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Skilling or deskilling when working 
with collaborative robots?
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 Published 1983
 More than 2800 

citations
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The ironies
A shift from manual execution to automation:
 Workers are left with two main tasks:

- Monitoring
- Problem solving

 Most industrial processes are complex and require 
extensive operator experience
- Monitoring does not contribute to experience as much as manual 

execution
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The ironies
A shift from manual execution to automation:
 Workers are left with two main tasks:

- Monitoring
- Problem solving

 Most industrial processes are complex and require 
extensive operator experience
- Monitoring does not contribute to experience as much as manual 

execution

Irony: We are left with long-term inexperienced 
workers asked to assess and address 

increasingly complex problems in automated 
processes
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Operation in 
different phases:
 Learning
 Operation
 Disruptive

Li et al. (2022)



20/05/2024

his.se/erikb



20/05/2024

his.se/en

What happens when we collaborate?

http://www.his.se/en
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“When we can’t use robots,
we must make humans into robots”

http://www.his.se/en
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What happens to the workers?

http://www.his.se/en


What does the literature say?
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Increased support is good!
• VR and AR allows for 

situated learning
• Improved performance 

here and now
• Reduced mistakes
• Faster on-boarding
• Better compliance with 

standards

Learning requires retrieval!
• Retrieval practice improves learning 

and retention
• More support can lead to less memory 

retrieval, and has been linked to 
reduced retention

• Increased support may have negative 
effects on problem solving

• Increased dependency on instructions

Karpicke and Roediger (2008), Wiklund-Hörnqvist et al. (2021), Stillesjö et al. (2022).
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Testing effect Karpicke, J. D. & Roediger, H. L., Science 
(2008)

 40 undergraduate students were engaged in word pair 
learning (Swahili-English)

 Rehearsing was conducted in four conditions:
- ST: Repeat all 40 words independently of performance
- SNT: Drop learned words during study, but repeat all words during test

- STN: Repeat all words during study, but drop learned words from test

- SNTN: Remove learned words from both study and test sessions
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Testing effect Karpicke, J. D. & Roediger, H. L., Science 
(2008)

 40 undergraduate students were engaged in word pair 
learning (Swahili-English)

 Rehearsing was conducted in four conditions:
- ST: Repeat all 40 words independently of performance
- SNT: Drop learned words during study, but repeat all words during test

- STN: Repeat all words during study, but drop learned words from test

- SNTN: Remove learned words from both study and test sessions

Naïve approach, everyone 
do the same 

independently of skill.

Individualized approach: 
Focus on what the student 

does not know!
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Testing effect Karpicke, J. D. & Roediger, H. L., Science 
(2008)

 ST – repeat all
 SNT – dropped when 

learned, come back in later 
sessions

 STN – Dropped in all later 
sessions

 SNTN – Dropped entirely
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Testing effect Karpicke, J. D. & Roediger, H. L., Science 
(2008)
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 ST – repeat all
 SNT – dropped when 

learned, come back in later 
sessions

 STN – Dropped in all later 
sessions

 SNTN – Dropped entirely
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Thank you!
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Testing the testing effect in VR

Initial 
training:

Both groups 
receive training 

with 
instructions

Group 1 receives 
continued training 
with instructions

Group 2 receives 
testing without 

instructions

Final test:
Both groups 

receive testing 
without 

instructions

Pause

Session A Session B Session C
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Testing the testing effect in VR

Initial 
training:

Both groups 
receive training 

with 
instructions

Group 1 receives 
continued training 
with instructions

Group 2 receives 
testing without 

instructions

Final test:
Both groups 

receive testing 
without 

instructions

Pause

Session A Session B Session C

Hypothesis: Group 2 shows better performance at 
the final test in Block C, compared to Group 1.

Performance is measured in terms of sequence 
memory (correctly assembled items) and time.
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Design for competence!

- Allow the user to do the task with the support of 
intelligent tools

- Fully or partly automated processes lead to deskilling
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Design for competence!

- Allow the user to do the task with the support of 
intelligent tools

- Fully or partly automated processes lead to deskilling

So where is the 
border between 

these two?
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