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Technology is impacting our daily time use

during travel
at work

at home

https://www.smartnation.gov.sg/initiatives/autonomous-vehicles/

https://www.surgicalroboticstechnology.com/suppliers/modules-components/robotic-arms/

https://ayoubcomputers.com/eufy-clean-by-anker-robovac-g32-pro-robot-vacuum-t2259z11/



Debbaghi, F. Z., Kroesen, M., De Vries, G., & 

Pudāne, B. (2024). Daily schedule changes in the 

automated vehicle era: Uncovering the 

heterogeneity behind the veil of low survey 

commitment. Transportation Research Part A: Policy 

and Practice, 182, 104006.

Empirical activity schedules

Multitasking during 

travel

1st task – a current mode

2nd task – automated vehicle

Pudāne, B. (2021). Time Use and Travel Behaviour

with Automated Vehicles. 

https://pure.tudelft.nl/ws/portalfiles/portal/94080548/

Baiba_Pudane_final_thesis.pdf
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Empirical activity schedules
5 latent clusters
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Future of work*

* Future of work - how work will get done over the next decade due to the influence of technological, generational, and social shifts.

(HR glossary: https://hrforecast.com/hr-glossary/future-of-work/)
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Time use in the future of work – what is changing?
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Future of work
Multitasking* 

Fragmentation**

Productivity

Well-being

Stress, burnout

Circella, G., Mokhtarian, P. L., & Poff, L. K. (2012). A conceptual typology of multitasking behavior and 
polychronicity preferences. Electronic International Journal of Time Use Research, 9(1).

* Multitasking - the performance of more than one task at the same time.

** Fragmentation - the process or state of breaking or being broken into 
fragments. [In transport: space and time fragments of activities.]

(Oxford dictionary)

Circella et al. (2012): they are the ‘same’
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Future of work
Multitasking 

Fragmentation

Productivity

Well-being

Stress, burnout

(2003)
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Time use in the future of work – why care?
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Future of work
Multitasking 

Fragmentation

Productivity

Well-being

Stress, burnout

G e n e r a l  g o a l :

D e s i g n  s u c h  f u t u r e  o f  w o r k
e n v i r o n m e n t s ,  f l o w s  a n d  

p o l i c i e s  t h a t  i m p r o v e  
p r o d u c t i v i t y  a n d  w e l l - b e i n g ,  a n d  

r e d u c e  s t r e s s  a n d  b u r n o u t

Tr a n s p o r t - r e l a t e d  g o a l :

U n d e r s t a n d  h o w  e n v i r o n m e n t a l  
w o r k - f r o m - h o m e  o r  h y b r i d  w o r k  

p o l i c i e s  m a y  i n f l u e n c e  
p r o d u c t i v i t y  a n d  w e l l - b e i n g
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Time use in the future of work – what changes?

10

Physical work
automation, shift to supervisory role

https://blog.spjain.org/thought-leadership/disruptive-technologies/adapting-creating-jobs-age-ai

Knowledge work
ICT, AI, home-office, post-COVID

In and out of work
connectedness, flexibility expectation

https://www.rock.so/blog/myth-of-multi-tasking

https://martech.org/sms-marketing-often-forgotten-goldmine-good-mobile-strategy/

Multitasking 
Fragmentation

Example: Accounting 

Activity durations ↓ Tax preparation – from hours 

to seconds

Resource use ↓ No more manual calculations

Activity fragments 

& interruptions ↓↑

Notifications from accounting 

systems; lower dependence 

on approvals

Nature: different From manual record-keeping 

to financial advisor role
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Today: theoretical demonstration
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Working hours & Schedule utility: vary α

Office Office + home Office + ICT
Office + home + 

ICT

Time-use model

Productivity objective 
= min Working hours

Satisfaction objective 
= max Activity utility

U = max Satisfaction 
+ α * Productivity

Imagined work activity list

Utility; time; (mental) 
resources share

Multitasking  penalties  
for utility & time

Fragmentation 
penalties for utility

Activity

With limited ICT use With extended ICT use

Utility Time Resources Utility Time Resources

At

work

At

home

At work At

home

At

work

At

home

At work At

home

Meeting 5 -10 1.2 2 1 1 1 1 1 1

Creative

work

5 6 3 4 1 6 7 3 4 0.8

Routine

work

3 3 3.5 3.5 0.5 2 2 1 1 0.1

Planning 2 2 0.3 0.5 0.5 2 2 0.2 0.25 0.5

Doing act.

