
Predictions

References:
1 Nijboer, M., Borst, J.P., van Rijn, H., Taatgen, N.A., 2016. Driving and multitasking: The good, the bad, and the dangerous. Frontiers in Psychology 7, 1–16. doi:10.3389/fpsyg.2016.01718.
2 Martens, M.H., Brouwer, R.F., 2013. Measuring being lost in thought: An exploratory driving simulator study. Transportation Research Part F: Traffic Psychology and Behaviour 20, 17–28. doi:10.1016/j.trf.2013.04.002.
3 Pepin, G., Fort, A., Jallais, C., Moreau, F., Ndiaye, D., Navarro, J., Gabaude, C., 2021. Impact of MW on visual information processing while driving: An electrophysiological study. Applied Cognitive Psychology 35, 508–516. doi:10.1002/acp.3773.
4 Baldwin, C. L., Roberts, D. M., Barragan, D., Lee, J. D., Lerner, N., & Higgins, J. S. (2017). Detecting and Quantifying Mind Wandering during Simulated Driving. Frontiers in Human Neuroscience, 11, 406. doi:10.3389/fnhum.2017.00406
5 Smallwood, J., 2011. MW While Reading: Attentional Decoupling, Mindless Reading and the Cascade Model of Inattention. Language and Linguistics Compass 5, 63–77. doi:10.1111/j.1749-818X.2010.00263.x.
6 He, J., Becic, E., Lee, Y.C., McCarley, J.S., 2011. Mind Wandering Behind the Wheel: Performance and Oculomotor Correlates. Human Factors: The Journal of the Human Factors and Ergonomics Society 53, 13–21. doi:10.1177/0018720810391530.
7 Engström, J., Markkula, G., Victor, T., Merat, N., 2017. Effects of Cognitive Load on Driving Performance: The Cognitive Control Hypothesis. Human Factors 59, 734–764. doi:10.1177/0018720817690639.
8 Yanko, M.R., Spalek, T.M., 2014. Driving With the Wandering Mind: The Effect That MW Has on Driving Performance. Human Factors 56, 260–269. doi:10.1177/0018720813495280.
9 He, J., McCarley, J.S., Kramer, A.F., 2014. Lane keeping under cognitive load: Performance changes and mechanisms. Human Factors 56, 414–426. doi:10.1177/0018720813485978
10 Burdett, B.R., Charlton, S.G., Starkey, N.J., 2018. Inside the commuting driver’s wandering mind. Transportation Research Part F: Traffic Psychology and Behaviour 57, 59–74. doi:10.1016/j.trf.2017.11.002.
11 Burdett, B.R., Charlton, S.G., Starkey, N.J., 2019. Mind wandering during everyday driving: An on-road study. Accident Analysis & Prevention 122, 76–84. doi:10.1016/j.aap.2018.10.001.
12 Alsaid, A., Lee, J.D., Roberts, D.M., Barrigan, D., Baldwin, C.L., 2018. Looking at Mind Wandering During Driving Through the Windows of PCA and t-SNE. Proceedings of the HFAES Annual Meeting 62, 1863–1867. doi:10.1177/1541931218621424.
13 van Vugt, M., Taatgen, N., Sackur, J., Bastian, M., 2015. Modeling MW: A tool to better understand distraction, in: Proceedings of the 13th International Conference on Cognitive Modeling, p. 252.
14 Bencich, E., Gamboz, N., Coluccia, E., Brandimonte, M.A., 2014. When the Mind “Flies”: The Effects of MW on Driving. EUT Edizioni Università di Trieste.
15 Walker, H.E., Trick, L.M., 2018. MW while driving: The impact of fatigue, task length, and sustained attention abilities. Transportation Research Part F: Traffic Psychology and Behaviour 59, 81–97. doi:10.1016/j.trf.2018.08.009.
16 Salvucci, D. D. (2006). Modeling driver behavior in a cognitive architecture. Human Factors, 48(2), 362–380. doi:10.1518/001872006777724417.
17 Borst, J. P., Taatgen, N. A., & van Rijn, H. (2010). The Problem State: A Cognitive Bottleneck in Multitasking. Journal of Experimental Psychology: Learning Memory and Cognition, 36(2), 363–382. doi:10.1037/a0018106.

