m
ar

k†
 ¹ 

 
1

4
.9

 
 

5
2

7
 

(2
.3

) 
 

8
.7

1
  

(4
)

F
in

la
n

d
 

1
4

.8
 

 
5

0
8

 
(3

.4
) 

 
7

.8
8

  (
2

2
)

F
ra

n
ce

 
1

3
.8

 
 

5
0

1
 

(2
.4

) 
 

8
.2

4
  (

1
5

)

G
er

m
an

y 
1

4
.5

 
 

4
8

6
 

(3
.6

) 
 

8
.3

9
  (

1
2

)

P
o

rt
u

ga
l†

†
 ¹ 

 
1

4
.1

 
 

4
8

2
 

(2
.5

) 
 

7
.1

3
  (

4
4

)

Lu
xe

m
b

o
u

rg
 

1
4

.5
 

 
4

6
0

 
(0

.9
) 

 
8

.4
7

 
 (9

)

IC
IL

S 
2

0
1

8
 a

ve
ra

ge
 

1
4

.4
 

 
5

0
0

 
(1

.1
)

N
o

t 
m

ee
ti

n
g 

sa
m

p
le

 p
ar

ti
ci

p
at

io
n

 r
eq

u
ir

em
en

ts
 

 
 

U
n

it
ed

 S
ta

te
s 

1
4

.2
 

 
4

9
8

 
(2

.5
) 

 
8

.1
8

  (
1

6
) 

B
en

ch
m

ar
ki

n
g 

p
ar

ti
ci

p
an

t 
m

ee
ti

n
g 

sa
m

p
le

 p
ar

ti
ci

p
at

io
n

 r
eq

u
ir

em
en

ts
 

 
 

N
o

rt
h

 R
h

in
e-

W
es

tp
h

al
ia

 (G
er

m
an

y)
 

1
4

.4
 

 
4

8
5

 
(3

.0
) 

 
8

.3
9

  
(1

2
) 

2
 



104 PREPARING FOR LIFE IN A DIGITAL WORLD

Ta
bl

e 
4

.2
: G

en
de

r d
iff

er
en

ce
s 

in
 C

T

N
o

te
s:

 S
ta

n
d

ar
d

 e
rr

o
rs

 a
pp

ea
r 

in
 p

ar
en

th
es

es
. B

ec
au

se
 r

es
u

lt
s 

ar
e 

ro
u

n
d

ed
 t

o
 t

h
e 

n
ea

re
st

 w
h

o
le

 n
u

m
b

er
, s

o
m

e 
to

ta
ls

 m
ay

 a
pp

ea
r 

p 
<

 0
.0

5
) b

et
w

ee
n

 s
u

b
gr

o
u

ps
 a

re
 s

h
o

w
n

 in
 b

o
ld

.
†
  

M
et

 g
u

id
el

in
es

 fo
r 

sa
m

pl
in

g 
pa

rt
ic

ip
at

io
n

 r
at

es
 o

n
ly

 a
ft

er
 r

ep
la

ce
m

en
t 

sc
h

o
o

ls
 w

er
e 

in
cl

u
d

ed
.

†
†
 N

ea
rl

y 
m

et
 g

u
id

el
in

es
 fo

r 
sa

m
pl

in
g 

pa
rt

ic
ip

at
io

n
 r

at
es

 a
ft

er
 r

ep
la

ce
m

en
t 

sc
h

o
o

ls
 w

er
e 

in
cl

u
d

ed
.

1
 

  
p 

<
 0

.0
5

 le
ve

l

 

-3
0

 
-2

0
 

-1
0

 
0

 
1

0
 

2
0

 
3

0

C
o

u
n

tr
y 

M
ea

n
 s

ca
le

 s
co

re
 

M
ea

n
 s

ca
le

 s
co

re
  

D
if

fe
re

n
ce

 
G

en
d

er
 d

if
fe

re
n

ce
 

 

 
fe

m
al

es
  

m
al

es
  

(f
em

al
es

 –
 m

al
es

)

D
en

m
ar

k†
 ¹ 

 
5

2
7

 
(2

.7
) 

5
2

7
 

(3
.1

) 
0

 
(3

.5
)

F
in

la
n

d
 

5
1

5
 

(3
.7

) 
5

0
2

 
(4

.3
) 

1
3

 
(4

.4
)

F
ra

n
ce

 
4

9
8

 
(3

.1
) 