↓ simult.

with act.

→

Meeting Creative work Routine work Planning

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Meeting 0 1 -0.5 1 -0.5 1 -0.5 1

Creative

work

-0.3 0.05 0 1 -0.3 0.8 -0.3 0.2

Routine

work

0 0.9 0 0.9 0 1 0 0.5

Planning 0 0.3 0 0.4 0 0.5 0 1
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Today: theoretical demonstration

Workplace only; 
extended automatin / ICT options

Workplace and home office; limited automation / ICTWorkplace only; limited automation / ICT

Workplace & home office; 
extended automation / ICT options



Time-use model: results illustration

Hours Activity and mode

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

Travel 30 min

Online meeting at home 1 h

Travel 30 min

Creative work 55 
min *

Planning 15 min

18%

Creative work at work 2 h 18 min

Routine work 55 
min * 82%

76%

Creat 12 min * Rout 12 min * 18%5%

Hours Activity and mode

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

Travel 30 min

Meeting at work 1 h 12 min

Travel 30 min

Creative work at home 4 h

Routine work 
at home 3 h 45 

min *

Planning 30 min *

𝛼 = 0 𝛼 = 20

Duration: 10 h

Schedule utility: 13

Duration: 5.7 h

Schedule utility: 6.3



FAQ – how about data?
1. Time-use data 

• Multitasking, fragmentation at all times

• Telework & COVID. Isolate the well-being impact of multitasking/ fragmentation from (lack of) commute, 
social contacts, etc. 

2. Data from (physical) work settings

• Introduction of automation, new machine, automated reporting, etc.

• Isolate the well-being impact of the change in time-use from the reduction physical work, from the change 
in management

3. Qualitative:

• How has your time-use changed over the years? 

• Isolate from life-events

4. Decision utility: 

• How people choose and adjust (automation, ICT) tools anticipating their time-use impacts? 

• Employees’ and employers’ perspectives

Ultimately: derive guidance for future of work developments & policies!



To sum up…

Baseline daily activity patterns are evolving

• Some evolution directions are known (i.e., more multitasking & fragmentation)

• Travel behaviour implications depend on home & workplace characteristics

• Possibility for well-being losses

• How can our modelling expertise help to design remedies?

Interested to collaborate?

Suggestions & comments?

 b.pudane@tudelft.nl



Thank you!
16-12-2024

Your perspectives, 

experiences, 

and ideas!

Time 
use

Travel 
behaviour

Automated 
vehicles

Future of 
work
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• Other emerging time-use behaviours

• Irregularity / variability / flexibility

• Fragmentation due to interruptions

• Procrastination

• Continuous partial attention

• Role of time-use preferences –

e.g., integration or segmentation of life domains

• Differentiation between helpful and harmful breaks

Time-use model: wishlist

(2003)



• What is productivity?

• Definition: the ability to do as much work as possible in a particular period

https://dictionary.cambridge.org/dictionary/english/productivity

• Current operationalisation: time taken complete all work tasks

• Focus on quantity, not quality

• Can we truly multitask?

• Are activities completed or have diminishing returns?

• Are we as individuals optimising?  Bounded rationality

• Technology  expanding choice sets. Choice overload

Time-use model: FAQ

https://dictionary.cambridge.org/dictionary/english/productivity
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Cluster profiles – schedules with AVs
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Cluster profiles – schedules with AVs

Instruction video times: 119.1 s (cluster 1), 113.5 s (cluster 2), 167.7 s (cluster 3), 176.6 s (cluster 4), 149.4 s (cluster 5)



Research agenda

• Theoretical. Understand (and model) what new 
time-use patterns emerge in the future of work 

• Empirical. Understand when / for whom / in what 
contexts the new patterns (e.g., multitasking & 
fragmentation) are beneficial for productivity and 
well-being

• Methodological. Find ways to estimate thorny 
microeconomic time-use models; include 
multitasking and fragmentation in activity-based 
models

12/16/2024 22

Interested to collaborate?

