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Milestones of digital technology in 
education and society
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Milestones of digital technology in 
education and society
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First GUIs
(Apple 
Mac, 

Atari ST, 
Amiga…) Windows 3.1 

(breakthrough)

„Web 2.0“ first 
mentioned

Facebook counts 
100 million users

Facebook counts 
1 billion users

Public launch of ChatGPT: 
„Disruptive Educational 

Technology“ 
(Frith, 2023, p. 198)?

Emergency Remote 
Teaching (Bozkurt & 

Sharma, 2020)
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What are teachers’ challenges in the era of  generative AI?



5

AI Competency Frameworks for Teachers 
(e.g., UNESCO, 2024)

UNESCO (2024, p. 22)
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AI Competency Frameworks for Teachers 
(e.g., UNESCO, 2024)

UNESCO (2024, p. 22)
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Thou 
shalt…!



„Web 2.0“ first 
mentioned

Facebook counts 
100 million users

Facebook counts 
1 billion users

Public launch of ChatGPT: 
„Disruptive Educational 

Technology“ 
(Frith, 2023, p. 198)?

Emergency Remote 
Teaching (Bozkurt & 

Sharma, 2020)

First GUIs
(Apple 
Mac, 

Atari ST, 
Amiga…)
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The world today’s pre-service teachers grew up in
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Year of birth



8

Research on relations between overall views on digital (or digitally supported) 
teaching and learning on AI-specific features is a new field:

• Positive associations have been found between general digital competence 
beliefs and attitudes and their AI-specific counterparts (Lucas et al., 2024; 
Galindo-Domínguez et al., 2024).

• AI-related attitudes are linked to usage and intention to use AI (Zhang et al., 
2023; Runge et al., 2025; Kaplan-Rakowski et al., 2023; Wang et al., 2021).

Emerging Research on Teachers’ Views on AI
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1. How are pre-service teachers’ overall views on digital technology structured?
• These views have been acquired across the whole life-span
• Views refer to both competence (self-ratings) and attitudes, instruments widely available
• Method: exploratory factor analysis on scale level

2. How are pre-service teachers’ views on teaching and learning with AI structured?
• Generative AI in schools is (only) a recent issue
• Items on AI-specific competence (self-ratings) and attitudes were developed in dialogue 

with preparatory service teacher educators 
• Method: exploratory factor analyses on item level

3. How do overall digital views (RQ1) impact AI-specific views (RQ2)?
• Method: structural equation modelling, with exploratory elements
• Data are cross-sectional, BUT: temporal sequence implies a causal order

Research Questions
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Methods and Study Design

• 2: Development of AI Competence & Attitudes

• RQ 3: Development of AI usage

• RQ 4: Predictors of AI-related constructs
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German Teacher Education embraces two stages:
• 1st stage : university-based full BA/MA programme, typically 5-6 years, focus on theory
• 2nd stage: ‘preparatory service’ guided by ministry-run training institutes, 1 ½ yr., focus on practice
• Coherence between stages is vividly proclaimed, but incomplete in reality
• As training institutes are not scientific institutions, most research on TE is on 1st stage

Project Outline and Rationale
• Bring (future) teachers’ digital competence forward, based on evidence from survey
• Quantitative online survey on pre-service teachers in 2nd stage, 2nd stage practitioners were involved in 

designing instrumentation in bottom-up approach

Sample characteristics (in first measurement occasion, voluntary participation)
• N = 918 PST, out of 1625 (56%) ; 76.5 % females / 23.2 % male; MD age 27 yr. (P10 = 25, P90 = 32)
• 60.8 % of sample aiming at primary education, 3.5 % at lower secondary, 36.4 % at full secondary
• Content domains: most frequently German (50.9%), Mathematics (24.4 %), English AFL (19.6%) 
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Research Context and Sample
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Findings
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• Self-rated competence based on DigCompEdu: 
Quast et al. (2023), seven scales; e.g.: ‘lesson planning’, 
‘facilitating students’ digital competence’

• Self-rated competence based on TPACK: 
TK-related scales from TPACKxs; Schmid et al. (2020): 
TK, TCK, TPK, ans TPCK

• Attitudes towards teaching and learning with digital technology:
scales from Hawlitschek & Fredrich (2018, adapted), Gerick et al. (2018), Rubach & Lazarides 
(2019) expressing both positive and negative attitudes
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Instruments on overall views on digitalization (RQ 1)
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RQ 1: Structure of overall views on digitalization 
EFA on scales from established instruments 
yielded four factors:
(Principal axis factoring, all primary loadings > .40, 
all secondary loadings < .40)

• Factor 1: All DigCompEdu scales 
(“Proximal digital competence”)

• Factor 2: “Positive attitudes” 
(across instruments)

• Factor 3: All (technical) TPACK scales 
(“Distal digital competence”)

