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Urbanisation, the Arousal System, and Covert and Overt Attentional Selection 

 

Highlights 

• Urban exposure impacts the information processing style of human beings  
• This change in style is expressed both in terms of attentional engagement (the 

deployment of mental processing resources, or covert attentional selection) and of 
visual exploration (eye movements, or overt attentional selection) 

• Both these effects may be underpinned by lifestyle-driven variations in arousal-
related processing 

• Arousal variations may be linked to the neuromodulatory locus coeruleus-
norepinephrine (LC-NE) system in the brain that is key to regulating cognitive 
function  

 

Abstract 

Urbanisation is growing rapidly. We review evidence that this growth is altering the default 
information processing style of human beings by impacting both overt and covert processes 
of attentional selection (i.e., attentional selection with and without eye movements 
respectively), in ways consistent with reduced attentional engagement and increased 
exploration. Whilst the factors and systems mediating these effects are likely to be many 
and various, we focus on one system which may be responsible for mediating effects on 
both covert and overt attentional selection. Specifically, the neuromodulatory locus 
coeruleus-norepinephrine (LC-NE) system is key to regulating cognitive function in a 
behaviourally-relevant and arousal-dependent manner and therefore well suited to 
supporting adaptation to the profound socio-ecological changes inherent in urbanisation. 
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Urbanisation, the Arousal System, and Covert and Overt Attentional Selection  

 

Urbanisation is growing rapidly: as of 2017, 55% of the world’s population lived in an urban 
environment, compared to just 33% in 1960 [1]. Here we review evidence that this spread of 
urbanisation is altering the default information processing style of human beings by 
impacting both covert and overt processes of attentional selection, processes that involve 
respectively the orienting of mental processing resources, or the ’mind’s eye’, versus 
physical eye-movements. Whilst the factors and systems mediating these effects of 
urbanisation are likely to be many and various, we focus on one system which may be 
responsible for mediating effects on both covert and overt attentional selection, processes 
often explained by very different systems. This system is the neuromodulatory locus 
coeruleus-norepinephrine (LC-NE) system that is key to “regulating cognitive function in a 
behaviourally-relevant and arousal-dependent manner” (p.16) [2] and therefore well suited 
to supporting adaptation to the profound socio-ecological changes inherent in urbanisation. 

In support of this account, we review evidence on the impact of urbanisation on a variety of 
populations from around the world including not just the “WEIRD” (white, educated, 
industrialised, rich, and democratic) [3] and other high-income populations that are usually 
reported in the cognitive literature but also populations from low- and middle-income 
countries that today comprise the majority of the world’s population [4].  

Covert Attentional Selection 

Much of the growing interest in the cognitive impact of urbanisation can be traced back to 
the pioneering work of Kaplan [5] on Attention Restoration Theory (ART). According to this 
theory, inhabitants of urban environments are exposed to a plethora of stimuli that 
compete for their attention, only some of which are relevant to behavioural goals; 
remaining focused on relevant information exhausts directed attention processes which can 
however be restored by exposure to less stimulating natural environments. Compatible with 
this theory, Berman, Jonides and Kaplan [6] showed that when American participants either 
walked in nature or were shown pictures of nature both their attentional control (indexed 
using a flanker selective-attention task) and working memory (WM; indexed using a 
backwards digit-span task) improved compared to when they walked in an urban area or 
were shown pictures of urban environments.  

The present authors and their colleagues extended this work to the traditional Himba – a 
non-WEIRD population from a remote part of northern Namibia – and showed that, 
compared to urban participants in Namibia and/or in the UK, the traditional Himba showed 
better attentional control: they showed (i) no significant distraction from a motion singleton 
previously reported always to capture attention [7] and (ii) focused spatial attention and 
reduced distractor interference on a flanker selection task of low perceptual load [8] which 
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is widely assumed not to support attentional engagement and efficient selection [9,10] 
(although see Linnell and Caparos [11]). These findings extended previous suggestions by 
Jung that remote peoples are generally better at concentrating [12]. 

