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– Does technology really make a difference in 
education?

– Where are we?

– What have we learnt?

Key Questions



– Study One

• Sample: 15-year-old Hong Kong secondary students

• Examining the relationship between students’ ICT use and 
their academic achievements

– Study Two

• Sample: 15-year-old secondary students from 52 countries 

• Whether the phenomena unfolded in Study One can be 
found in other countries

• Examining the mediating role of students’ cognitive-
motivational engagement in ICT in the relationship between 
ICT use and their academic achievements

Two studies
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From Industrial Revolution to Industrial Revolution

• Shenzhen allows fully 
autonomous, driverless cars 
on some roads (South China 
Morning Post, 2022)

• Baidu unveils new self-
driving taxi in Shenzhen, 
China (BBC News, 2022)

Driverless car
• HKBU Symphony 

Orchestra held the 
Annual Gala Concert 
featuring AI virtual 
choir, AI virtual dancers, 
and an AI media artist 
(HKBU, 2022).

Symbiotic AI
• Space Opera Theater), by 

Jason Allen via 
Midjourney (an AI 
program), took first place 
in the digital category at 
the 2022 Colorado State 
Fair (The New York Times, 
2022).

AI generative content

https://www.scmp.com/tech/policy/article/3187483/chinas-southern-tech-hub-shenzhen-becomes-first-city-mainland-regulate
https://www.bbc.com/news/technology-62237612
https://www.hkbu.edu.hk/en/whats-new/press-release/2022/0705-HKBU-Symphony-Orchestra-to-hold-Annual-Gala-Concert-featuring-AI-virtual-choir-AI-virtual-dancers-and-an-AI-media-artist.html
https://www.nytimes.com/2022/09/02/technology/ai-artificial-intelligence-artists.html


From Industrial Revolution to Industrial Revolution
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– IR 1.0 and IR 2.0: enhancing the accessibility to 
education through the introduction of public schooling 
and broadcasting ETV

– IR 3.0 and IR 4.0: accessibility, interactivity, adaptability 
and symbioticity



Problem

– IRs have altered the ways we live, work, and relate to one 
another. 

– New technology is creating more jobs (e.g., Process 
Automation Specialist, AI Specialist, Digital marketing, etc.)

– Prepare students for the future:
Huge investment of information and communication 
technology (ICT) in schools across the world.

– However, an overall consensus about the relationship 
between students’ ICT use and academic achievement is 
lacking: positive, negative, and non-significant linear
relationships all being reported (Odell et al., 2020).



Ambivalent relationships

– PISA 2000 to 2012: students’ ICT use was negatively correlated 
with their science and mathematics achievements (Zhang & 
Liu, 2016) 

– PISA 2015: students’ ICT use outside school for leisure 
correlated positively with their academic achievements. (Hu et 
al., 2018; Gómez-Fernández & Mediavilla, 2021) 

– PISA 2015: ICT use at school and outside school for schoolwork 
correlate negatively with students’ academic achievements 
(Zhang & Liu, 2016; Hu et al., 2018)

– PISA 2018: ICT use for social interaction correlates negatively 
with students’ academic achievements (Navarro-Martinez & 
Peña-Acuña, 2022)



Ambivalent relationships

(Odell et al., 2020)
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Ambivalent relationships

The ambivalent results might arise from 

– imposing the assumption of a linear relationship

– neglecting the indirect effects of ICT use mediated by 
other ICT-related dispositions, such as, students’ 
cognitive-motivational engagement in ICT

– neglecting the hierarchical data structure inherited in 
many large-scale international assessment studies.
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Hierarchical data structure



Based on PISA 2018 dataset:

– Study One

• Sample: 15-year-old Hong Kong secondary students

• Examining the relationship between students’ ICT use and 
their academic achievements

– Study Two

• Sample: 15-year-old secondary students from 52 countries 

• Whether the phenomena unfolded in Study One can be 
found in other countries

• Examining the mediating role of students’ cognitive-
motivational engagement in ICT in the relationship between 
ICT use and their academic achievements

Two studies



Study One: The Nonlinear Relationship

Theoretical framework: the Opportunity-Propensity (O-P) 
framework (Byrnes & Miller, 2007)
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Antecedent factors:
enable or ‘explain the 

emergence of 
opportunities and 

propensities’ 

Learning

Opportunity factors: 
providing 

opportunities to 
learn content or 

practice skills

Propensity factors: 
learners’ “ability or 

willingness to learn”