Suggestions & comments?

 b.pudane@tudelft.nl
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Schedule when 𝛼 = 0 – maximise satisfaction
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Activity

With limited ICT use With extended ICT use

Utility Time Resources Utility Time Resources

At

work

At

home

At work At

home

At

work

At

home

At work At

home

Meeting 5 -10 1.2 2 1 1 1 1 1 1

Creative

work

5 6 3 4 1 6 7 3 4 0.8

Routine

work

3 3 3.5 3.5 0.5 2 2 1 1 0.1

Planning 2 2 0.3 0.5 0.5 2 2 0.2 0.25 0.5

Doing act.

↓ simult.

with act.

→

Meeting Creative work Routine work Planning

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Meeting 0 1 -0.5 1 -0.5 1 -0.5 1

Creative

work

-0.3 0.05 0 1 -0.3 0.8 -0.3 0.2

Routine

work

0 0.9 0 0.9 0 1 0 0.5

Planning 0 0.3 0 0.4 0 0.5 0 1

Activity parameters:

Multitasking parameters:

7%

100%

Hours Activity and mode

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

Travel 30 min

Meeting at work 1 h 12 min

Travel 30 min

Creative work at home 4 h

Routine work 
at home 3 h 45 

min *

Planning 30 min *

• Overlapping time prolongs activity (with 1/𝜂)
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Schedule when 𝛼 = 20 – maximise productivity
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Activity

With limited ICT use With extended ICT use

Utility Time Resources Utility Time Resources

At

work

At

home

At work At

home

At

work

At

home

At work At

home

Meeting 5 -10 1.2 2 1 1 1 1 1 1

Creative

work

5 6 3 4 1 6 7 3 4 0.8

Routine

work

3 3 3.5 3.5 0.5 2 2 1 1 0.1

Planning 2 2 0.3 0.5 0.5 2 2 0.2 0.25 0.5

Doing act.

↓ simult.

with act.

→

Meeting Creative work Routine work Planning

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Meeting 0 1 -0.5 1 -0.5 1 -0.5 1

Creative

work

-0.3 0.05 0 1 -0.3 0.8 -0.3 0.2

Routine

work

0 0.9 0 0.9 0 1 0 0.5

Planning 0 0.3 0 0.4 0 0.5 0 1

Activity parameters:

Multitasking parameters:

7%

100%

• Overlapping time prolongs activity (with 1/𝜂)

Hours Activity and mode

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

Travel 30 min

Online meeting at home 1 h

Travel 30 min

Creative work 55 
min *

Planning 15 min

18%

Creative work at work 2 h 18 min

Routine work 55 
min * 82%

76%

Creat 12 min * Rout 12 min * 18%5%
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Jett, Q. R., & George, J. M. (2003). Work interrupted: A closer look at the role of 

interruptions in organizational life. Academy of management Review, 28(3), 494-507.

Time-use model: wishlist
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Time-use model: an illustrative example
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Activity

With limited ICT use With extended ICT use

Utility Time Resources Utility Time Resources

At

work

At

home

At work At

home

At

work

At

home

At work At

home

Meeting 5 -10 1.2 2 1 1 1 1 1 1

Creative

work

5 6 3 4 1 6 7 3 4 0.8

Routine

work

3 3 3.5 3.5 0.5 2 2 1 1 0.1

Planning 2 2 0.3 0.5 0.5 2 2 0.2 0.25 0.5

Doing act.

↓ simult.

with act.