On the basis of these findings, Linnell et al [8] invoked the work of Aston-Jones on the 
dynamic control of attentional state [13] to argue that natural environments – on the one 
hand – promote the adoption of engaged attentional states that facilitate attentional 
control and performance of the task at hand while urban environments – on the other hand 
– promote the adoption of explorative states that facilitate non-selective processing of the 
diverse stimulation and opportunities they afford.   

Linnell, Caparos, and Davidoff [14] drew still further on the work of Aston-Jones and 
colleagues by suggesting that this effect of urbanisation is mediated by the 
neuromodulatory LC-NE arousal system [15]. This system has been shown by Aston-Jones 
and colleagues to be key to modulating attentional state and cognitive function in keeping 
with behavioural demands and closely linked arousal-related processing [13,16]. Specifically, 
the LC ensures that middling amounts of arousal are associated with attentional 
engagement, while elevated arousal is associated with exploration, by increasing its tonic 
activity with increasing arousal.  

Linnell et al [8,14] suggested that urbanisation provokes a shift in the LC-NE arousal system 
towards increased exploration and decreased engagement. This suggestion is in keeping 
with the association between urbanisation and stress [17,18] (for a review of the links 
between stress and LC activation, see Aston-Jones, Gonzalez, & Doran [19]). It is also in 
keeping with Broadbent’s [20] suggestion that urban populations express higher levels of 
arousal and converging evidence for such differences between the traditional Himba and 
urban UK controls [14]. Such population differences open up the possibility that a widely 
reported (leftwards) spatial bias (pseudo-neglect [21,22]) - that has long been assumed to 
represent normal human functioning - may be the product of hyper-arousal in urban 
populations [14].  

Urbanisation has also been shown to impact the anterior cingulate cortex and amygdala [17] 
which may, we suggest here, result in more complex, regulatory effects on the LC-NE 
arousal system.  Once this possibility is taken into account our LC-NE arousal account may 
be able to subsume the directed-attention/WM capacity account of urbanisation [6]: recent 
work by Unsworth and Robison [23,24,25] suggests that the well-documented relation 
between attentional control and WM is partially underpinned by individual variation in the 
efficiency with which LC-NE functioning is regulated, so that if urbanisation impacts the 
efficiency with which the LC-NE system is regulated it will also affect attentional control and 
WM capacity as documented by Berman and colleagues. 

Beyond covert selection, our LC-NE arousal account can also encompass effects of 
urbanisation on overt selection. We provide converging evidence for this in the next section. 
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It is worth noting at this juncture that effects on covert and overt selection are not generally 
studied in a common explanatory framework (although see Alotaibi, Underwood & Smith 
[26]). 

Overt Attentional Selection 

We argue here for the first time that work by Aston-Jones and colleagues on the LC-NE 
arousal system is compatible with arousal-related processing mediating the impact of 
urbanisation not just on the balance between exploratory and task-engaged styles in covert 
selection (as discussed in the previous section) but also in overt selection or eye-movement 
looking patterns.  

According to Aston-Jones, Rajkowski, and Cohen [16], there is a close relationship between 
LC activity and eye movement looking patterns: “Decreased steady foveation [i.e., a 
decreased tendency to keep the eyes still at the onset of each trial], and increased 
‘scanning’ eye movements, were associated with epochs of elevated LC activity [and], 
conversely, consistent visual fixation occurred during periods of intermediate LC discharge.” 
[27] (p.1312). Others too have suggested that more exploratory looking patterns accompany 
higher levels of arousal/LC activity [28,29]. If in addition urbanisation promotes hyper-
arousal, as suggested in the previous section, it is then a small step to suggest that it will 
make looking patterns – in terms of fixation durations and/or saccade lengths – more 
exploratory and, indeed, recent work from 2018 is compatible with this suggestion. 

Specifically, Köster, Itakura, Yovsi, and Kärtner [30] compared looking patterns between 5-
year-olds from rural populations in Cameroon (Africa) and from urban populations in 
Germany and Japan, during free viewing of pictures of figural objects. They showed that the 
rural Cameroonians looked significantly longer at figural objects than their urban 
counterparts, whose eye movements were more wide-ranging, encompassing more of the 
time the background or context against which the figural object was presented.  