Byrnes, J. P., & Miller, D. C. (2007). The relative importance of predictors of math and science achievement: An opportunity-
propensity analysis. Contemporary Educational Psychology, 32(4), 599–629. doi:10.1016/j.cedpsych.2006.09.002



ICT Use as Opportunity Factors
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Learning

ICT use at school 

ICT as a topic in social interactions

ICT use for outside-of-school learning 

ICT use for leisure



Control Variables: Antecedent Factors
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Learning

Gender

Immigrant Status

ICT available at home

Economic, Social, and Cultural Status (ESCS)

Age of first use of digital device 



Control Variables: Other Opportunity Factors and 
Propensity Factors
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Learning

Grade

ICT Literacy (Competence)

Attitude Toward Learning

Repeat a grade



Theoretical Framework

Academic 
Ach.

Math 
Ach.

Reading 
Ach.

Science 
Ach.

Antecedent Factors

Propensity Factors

Learning Outcomes

Opportunity Factors

ICT Use at School

ICT Use for Out-of-School Learning

ICT Literacy

ICT Use for Leisure

Attitude Toward Learning

ICT available at home

ICT Topic in Social Interactions

Gender

Repeat

Grade

ESCS

Immigrant

Age of first use of digital device 

The single line signifies the linear hypothesis; the double line signifies the non-linear hypothesis. 



Method: Sample

• Secondary data from 2018 cohort of Programme for 
International Student Assessment (PISA) 

• 15-year-old secondary students (enrolled in Grade 7 or 
above)

• A two-stage stratified random sampling design
➢ At least 150 schools were selected in proportion to their 

number of PISA-eligible 15-year-old students, 

➢ A list of 42 students (or all 15-year-old students if fewer than 
42 were enrolled) were selected with equal probability. 

• The target Hong Kong population: 51,328 students 

• Representative Sample: 6,037 students from 152 schools 
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Demographic Information of the Sample
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Student age Years

Mean 15.73

Minimum 15.25

Maximum 16.25

Grades N (%)

7 56 (0.9%)

8 315 (5.2%)

9 1,507 (25%)

10 4,108 (68.0%)

11 51 (0.8%)

Total 6,037



Instrument: ICT Use at School
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Cronbach’s α = .94; N =10

How often do you use digital devices for the following activities at school? 
(Please select one response in each row.)

Never 
or 

hardly 
ever 

Once 
or 

twice a 
month

Once 
or 

twice a 
week

Almost 
every 
day 

Every 
day

Chatting online at school.

Using email at school. 

Browsing the Internet for schoolwork.

Downloading, uploading or browsing material from 
the school’s website (e.g. intranet). 

Posting my work on the school’s website. 

Playing simulations at school.

Practicing and drilling, such as for foreign language 
learning or mathematics. 

Doing homework on a school computer.

Using school computers for group work and 
communication with other students.

Using learning apps or learning websites. 



Instrument: ICT Use for Outside-of-school Learning
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How often do you use digital devices for the following activities outside of school? 
(Please select one response in each row.)

Never 
or 

hardly 
ever 

Once 
or 

twice a 
month

Once 
or 

twice a 
week

Almost 
every 
day 

Every 
day

• Browsing the Internet for schoolwork 

• Browsing the Internet to follow up lessons

• Using email for communication with other students 

about schoolwork.

• Using email for communication with teachers and 

submission of homework or other schoolwork.

• Using social networks for communication with 

teachers.

• Downloading, uploading or browsing material from my 

school’s website.

• Checking the school’s website for announcements

• Doing homework on a computer / mobile device.

• Using learning apps or learning websites on a 

computer.

• Using learning apps or learning websites on a mobile 

device.

Cronbach’s α = .94; (N = 11)



Instrument: ICT Use for Leisure
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Cronbach’s α = .84; (N = 12)

How often do you use digital devices for the following activities outside of school? 
(Please select one response in each row.)

Never 
or 

hardly 
ever 

Once 
or 

twice a 
month

Once 
or 

twice a 
week

Almost 
every 
day 

Every 
day

Playing one-player games.

Playing collaborative online games.

Using email.

Chatting online (e.g. Whatsapp).

Participating in social networks 

Playing online games via social networks .

Browsing the Internet for fun (such as watching videos, 

Reading news on the Internet (e.g. current affairs).

Obtaining practical information from the Internet.

