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Why should we be concerned? 

Assessing digital competence:





What is digital competence?

• Digital literacy

• Problem solving

• Computational thinking

• Collaborative problem solving

• Digital citizenship ….







Source: https://www.wcpss.net/domain/17003



Assessment frameworks for 
collaborative problem solving (CPS)

Cognitive dimension

Social dimension



Digital Citizenship competence



Is assessing DC different? If so, in what ways?

• Cognitive maturity, development and experience: Do older students 
necessarily perform better? (e.g. DL)

• Technological advancement, tool familiarity and dependence: Can there 
be a “fair comparison” of performance ? (e.g. DL)

• Generic competence or technology dependent competence? (e.g. CT)

• Generic competence or context dependent competence? (e.g. problem 
solving)

• Individual competence or interdependent competence? (e.g. group 
dynamics & leadership in CPS)



Measuring digital competence

Issues
• Validity—measuring what we 

want to measure

• Reliability—stable across 
measurement contexts

Functions

• Measuring growth, development 

• Comparing individuals’ aptitude/ 
achievement

• Measuring change over time (cohort)

Challenges (measurement of outcomes as relatively stable latent variables)

1. Need for technology mediation
• Technology as non-neutral context affecting definition of assessment framework & indicators
• Equity—learner experience and exposure to the technology impact on outcomes

2. Context dependence
• Task and experience of learners
• Social context—characteristics of others and the social setting

3. Rapid technological and social changes 
• Can population (cohort) achievement be compared/tracked?



Data collection period:
Dec 2018 – Apr 2019

Target students:
*  P3
*  S1
*  S3



Data collection period:
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Different approach to instrument 
design regarding technology 



Comparing performance of the 
three age cohorts

Violin plots showing the spread of students’ 
DL performance across cohorts. 



Digital literacy: our findings

Secondary students perform significantly 
better than primary students

P3 generally 
lower DL than 

S1 or S3

Overall, S3 students perform only 

slightly better than S1 students

-0.76

0.43



Huge 
performance 

divide

Digital Literacy performance divide—large between-school differences

Divide increasing with grade level

-0.76

Digital literacy: our findings



Some P3 classes perform better than S1/S3 classes 

performance 
divide: 

P3 < S1 &S3

Digital Literacy performance divide—large between-school differences

-0.76

Digital literacy: our findings



Divide increasing with grade level

performance 
divide: 

S1 & S3 > P3

Digital Literacy performance divide—large within-school differences

-0.76

Digital literacy: our findings



In some schools, S1 > S3

S1, S3 difference
may reflect 

streaming effect

Digital Literacy performance divide—large within-school differences

-0.76

Digital literacy: our findings



Digital Literacy Global Framework (DLGF) 

Example: Pathways mapping for agriculture (farmers)

Trading using mobile phone
Using smartphone to cut out 

middlemen

A data-driven irrigation system 

using Internet-of-things



Digital Literacy Global Framework (DLGF) 

Example: Pathways mapping for e-government 

applications

Bidding for government procurement through 

e-government website

Applying for single sign-on account to access a 

range of  e-government online services 





Digital Literacy Global Framework (DLGF) 

Example from MLW 2018: Women empowerment 
in India 



Digital Literacy Global Framework (DLGF) 

Example from MLW 2018: 

Supporting refugee learning

Digital storytelling

Consortium of coding schools
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Measuring CPS skills performance of 13- & 15-
year-olds in Hong Kong using ATC21S CPS system 



CPS achievement measured using ATC21S

Cognitive process skills Social process skills



The ATC21S CPS 
assessment 
framework 

(Hesse et al., 
2015, p. 41-52)



PISA 2015 CPS 
Assessment 
Framework 

(OECD, 2017b, 
p. 50)



ATC21S
&

PISA CPS
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Differences:
• Human-to-human v.s. human-to-agent
• Jigsaw model v.s. decision tree

Similarities:
• CPS is an individual attribute/capacity
• CPS as a relatively stable, context 

independent attribute (measurement 
ideal)—Context: task, social, 
technological



Exploring assessment of CPS
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• Use ATC21S assessment framework

• Investigate CPS in virtual and non-virtual task settings 

• Observe both individual and group performance

• Observe group dynamics during problem solving 
stages

• Study CPS skills of young children (~ 8 to 13 years 
old)

Task context: anti-cyberbullying—recognizing and handling cyberbullying situations



Study 1 (fully open-ended tasks):
* Open-ended design of learning game (on story board) over 3 Friday mornings
* Groups of ~4 students, mixed age (8 to 13) & gender grouping , total 44 students
* Two groups with children 11 years and older (administered ATC21S CPS)
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Study 2 (compare fully open-ended with structured task):
* Class of 34 grade 3 students (groups of 4 – 5)
* Two half-hour tasks 

1. collaborate on an online anti-cyberbullying game
2. collaborate on improving the game design (on storyboard)

Study 3 (compare effect of task sequencing):
* 2 groups of grades 4 & 5 students
* Test effect of prior knowledge: 

--group 1: game play before game design
--group 2: game design before game play



Study 1 – Research questions
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1. How do students’ CPS behaviors change over time 
during a collaboration process?

2. How do group dynamics affect individual & group level 
performance?

3. How does the CPS scores of individuals assessed 
through game design task and ATC21S CPS system 
compare? 



Study 1 – Findings
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Study 1 – Findings
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Study 1 – Findings
• The CPS behavior of individuals and groups changed over time.

• Group dynamics could affect group performance when students’ 
behaviours and group work products are examined together. 

• No correlation between assessment results between Study 1 score 
and the ATC21S score of individuals. 

• Exhibited CPS behavior changes with:

• The nature of the task

• The stage of the problem-solving progress

• The other members’ behavioral changes in the group
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What do we know about the challenges?

How should we tackle them? 

Assessing digital competence:



Measuring digital competence

Issues
• Reliability—enforce 

stability across 
measurement contexts

• Validity—measuring what 
we can measure

• Does context dependence of performance 
mean that there is no latent ability 
underpinning Digital Competence?

• Would it be possible to explore latent ability 
and its context dependence?

• Is the context dependence of achievement 
measures a unique feature of digital 
competence/21st century skills?

• Digital competence can only be realistically 
reflected through interactions in dynamic 
situations——Can we use big data & machine 
learning to address these challenges? 



Thank you!

Q&A

https://ecitizen.hk/

https://ecitizen.hk/








What is digital competence

• Digital literacy

• Problem solving

• Computational thinking

• Collaborative problem solving