Particularly noteworthy was how much larger the differences in looking patterns were 
between the rural and urban populations, as compared to the differences between the two 
urban populations, the Germans and Japanese. The cross-cultural literature has explained 
differences in looking patterns between Western and East-Asian populations [31,32] using a 
social-organisation account [33,34]. According to this account, individualist versus 
collectivist cultures engender information processing styles that are respectively analytical 
versus holistic, promoting the selection of respectively figural versus background 
information (although see Rayner and colleagues [35]). 

Yet, despite the social organisation of rural Cameroonians being more collectivist than that 
of either of the urban samples studied, the rural group was actually the one that showed 
the most focused looking-patterns. Thus, while social organisation is undoubtedly an 
important driver of looking patterns, the work of Köster et al [30] suggests that urbanisation 
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can be a more important one. What we propose here is that this impact of urbanisation on 
overt selection may be at least partially mediated by the LC-NE arousal system, such that 
urbanisation promotes more exploratory looking behaviours.    

The rural-urban differences in exploratory looking behaviours that are predicted by our LC-
NE arousal-based account may explain rural-urban differences in susceptibility to the 
Ebbinghaus illusion: specifically, reduced susceptibility to this contextual size illusion has 
been reported in rural Cameroonians compared to both German and Japanese urban groups 
[30] and this finding replicates previous findings of reduced susceptibility in the traditional 
Himba compared to urban groups from the UK and Japan [36,37].  

Reduced susceptibility to illusions such as the Ebbinghaus – which depend for their 
existence on the processing of irrelevant contextual information – is expected to go hand-in-
hand with looking patterns that are focused on figural objects [30]. An arousal-based 
account, along the lines that the rural Cameroonians and remote Namibians are not hyper-
aroused and make fewer (exploratory) eye movements, can potentially explain this finding 
given the link that exists between eye movements and illusion size: Mruczek and colleagues 
[38,39] have argued that eye movements create informational uncertainty about retinal-size 
and distance cues to size and thus increase the weighting of relational cues from irrelevant 
contextual information and, in so doing, augment the size illusion that is the Ebbinghaus.  

Similarly, it is possible that an arousal-based account invoking differences in looking 
patterns can also explain the pattern of findings reported in a study of simultaneous 
lightness contrast (SLC) comparing traditional Himba participants with urban Himba and UK 
populations [40]. Specifically, this study involved comparative lightness judgements of pairs 
of grey target discs arrayed side by side, one on a white ground and the other on a black. 
While all groups showed SLC by over-estimating the lightness of the disc on the black 
ground, traditional Himba showed much increased SLC compared to the urban groups.  

This finding is initially puzzling, especially in light of the generally more accurate judgements 
of the traditional Himba [36,37]; it could however be explained if the traditional Himba 
move their eyes less and consequently sample the black-white boundary between target 
grounds less [40], given that removal of this boundary increases SLC [41,42]. This suggestion 
is compatible with the close coupling that has been demonstrated between lightness 
judgements and the specific information selected by eye movements [43]. 

Conclusions and Future Directions 

This brief review has provided evidence that through our creation of urban environments 
we are changing not just our environment but also our default information processing style 
and what we take from our environment. We suggest that the same neuromodulatory 
system, namely the LC-NE arousal system, may mediate effects of urbanisation on both 
covert and overt processes of information sampling by making them less task-focused and 
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more exploratory, changes that are presumably adaptive to the more open-ended nature of 
urban living.   

This is absolutely not, however, to suggest that the same parts of the LC-NE system mediate 
these effects of urbanisation, over the same timescales. The studies reviewed here suggest 
that the effects of urbanisation on covert selection can be quite dramatic, with urbanised 
Himba – who received a remote upbringing like that of the traditional Himba and only 
moved to a small town in early adulthood – showing covert attention that is 
indistinguishable from that of urbanised controls raised in and living in a city [8]. In contrast, 
the effects of urbanisation on overt selection in the studies reported here would seem to be 
less dramatic, with the urbanised Himba falling between the traditional Himba and UK 
controls in terms of their levels of susceptibility to the Ebbinghaus illusion [36] and levels of 
SLC [40]. 