5
0

5
 

(3
.0

) 
–

7
 

(3
.8

)

G
er

m
an

y 
4

8
2

 
(3

.7
) 

4
9

0
 

(4
.7

) 
–

8
 

(4
.4

)

K
o

re
a,

 R
ep

u
b

lic
 o

f 
5

3
4

 
(4

.6
) 

5
3

8
 

(5
.5

) 
–

4
 

(4
.9

)

Lu
xe

m
b

o
u

rg
 

4
5

7
 

(2
.0

) 
4

6
3

 
(1

.7
) 

–
6

 
(3

.3
)

P
o

rt
u

ga
l†

†
 ¹ 

 
4

7
3

 
(2

.7
) 

4
9

0
 

(3
.3

) 
–

1
6

 
(3

.3
)

IC
IL

S 
2

0
1

8
 a

ve
ra

ge
 

4
9

8
 

(1
.2

) 
5

0
2

 
(1

.4
) 

–
4

 
(1

.5
) 

N
o

t 
m

ee
ti

n
g 

sa
m

p
le

 p
ar

ti
ci

p
at

io
n

 r
eq

u
ir

em
en

ts
 

 
 

U
n

it
ed

 S
ta

te
s 

4
9

5
 

(2
.6

) 
5

0
2

 
(3

.3
) 

–
7

 
(3

.1
)

B
en

ch
m

ar
ki

n
g 

p
ar

ti
ci

p
an

t 
m

ee
ti

n
g 

sa
m

p
le

 p
ar

ti
ci

p
at

io
n

 r
eq

u
ir

em
en

ts
 

 
 

 

N
o

rt
h

 R
h

in
e-

W
es

tp
h

al
ia

 (G
er

m
an

y)
 

4
7

4
 

(3
.4

) 
4

9
6

 
(4

.1
) 

–
2

3
 

(4
.8

)

 M
al

es
sc

or
e

hi
gh

er

Fe
m

al
es

sc
or

e
hi

gh
er



105STUDENTS’ COMPUTATIONAL THINKING

CT scores ranges between 266 and 371 scale points (with a median of 320 scale points or 3.2 

standard deviations), in comparison to a range of average scores across all countries of 76 scale 

points (equivalent to three quarters of an international standard deviation).

CT relative to the ICT development index

In Chapter 3 we reported that, on average, students had higher levels of CIL in countries with 

higher ICT development index (IDI) scores. The association between CT achievement and the 

However, the association between student CIL and country IDI in the same countries (i.e., only 

those countries in which students completed the tests of both CIL and CT) was weak, with a 

that, across the countries taking part in the ICILS CT assessment, the association between the 

IDI and a broader notion of digital competence (CIL) was lower than one might have predicted. 

This is potentially due to this smaller set of countries being relatively more homogeneous with 

respect to IDI and achievement than the broader set of ICILS 2018 participating countries.

In this section we address Research Question CT 4: What aspects of students’ personal and social 

Our focus is therefore on the associations between students’ CT and student gender, variables 

associated with students’ socioeconomic status, whether or not students had an immigrant 

background, and the language students spoke at home. Chapter 7 documents further 

investigation, based on regression modeling, of the relationships between student CT and 

student-level and school-level factors.

Gender and CT

higher than those of male students on average across all countries and within all countries and 

benchmarking participants except Chile, Uruguay, and North Rhine-Westphalia (Germany). 

A different pattern was evident for the relationship between gender and CT achievement to 

that of gender and CIL achievement. Across all countries the average CT scale score of male 

this difference was not consistent at the country level. In Portugal and North Rhine-Westphalia 

that of female students and in Finland the CT achievement of female students was statistically 

average scores of male students appeared to be higher than those of female students but the 

differences in achievement by gender found in both CIL and CT in further detail.

Socioeconomic background

In Chapter 3, details of how background data variables were collected and derived were presented. 

background variables (parental occupation, parental education, and number of books in the 

home) and CIL across all countries. 

We found a similar pattern of association between socioeconomic background and CT 

achievement across all countries (Table 4.3) to that reported for CIL in Chapter 3. 
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For each of the three socioeconomic background variables in each country, and overall across 

countries and the benchmarking participant, the average CT scores of students in the “higher” 

the magnitude of the differences between groups for all three variables varied across countries.

On average across all countries, the difference between students in the higher and lower parental 

occupation categories was 42 CT scale points, with the minimum difference being 21 scale points 

in Korea and the maximum difference being 67 scale points in Luxembourg.