Moritz Held1,2, Andreea Minculescu1, Jochem W. Rieger2, Jelmer P. Borst1 
1University of Groningen, Bernoulli Institute | Department of Artificial Intelligence 
2University of Oldenburg, Department of Psychology | Department of Applied Neurocognitive Psychology

Preventing mind-wandering during driving 
Predictions on potential interventions using a cognitive model

moritz.held@uol.de

Model overview

Intervention models

      

       

 

 

  

     

            

  

    

              

      

            

      

      

     

           

          

     
      

  

      

       
  

      

  

      

       

      

 

 

 

a) Superficial listening stream employed to

process mild load

b) Deep processing listening stream warning model employed to process

intermediate load

Introduction

We derived 4 core assumptions from 

the empirical literature:

1. MW while driving has a negative effect on driving performance by lowering the 

(visual) attentional involvement in the driving task2, 3, 4, 5, 6

2. The effects of MW seem reversible when a minor additional task is introduced1, 7, 

8, 9 or when the driving situation becomes more demanding10, 11, 12

3. MW seems to be functionally and behaviorally different from 

regular secondary tasks and cannot be adequately 

simulated by models of multitasking8, 13, 14, 15

4. MW appears to induce periods, in which no 

substantial updates are made to the main task13, 15, 12

               In this study, we made predictions on the effects of

         different interventions by assistive systems designed to 

prevent MW while driving. Among others, Nijboer and colleagues1 have shown that a 

simple secondary task can improve driving performance when the driving scenario is 

mundane. The authors hypothesized that if the driving task is simple, people might 

start mind-wandering (MW), which interferes with driving. To test the effect of 

different interventions to prevent MW on driving performance, we combined three 

ACT-R models that have been tested in isolation: a driving model16, a MW model13 

and a listening model17 for a total of six models.

Model
Load induced during 

Driving

Load induced during 

MW

Driving model None None

MW + driving model None None

Mild load model Mild load Mild load

Intermediate load model Intermediate load Intermediate load

Warning model None Intermediate load

Mild load + warning model mild load Intermediate load

We induced different amounts of load during specific 

times and thereby simulated the effects of an assistive 

system that attempts to improve driving performance by 

preventing MW.  We simulated two continuous load models 

(mild load model, intermediate load model) and two adaptive load 

models (warning model, mild load + warning model).

          Mild load

            intervention lowest

      amount of MW

  Adaptive interventions show 

higher amount of MW

Discussion• The MW + driving model shows how driving performance decreases 

    when MW occurs

• The continuous load models show the cost/benefit trade-off of manipulating workload

• The adaptive models show that there may be switching costs to new stimuli, which could 

suggest that maintaining a certain amount of load may outperform an adaptive system

• These models could be used to inform the design of future automation systems attempting 

to increase safety by lowering mind-wandering during driving
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Processing cost

• Surprisingly, adaptive  

interventions models 

take a longer time to 

interrupt MW

Model Delay

Intermediate load model 0.55s

Warning model 0.78s

Mild load + warning model 0.75s

 

            

  

    

              

      

            

      

      

     
            

      

 

 

 

Theoretical assumptions

• Mild load intervention shows the 

best effect on driving performance

• Adaptive interventions perform 

worse than continuous 

interventions

• Mild load + warning model shows 

the lowest driving performance 

despite interrupting MW sooner

• We calculated the period between 

attending the stimuli and interrupting MW

Highlights
• Simple tasks may prevent MW 

during driving and induce less 

cognitive load than MW itself

• Interventions to prevent MW while 

driving incur different processing costs

• Maintaining a certain amount of 

load may outperform adaptive 

systems


	best
	Slide 1