Given that the effects of urbanisation on covert and overt selection appear to follow 
different timescales, it is likely that they are underpinned by different effects, perhaps 
occurring at different stages of development. Indeed, it is tempting to draw superficial 
parallels with the work of Meyer-Lindenberg and colleagues [17] showing that – at least 
under conditions of social stress – effects of urban living are underpinned by processing 
differences in the amygdala while effects of urban upbringing are underpinned by 
processing differences in the anterior cingulate cortex. The LC-NE arousal system is however 
highly interconnected with diverse brain regions and future work will be needed to 
elucidate the precise ways in which it may mediate the impact of urbanisation on covert and 
overt selection.  

Future work will also be needed to understand what urbanisation actually means and what 
types of socio-ecological conditions result in the types of ‘rural-urban’ processing 
differences documented here.  A recent study suggests that high population density may 
not be a sufficient predictor of at least some of the cognitive effects of urbanisation [44] and 
it may prove to be not even a necessary predictor in some of today’s virtually networked 
populations. Other socio-ecological factors, such as the adoption of the fast-paced way of 
life that is associated with WEIRD and other high-income populations, may prove to be 
more critical predictors of the radical changes in processing style that accompany 
urbanisation.  

Acknowledgements 

The authors would like to acknowledge funding from the ESRC and BA in the UK and from 
the SSHRC in Canada that supported the work with African populations. We thank our local 
guides/research assistants, without whom the cross-cultural research we report here could 
not have taken place, and we are immensely grateful to the participants in our studies, who 
welcomed us and our research with openness, benevolence and generosity. 



8 
 

References 

[1] World Bank urbanisation indicator: 
https://data.worldbank.org/indicator/sp.urb.totl.in.zs 

[2] Devilbiss DM: Consequences of tuning network function by tonic and phasic locus 
coeruleus output and stress: Regulating detection and discrimination of peripheral stimuli. 
Brain Research 2019, 1709:16-27. https://doi.org/10.1016/j.brainres.2018.06.015 

[3] Henrich J, Heine SJ, Norenzayan A: The weirdest people in the world? Behavioral and 
Brain Sciences 2010, 33:61–135. https://doi.org/10.1017/S0140525X0999152X 

[4] World Bank income level indicator: http://data.worldbank.org/income-level/low-and-
middle-income 

[5] Kaplan S: The restorative benefits of nature: toward an integrative framework. Journal 
of Environmental Psychology 1995, 15:169–182. https://doi.org/10.1016/0272-
4944(95)90001-2 

[6] Berman MG, Jonides J, Kaplan S: The cognitive benefits of interacting with nature. 
Psychological Science 2008, 19:1207–1212. https://doi.org/10.1111/j.1467-
9280.2008.02225.x 

[7] de Fockert JW, Caparos S, Linnell KJ, Davidoff J: Reduced distractibility in a remote 
culture. PLoS ONE 2011, 6:e26337. https://doi.org/10.1371/journal.pone.0026337 

[8] Linnell KJ, Caparos S, de Fockert J, Davidoff J: Urbanization decreases attentional 
engagement. Journal of Experimental Psychology: Human Perception & Performance 2013, 
39:1232–1247. https://doi.org/10.1037/a0031139 

[9] Kahneman D (Eds): Attention and Effort. Englewood Cliffs, NJ: Prentice-Hall; 1973. 

[10] Lavie N: Distracted and confused? Selective attention under load. Trends in Cognitive 
Sciences 2005, 9:75–82. https://doi.org/10.1016/j.tics.2004.12.004 

[11] Linnell KJ, Caparos S: Perceptual load and early selection: An effect of attentional 
engagement? Frontiers in Psychology 2013, 4:498. 
https://doi.org/10.3389/fpsyg.2013.00498 

[12] Jung C (Eds): Modern man in search of a soul. Abingdon, UK: Routledge; 2001 (Original 
work published in 1933) 