Downloading music, films, games or software from the 
Internet.

Uploading your own created contents for sharing.

Downloading new apps on a mobile device.



Instrument: Using ICT as a Topic in Social 
Interactions
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Cronbach’s α = .89; N = 5

Thinking about your experience with digital media and digital devices: to what extent do 
you disagree or agree with the following statements?
(Please select one response in each row.)

Strongly 
disagree

Disagree Agree
Strongly 

agree

To learn something new about digital devices, I like 
to talk about them with my friends.

I like to exchange solutions to problems with digital 
devices with others on the Internet.

I like to meet friends and play computer and video 
games with them.

I like to share information about digital devices with 
my friends.
I learn a lot about digital media by discussing with 
my friends and relatives.



Achievements and ICT use (Student Level)
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Achievement and ICT use (School Level)
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Brief Summary

30

The Hong Kong dataset of PISA 2018: 
‒ Non-linear, non-positive effects of ICT use on academic 

achievements
‒ In particular, ICT use at school has a negative effect on 

academic achievements at the student and school 
levels.

‒ ICT use outside school for schoolwork, leisure and social 
interaction have an inverted-U shaped relationship with 
academic achievements.



Study Two

Overarching Research Questions: 

‒ Are the non-linear relationships between ICT use and 
academic achievements consistent across different 
countries?

‒ Does ICT use affect students’ academic achievements 
indirectly via cognitive-motivational engagement 
(CME) in ICT, that is perceived autonomy, 
competence, and interest in ICT use?
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Study Two: Indirect Effect of ICT Use 

Guiding theory: Self-determination theory (SDT; Ryan & 
Deci, 2017). 

Satisfaction of these needs is essential for individuals’ 
optimal functioning and growth.
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Relatedness:
sense of cohesiveness and 

attachment to other people

Human’s three 
basic needs

Autonomy: control 
of their own lives

Competence: 
mastery over 

challenges

Autonomy in ICT use Competence in ICT use

Affection and interest in ICT use
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Academic 
Ach.

Math 
Ach.

Reading 
Ach.

Science 
Ach.

ICT Use at School

ICT Use for Out-of-
School Learning

ICT Use for Leisure

ESCS

Gender

ICT availability at 
School*

*: school and country levels only. Ach. = Achievement

CME in 
ICT

ICT 
Autonomy

ICT 
Competence

ICT 
Interest

Theoretical Framework



Method: Sample

‒ Secondary data from PISA 2018

‒ 250,163 PISA-eligible 15-year-old secondary students 

‒ 11,403 schools 

‒ 52 countries or economies 
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Instrument (Study 2): ICT Autonomy
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Instrument: ICT Competency
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Cronbach’s α = .92; N =5



Instrument (Study 2): ICT Interest
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Instrument (Study 2): ICT available at school 

‒ The number of available computers per student for 
educational purposes (N Computer / S)

‒ The proportion of Internet-connected computers at 
school available to students (% IC Computer)
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Result (Student Level; Standardized)



43

Result (Student Level; Unstandardized)

Note: The two vertical dotted lines on the left and right of the y-axis represent respectively 2.5 
percentile and 97.5 percentile of the variable on the x-axis).

The quadratic relationships between ICT use and 
academic achievements 
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Result (School Level; Standardized)
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Result (School Level; Unstandardized)

Note: The two vertical dotted lines on the left and right of the y-axis represent respectively 2.5 
percentile and 97.5 percentile of the variable on the x-axis).

The quadratic relationships between ICT use and 
academic achievements 



46

Result (Country Level; Standardized)



Discussion & Conclusion
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‒ Satisfaction of students’ basic psychological needs in a 
specific area such as ICT is likely to promote their optimal 
functioning in other areas such as learning.

‒ Providing students with more opportunities to orchestrate 
technologies in formal and informal contexts helps develop 
their CME and self-regulatory use of ICT for learning.

‒ Non-linear, non-positive effects of ICT use on academic 
achievement (consistent across countries). 

‒ The negative relationship between ICT use at school and 
academic achievements suggests that schools, in general, 
lack the full capacity to unleash the potential of technology 
in promoting learning and teaching.



Discussion & Conclusion
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‒ At the country level, building a robust ICT infrastructure 
and ensuring students’ access to online ICT resources at 
schools are conducive to promoting students’ 
performance.
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Thank you!

sandyli@hkbu.edu.hk