• Factor 4: “Negative attitudes” 
(across instruments)
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For two reasons, we did not draw upon established 
scales on AI:
• First, no such scales were available in German in early 2024
• Second, project outline had it that second-stage teacher education 

practitioners were involved in survey instrumentation in a bottom-up 
approach 

Items compiled in dialogue were heuristically 
assigned to three categories:
• Self-ascribed AI competence
• Attitudes towards using generative AI school and classroom
• (Individual) Intentions to use AI
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Instruments on AI-related views (RQ 2)
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Items were submitted to EFA category-wise
Category I - Attitudes: Two factors (covering 63.8 % of item variance)

• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence: One factor (covering 50.8 % of item variance)

• “AI-specific competence”

Category III - Intentions: Two factors (covering 67.3 % of item variance)

• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views
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Items were submitted to EFA category-wise
Category I - Attitudes: Two factors (covering 63.8 % of item variance)

• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence: One factor (covering 50.8 % of item variance)

• “AI-specific competence”

Category III - Intentions: Two factors (covering 67.3 % of item variance)

• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views
By rofessionally applying
AI, the quality of teaching 

and learning in the 
classroom is fostered. 
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Items were submitted to EFA category-wise
Category I - Attitudes: Two factors (covering 63.8 % of item variance)

• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence: One factor (covering 50.8 % of item variance)

• “AI-specific competence”

Category III - Intentions: Two factors (covering 67.3 % of item variance)

• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views

The regular use of AI 
thwarts students’ 

willingness to exert effort.
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Items were submitted to EFA category-wise
Category I - Attitudes: Two factors (covering 63.8 % of item variance)

• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence: One factor (covering 50.8 % of item variance)

• “AI-specific competence”

Category III - Intentions: Two factors (covering 67.3 % of item variance)

• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views

I know how to formulate prompts 
and commands in AI tools in order 

to achieve specific outcomes.
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Items were submitted to EFA category-wise
Category I - Attitudes: Two factors (covering 63.8 % of item variance)

• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence: One factor (covering 50.8 % of item variance)

• “AI-specific competence”

Category III - Intentions: Two factors (covering 67.3 % of item variance)

• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views

I use AI to prepare the 
contents of my teaching units
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Items were submitted to EFA category-wise
Category I - Attitudes: Two factors (covering 63.8 % of item variance)

• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence: One factor (covering 50.8 % of item variance)

• “AI-specific competence”

Category III - Intentions: Two factors (covering 67.3 % of item variance)

• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views

I pay attention that my 
tasks for students 

regularly encourage 
them to use AIEAPRIL 2025 - Valletta



Category I - Attitudes:
• “Positive potentials of (generative) AI”
• “Apprehensions concerning AI” 

Category II – Competence:
• “AI-specific competence”

Category III - Intentions:
• “AI-intention: facilitate lesson planning”
• “AI-intention: fostering students’ learning”

RQ 2: Structure of AI-specific views
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Proximal Dig.
Competence

Distal Dig.
Competence

Positive
Attitudes

Negative
Attitudes

Pos. Att to AI
(Potentials)

Neg. Att to AI
(Apprehen-

sions)

AI
Competence

AI Intention -
Student
Learning

AI Intention -
Lesson

Planning

.53

.39

.17

.29

.17

.31

.19

.24

.25

R² = .28

R² = .15

R² = .29

R² = .12

R² = .06

RQ 3: Impact of overall digital views on AI-specific views
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Χ² = 2042.3, df = 528, CFI = .913, TLI = .902, RMSEA = .056, SRMR = .061

23



24

Discussion: What can we learn from this?
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Summing up the pattern of influence on AI views
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Positive attitudes to AI 
solely depend on overall 

positive attitudes



Proximal Dig.
Competence

Distal Dig.
Competence

Positive
Attitudes

Negative
Attitudes

Pos. Att to AI
(Potentials)

Neg. Att to AI
(Apprehen-

sions)

AI
Competence

AI Intention -
Student
Learning

AI Intention -
Lesson

Planning

.53

.39

.17

.29

.17

.31

.19

.24

.25

R² = .28

R² = .15

R² = .29

R² = .12

R² = .06

26

Summing up the pattern of influence on AI views
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The same is true for 
negative attitudes to AI
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Summing up the pattern of influence on AI views
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Depends on proximal 
AND distal competence 
(plus positive attitudes)
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Summing up the pattern of influence on AI views
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To actually use AI in 
student learning requires 
distal competence plus a 
deepened/critical view on 
digitalization on a whole 
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Summing up the pattern of influence on AI views
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This intention is, in 
contrast, only fuelled by 

positive attitudes
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Attitudes to AI in schools do not “fall from the sky” but depend on attitudes towards 
digitalization on a whole.

This may, in turn, suggest that teacher education curricula do not necessarily have to develop 
pathways to specifically reflect on AI, instead a “sound” understanding of digital teaching and 
learning should be envisaged.

(Perceived) competence in AI does depend on both proximal and distal competence 
(plus positive attitudes).

Hence, (future) teachers’ “ordinary” digital competence should be brought forward in TE 
programmes in the first place.

Most importantly, PST’s intention to actively use AI in the classroom to ameliorate 
students’ learning requires abstract (distal) mastery plus a differentiated approach to 
digital technology (seeing both benefits and risks).

TE programmes should, in consequence, address both aspects.

(Possible) Take-Home-Messages
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Thank you!
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