[13] Aston-Jones G, Cohen JD: An integrative theory of locus-coeruleus-norepinephrine 
function: adaptive gain and optimal performance. Annual Review of Neuroscience 2005, 
28:403–450. https://doi.org/10.1146/annurev.neuro.28.061604.135709 

https://data.worldbank.org/indicator/sp.urb.totl.in.zs
https://doi.org/10.1016/j.brainres.2018.06.015
https://doi.org/10.1017/S0140525X0999152X
http://data.worldbank.org/income-level/low-and-middle-income
http://data.worldbank.org/income-level/low-and-middle-income
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.1111/j.1467-9280.2008.02225.x
https://doi.org/10.1111/j.1467-9280.2008.02225.x
https://doi.org/10.1371/journal.pone.0026337
https://doi.org/10.1037/a0031139
https://doi.org/10.1016/j.tics.2004.12.004
https://doi.org/10.3389/fpsyg.2013.00498
https://doi.org/10.1146/annurev.neuro.28.061604.135709


9 
 

[14] Linnell KJ, Caparos S, Davidoff J: Urbanisation increases left-bias in line bisection: An 
expression of elevated levels of intrinsic alertness? Frontiers in Psychology 2014, 5:1-7. 
https://doi.org/10.3389/fpsyg.2014.01127 

[15] Nieuwenhuis S, Aston-Jones G, Cohen JD: Decision making, the P3, and the locus 
coeruleus norepinephrine system. Psychological Bulletin 2005, 131:510–532. 
http://dx.doi.org/10.1037/0033-2909.131.4.510 

[16] Aston-Jones G, Rajkowski J, Cohen JD: Role of locus-coeruleus in attention and 
behavioural flexibility. Biological Psychiatry 1999, 46:1309–1320. 
https://doi.org/10.1016/S0006-3223(99)00140-7 

[17] Lederbogen F, Kirsch P, Haddad L, Streit F, Tost H, Schuch P, Wüst S, Pruessner JC, 
Rietschel M, Deuschle M, Meyer-Lindenberg A: City living and urban upbringing affect 
neural social stress processing in humans. Nature 2011, 474:498–501. 
https://doi.org/10.1038/nature10190 

[18] Peen J, Schoevers RA, Beekman AT, Dekker J: The current status of urban-rural 
differences in psychiatric disorders. Acta Psychiatrica Scandinavica 2010, 121:84–93. 
https://doi.org/10.1111/j.1600-0447.2009.01438.x 

[19] Aston-Jones G, Gonzalez M, Doran S: Role of the locus-coeruleus-norepinephrine 
system in arousal and circadian regulation of the sleep-wake cycle. In Brain 
Norepinephrine: Neurobiology and Therapeutics. Edited by Ordway GA, Schwartz MA, Frazer 
A. Cambridge: Cambridge University Press; 2007:157–195.  

[20] Broadbent DE: Environment and performance. In Man in urban environments. Edited 
by Harrison GA, Gibson JB. Oxford University Press; 1976:247-273. 

[21] Jewell G, McCourt M: Pseudoneglect: a review and meta-analysis of performance 
factors in line bisection tasks. Neuropsychologia 2000, 38:93–110. 
https://doi.org/10.1016/S0028-3932(99)00045-7 

[22] Manly T, Dobler VB, Dodds CM, George MA: Rightward shift in spatial awareness with 
declining alertness. Neuropsychologia 2005, 43:1721–1728. 
https://doi.org/10.1016/j.neuropsychologia.2005.02.009 

[23] Unsworth N, Robison MK: A locus coeruleus-norepinephrine account of individual 
differences in working memory capacity and attention control. Psychonomic Bulletin & 
Review, 2017, 24:1282-1311. https://doi.org/10.3758/s13423-016-1220-5 

This study explores the relation between working-memory capacity (WMC) and attentional 
control processes. It concludes that because of a dysregulation in the functioning of the 
locus coeruleus-norepinephrine (LC-NE) system, the fronto-parietal control network for low 
WMC individuals is only weakly activated, resulting in greater default-mode network 

https://doi.org/10.3389/fpsyg.2014.01127
http://dx.doi.org/10.1037/0033-2909.131.4.510
https://doi.org/10.1016/S0006-3223(99)00140-7
https://doi.org/10.1038/nature10190
https://doi.org/10.1111/j.1600-0447.2009.01438.x
https://doi.org/10.1016/S0028-3932(99)00045-7
https://doi.org/10.1016/j.neuropsychologia.2005.02.009
https://doi.org/10.3758/s13423-016-1220-5


10 
 

activity, and greater mind-wandering, for low WMC individuals compared to high WMC 
individuals.  