→

Meeting Creative work Routine work Planning

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Utility

penalty

(𝜙)

Time

efficiency

(𝜂)

Meeting 0 1 -0.5 1 -0.5 1 -0.5 1

Creative

work

-0.3 0.05 0 1 -0.3 0.8 -0.3 0.2

Routine

work

0 0.9 0 0.9 0 1 0 0.5

Planning 0 0.3 0 0.4 0 0.5 0 1

Activity parameters:

Multitasking parameters:

4 activities

Different utility (satisfaction) and time requirements (efficiency) Choice of 
technology 
support

Technology support 
saves (mental) 
resources

Any 2 (but not 3) 
activities may be 
‘multitasked’ 
resulting in lower 
utility and time 
efficiency (Time*1/η)

Choice of activity location

Penalty for 
fragmentationNot in the model: interruptions due to ICT use  multitasking & fragmentation underestimated



Time-use model: two objectives

min𝑊𝑇 𝑋 =

𝑙∈𝐿



𝑖,𝑗∈𝐼∪ ሚ𝐼,
𝑖≤𝑗

𝑥𝑖𝑗
𝑙 𝑇𝑖

𝑙 1

𝜂𝑖𝑗
,

max𝑈 𝑋 =

𝑙∈𝐿



𝑖,𝑗∈𝐼∪ሚ𝐼

𝑥𝑖𝑗
𝑙 𝑈𝑖

𝑙 + 𝑇𝑖
𝑙
𝜙𝑖𝑗

𝜂𝑖𝑗
+ 

𝑖,𝑗∈𝐼∪ሚ𝐼,
𝑖≤𝑗

𝜓𝑦𝑖𝑗
𝑙 + 𝑧𝑙𝑈𝑇𝑇𝑇𝑇𝑙 − 𝛂𝐖𝐓(𝐗),

Minimise work time WT

(Max. productivity, leisure time)

Maximise utility U

𝜶0

productivity

Parameter 𝛼 determines the balance between objectives:

satisfaction 

(Max. satisfaction, well-being)



Time-use model: constraints
𝑅𝑖
𝑙 + 𝑅𝑗

𝑙 − 1 𝑥𝑖𝑗
𝑙 ≤ 0,

∀𝑖, 𝑗 ∈ 𝐼 ∪ ሚ𝐼,

∀𝑙 ∈ 𝐿,



𝑙∈𝐿



𝑗∈𝐼∪ሚ𝐼

𝑥𝑖𝑗
𝑙 = 1 ∀𝑖 ∈ 𝐼 ∪ ሚ𝐼,

𝑥𝑖𝑗
𝑙 𝑇𝑖

𝑙𝜂𝑗𝑖 − 𝑥𝑗𝑖
𝑙 𝑇𝑗

𝑙𝜂𝑖𝑗 = 0
∀𝑖, 𝑗 ∈ 𝐼 ∪ ሚ𝐼,

∀𝑙 ∈ 𝐿,

𝑥𝑖𝑗
𝑙 ≤ 𝑦𝑖𝑗

𝑙 ∀𝑖, 𝑗 ∈ 𝐼 ∪ ሚ𝐼,

∀𝑙 ∈ 𝐿,

𝑦𝑖𝑗
𝑙 ≤ 𝐺𝑥𝑖𝑗

𝑙 ∀𝑖, 𝑗 ∈ 𝐼 ∪ ሚ𝐼,

∀𝑙 ∈ 𝐿,



𝑖,𝑗∈𝐼∪ሚ𝐼

𝑥𝑖𝑗
𝑙 ≤ 𝑧𝑙 ∀𝑙 ∈ 𝐿,

𝑧𝑙 ≤ 𝐺 

𝑖,𝑗∈𝐼∪ሚ𝐼

𝑥𝑖𝑗
𝑙

∀𝑙 ∈ 𝐿,

𝑥𝑖 ǁ𝑖
𝑙 = 0 ∀𝑖 ∈ 𝐼, ∀𝑙 ∈ 𝐿,

𝑥𝑖𝑗
𝑙 ∈ [0,1]

∀𝑖 ∈ 𝐼, ∀𝑗 ∈ 𝐼,

∀𝑙 ∈ 𝐿,

𝑦𝑖𝑗
𝑙 , 𝑧𝑙 ∈ 0,1

∀𝑖 ∈ 𝐼, ∀𝑗 ∈ 𝐼,

∀𝑙 ∈ 𝐿.

(Mental) resources not exceeded

Tasks are completed

Technical constraints
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