On average across all countries, the difference between the CT scores of students in the low 

(short-cycle tertiary or below) and in the high (Bachelor’s degree or higher) parental education 

groups was 31 scale points, with the minimum difference being 19 scale points in Korea and 

the maximum difference being 46 scale points in Luxembourg.

Cross-nationally, the difference between the average CT scale scores of students who reported 

having 26 or more books at home and those students who reported fewer than 26 books at 

home was 57 scale points, with the minimum difference being 40 scale points in Portugal and 

the maximum difference being 77 scale points in Germany.

All three indicators of students’ socioeconomic status contributed to a composite index of 

socioeconomic status. This index is used in the multilevel regression analyses presented in 

Chapter 7.

Immigrant status and language use

In Chapter 3 we reported that the CIL scores of students without immigrant background tended 

to be higher than those with an immigrant background. We found similar results with CT where, 

for six of the seven countries that met the ICILS technical requirements, the students from 

students from immigrant backgrounds (Table 4.4). On average across countries, the difference 

between students with immigrant backgrounds and those without was 46 CT scale points, with 

the minimum difference being 14 scale points in Portugal and the maximum difference being 

56 in Finland.

In most participating countries, the majority of students indicated speaking the test language 

at home. Across countries, CT scores tended to be higher among students speaking the test 

between students speaking the test language and those speaking other languages at home. The 

Computers at home and experience using computers

In Chapter 3 we noted that students with more computers at home tended to have higher CIL 

scores. A similar pattern of association can be seen when considering students’ CT achievement 

(Table 4.5). On average across countries, the CT scores of students reporting having two or more 

computers at home were 29 scale points higher than those who reported having fewer than two 

computers at home. This difference varied from 18 points in Portugal to 43 points in Germany 
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Similarly, students’ years of experience using computers was positively associated with CT. On 

difference varied from eight scale points in France to 50 scale points in Korea and was statistically 

Rhine-Westphalia (Germany).

In this section we address Research Question CT 5: What is the association between students’ 
CIL and CT?

CIL has an operational emphasis on students’ abilities to use computer technologies to collect 

and manage information and to produce and exchange information. In the ICILS test of CIL, this 

is assessed through students’ responses to a broad range of tasks that focus on (receptive and 

productive) information literacy in a digital environment. CT is a new assessment construct to ICILS. 

Its focus is on the planning, formulation, implementation, and evaluation of “algorithmic solutions 

to [real-world] problems so that the solutions could be operationalized with a computer” (Fraillon 

et al. 2019, p. 27). The ICILS CT assessment combines tasks involving planning for a computer-

operationalized solution to a real-world problem and a suite of visual coding tasks. 

CIL and CT are quite different achievement constructs. This is evident through examination of 

do share some common features. They both are, and can only be, completed on computer. Each 

one therefore draws on understandings of how computers can be used to solve problems as 

described by CIL Aspect 1.1 (knowing about and understanding computer use) and CT Aspect 

1.1 (knowing about and understanding digital systems). Furthermore, achievement in each of 

CIL and CT draws on students’ literacy skills (in reading and responding to tasks) and critical 

thinking (through the evaluation of information, data, and solutions to problems). In ICILS 2018 

it was expected that, while the differences between the two domains would result in differences 

in achievement within students, the commonalities in the foundations of achievement of the 

domains would lead to a positive association between CIL and CT achievement. 

On average across all countries, the correlation between students’ CIL and CT scale scores 

was 0.82 (Table 4.6). This strong correlation between CIL and CT scores was consistent across 

countries and varied from 0.74 in Korea to 0.89 in Finland. We report the correlations between 

CIL and CT scores across all countries as well as the average CT scale scores for students 

the average CT scores of students increase as the CIL levels of students increase. On average 

across all countries, the difference in student CT scale scores between students in adjacent CIL 

levels of achievement varied from 90 CT scale points (between students with CIL of Level 1 

and Below Level 1) and 60 CT scale points (between students with CIL of Level 3 and Level 4 

or above). Across countries there was a general tendency for the difference in average CT scale 

scores of students in adjacent CIL levels of achievement to be larger between the lower levels of 

achievement than between the higher levels. We further investigated the correlation between 

students’ CIL and CT by gender and found that they varied little from the overall correlations 

reported across countries. The consequences of the strong correlation between CIL and CT and 

their relationships to student gender are further discussed in Chapter 8.
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