[24] Unsworth N, Robison MK: The importance of arousal for variation in working memory 
capacity and attention control: A latent variable pupillometry study. Journal of 
Experimental Psychology: Learning Memory and Cognition 2017, 43:1962-1987. 
https://doi.org/10.1037/xlm0000421 

[25] Robison MK, Unsworth N: Pupillometry tracks fluctuations in working memory 
performance. Attention Perception & Psychophysics, 2019, 81:407-419. 
https://doi.org/10.3758/s13414-018-1618-4 

[26] Alotaibi A, Underwood G, Smith AD: Cultural differences in attention: Eye movement 
evidence from a comparative visual search task. Consciousness and Cognition 2017, 55:254-
265. 

[27] Rajkowski J, Kubiak P, Aston-Jones G: Locus coeruleus activity in monkey: Phasic and 
tonic changes are associated with altered vigilance. Brain Research Bulletin 1994, 35:607– 
616. https://doi.org/10.1016/0361-9230(94)90175-9 

[28] de Barbaro K, Chiba A, Deak GO:  Micro-analysis of infant looking in a naturalistic 
social setting: insights from biologically based models of attention. Developmental Science 
2011, 14:1150-1160. https://doi.org/10.1111/j.1467-7687.2011.01066.x 

[29] Pajkossy P, Szőllősi Á, Demeter G , Racsmány M: Tonic noradrenergic activity 
modulates explorative behavior and attentional set shifting: evidence from pupillometry 
and gaze pattern analysis. Psychophysiology 2017, 54:1839-1854. 
https://doi.org/10.1111/psyp.12964 

[30] Köster M, Itakura S, Yovsi R, Kärtner J: Visual attention in 5-year-olds from three 
different cultures. PLoS ONE 2018, 13:e0200239. 
https://doi.org/10.1371/journal.pone.0200239 

This study explores how attention to contextual information in scenes and to the activities 
of others varies across pre-school children from rural Cameroon, and urban Germany and 
Japan. The rural Cameroonians show reduced attention to contextual information – in terms 
of sensitivity to contextual illusions and looking patterns in pictures – as well as reduced 
parallel attention to the activities of others. This study corroborates the profound influence 
that culture exerts on cognitive development, already during the preschool years. 

[31] Chua HF, Boland JE, Nisbett RE: Cultural variation in eye movements during scene 
perception. Proceedings of the National Academy of Science 2005, 102:12629-12633. 
https://doi.org/10.1073/pnas0506162102 

https://doi.org/10.1037/xlm0000421
https://doi.org/10.3758/s13414-018-1618-4
https://doi.org/10.1016/0361-9230(94)90175-9
https://doi.org/10.1111/j.1467-7687.2011.01066.x
https://doi.org/10.1111/psyp.12964
https://doi.org/10.1371/journal.pone.0200239
https://doi.org/10.1073/pnas0506162102


11 
 

[32] Masuda T, Ishii K, Kimura J: When does the culturally dominant mode of attention 
appear or disappear? Comparing patterns of eye movement during the visual flicker task 
between European Canadians and Japanese. Journal of Cross-Cultural Psychology 2016, 
47:997-1014. https://doi.org/10.1177/0022022116653830 

[33] Nisbett RE, Peng K, Choi I, Norenzayan A: Culture and systems of thought: Holistic 
versus analytic cognition. Psychological Review 2001, 108:291–310. 
https://doi.org/10.1037/0033-295X.108.2.291 

 [34] Nisbett RE, Masuda T: Culture and point of view. Proceedings of the National Academy 
of Sciences 2003, 100:11163-11170 https://doi.org/10.1073/pnas1934527100 

[35] Rayner K, Li X, Williams CC, Cave KR, Well AD: Eye movements during information 
processing tasks: Individual differences and cultural effects. Vision research 2007, 47:2714-
2726. https://doi.org/10.1016/j.visres.2007.05.007 

[36] Bremner AJ, Doherty MJ, Caparos S, de Fockert JW, Linnell KJ, Davidoff J: The ontogeny 
of visual context effects: Tracing effects of culture and the urban environment on the 
development of the Ebbinghaus illusion in British and Namibian observers. Child 
Development, 2016, 87:962-981. https://doi.org/10.1111/cdev.12511 

[37] Caparos S, Ahmed L, Bremner AJ, de Fockert J, Linnell KJ, Davidoff J: Exposure to an 
urban environment alters the local bias of a remote culture. Cognition 2012, 122:80–85. 
https://doi.org/10.1016/j.cognition.2011.08.013 

[38] Mruczek REB, Blair CD, Caplovitz GP: Dynamic illusory size contrast: a relative-size 
illusion modulated by stimulus motion and eye movements. Journal of Vision 2014, 14:2. 
https://doi.org/10.1167/14.3.2 

[39] Mruczek REB, Blair CD, Strother L, Caplovitz GP: The Dynamic Ebbinghaus: motion 
dynamics greatly enhance the classic contextual size illusion. Frontiers in Human 
Neuroscience 2015, 9:77. https://doi.org/10.3389/fnhum.2015.00077 

[40] Linnell KJ, Bremner AJ, Caparos S, Davidoff J, de Fockert JW: Urban experience alters 
lightness perception. Journal of Experimental Psychology: Human Perception and 
Performance 2018, 44:2-6. http://dx.doi.org/10.1037/xhp0000498 

This study examines the lightness perception of rural Himba, a traditional semi-nomadic 
population known to exhibit a local bias in perception. Rural Himba show enhanced 
simultaneous lightness contrast but reduced White’s illusion compared to groups which 
have a more global perceptual style, namely urban-dwelling Himba and Westerners. The 
results of this study suggest that exposure to urban environments can radically alter 
information sampling. 

https://doi.org/10.1177/0022022116653830
https://doi.org/10.1037/0033-295X.108.2.291
https://doi.org/10.1073/pnas1934527100
https://doi.org/10.1016/j.visres.2007.05.007
https://doi.org/10.1111/cdev.12511
https://doi.org/10.1016/j.cognition.2011.08.013
https://doi.org/10.1167/14.3.2
https://doi.org/10.3389/fnhum.2015.00077
http://dx.doi.org/10.1037/xhp0000498


12 
 

[41] Gilchrist A: Perceptual organization in lightness. In Oxford handbook of perceptual 
organization. Edited by J Wagemans. Oxford University Press; 2013:391-412. 

[42] Yarbus AL (Eds): Eye movements and vision. New York: Plenum Press; 1967. 
http://dx.doi.org/10.1007/978-1-4899-5379-7 

[43] Toscani M, Valsecchi M, Gegenfurtner KR: Selection of visual information for lightness 
judgements by eye movements. Philosophical Transactions of the Royal Society of London. 
Series B, Biological Sciences 2013, 368. http://dx.doi.org/10.1098/rstb.2013.0056 

[44] Caparos S, Linnell KJ, Blanchette I: The local perceptual bias of a non-remote and 
educated population. Psychological Research 2019. https://doi.org/10.1007/s00426-019-
01158-6 

This study shows that, unlike Westerners, both rural and urban Rwandan participants 
present with a local bias on a similarity matching Navon task. It reveals effects of education 
and urban experience on local-global perceptual bias but suggests that differences in the 
impact of these variables on lifestyles around the world can result in profound differences in 
perceptual style, even between educated and urban populations. 

http://dx.doi.org/10.1007/978-1-4899-5379-7
http://dx.doi.org/10.1098/rstb.2013.0056
https://doi.org/10.1007/s00426-019-01158-6
https://doi.org/10.1007/s00426-019-01158-6

