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Abstract: Texting while walking exerts a high cognitive load, and may be a sensitive test of the integrity
of the cognitive–motor interface. We aimed to investigate the association between chronological age
and gait speed while texting. A convenience sample of 308 community-dwellers was recruited: n ≥ 50
in each age group (20–29, 30–39, 40–49, 50–59) and n = 100 aged ≥60 years. Gait speed was measured
over 10 metres under two experimental conditions: 1) walking at usual pace; 2) walking at usual
pace while texting the message “Good morning Harry” on their smartphone. Both median gait speed
with and without texting decreased with increasing age (p < 0.001). The differences between single-
and dual-task gait speed were substantial for each age group and increased after the age of 50 years
(p < 0.001). Median gait speeds while texting in people aged 50–59 (1.07 m/s) and ≥60 years (1.00 m/s)
were below the recommended minimum for safely crossing roads (1.20 m/s). Texting while walking
currently exposes people aged 50 and over to considerable environmental hazards. The significant
slowing of gait speed while texting from middle age may be a marker of neurodegeneration, a cohort
effect, or an appropriate compensatory response to reduce the risk of injury.
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1. Introduction

Walking has traditionally been viewed as an automatic task requiring little input from higher
mental functions. However, an intricate interaction between motor function and cognition is now
recognized. Slow gait speed is predictive of multiple adverse outcomes [1] and, although it is also
impacted by conditions such as sarcopenia and physical frailty [2], it is strongly associated with
prevalent and incident cognitive impairment [3]. Structural and functional brain imaging studies
have shown that cognition and motor control share common brain pathways, particularly in the
prefrontal and temporal areas [4]. These areas play a crucial role in executive functioning, and seem
to be particularly vulnerable to change with “normal ageing” [5,6]. Some age-related changes in
gait performance are compensatory and beneficial to maintain stability and reduce the risk of falls,
while other changes result in increased risk of injury [5]. Studies investigating dual tasks, which are
dependent on intact executive function, reveal that older people are less able to maintain normal
ambulation while performing an additional task, particularly talking [7]. Indeed, a review of 11 studies
comparing younger and older adults’ performance on various dual-task walking tests found that the
dual-task cost was higher for older adults [5].

Recently there has been a proliferation in the use of mobile technology, such that smartphones are
now considered an integral part of everyday life. Texting requires the integration of fine motor skills
and visual inputs as well as communication planning [8], and thereby exerts a higher cognitive load
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than talking [9]. Texting while walking may therefore be a more sensitive test of the integrity of the
cognitive–motor interface. A recent narrative review of 20 studies, mostly in young healthy adults,
concluded that texting was associated with impaired gait performance [10]. Subsequent studies have
also shown consistent findings; however, studies continue to be conducted in young adults [11–13],
or with small sample sizes of as few as 10 participants [12–15]. Given the increasing use of smartphones
and other devices in older age groups [16], the higher dual-task cost of similar activities in older
versus younger adults, and the evidence of increasing “pedestrian distraction by technology” [17],
there is a need to investigate the impact of texting on walking across age categories. Here, we aimed to
investigate the association between chronological age and gait speed while texting and not texting.

2. Materials and Methods

2.1. Study Design and Setting

A comparative study measured the gait speed of pedestrians while walking in a public outdoor
space on a level surface. The chosen setting was the Eleanor Schonell Bridge, which spans 390 metres
over the Brisbane River in Queensland, Australia and is separated into distinct areas for pedestrian,
bicycle and vehicular traffic (buses only). A 10-m distance was marked with tape in the centre of the
pedestrian walkway of the bridge and there was a clear view for the participant from either end.

2.2. Participants

Convenience sampling was used to recruit 308 participants from the community dwelling
population aged 20 and over: at least 50 each in the age groups of 20–29 years, 30–39 years, 40–49 years,
50–59 years, and 100 participants aged 60 years and older. Participants were excluded if they were
younger than 20 years of age, did not use a smart phone or if they had any disability or conditions that
affected their ability to walk 10 m. Recruitment took place over the period June to August 2017 during
the hours between 2:00 and 4:30 pm.

2.3. Measures

Gait speed was measured under two experimental conditions: (1) walking at usual pace; (2) walking
at usual pace while texting the message “Good morning Harry” on their smartphone. The spelling
accuracy and completion of the message were noted. Autocorrect was turned off to identify typing
errors. No instructions were given to participants regarding the texting accuracy, and they were free to
correct their errors. Errors in the text messages were recorded if they were inaccurate or not completed.
In each condition, participants walked in a straight line for 10 m. A standing start was used, and the
participants were timed using a stopwatch from the time of the instruction to start to the time of
the first foot fall across the finish line. Gait speed was calculated by dividing the distance by the
time taken, in metres per second (m/s). This study took place on a smooth surface with no obstacles.
The investigator walked alongside each participant during the procedure to prevent any falls.

2.4. Ethics

All procedures were approved by the University of Queensland Human Research Ethics Committee
and conformed to the declaration of Helsinki. Each participant provided written informed consent.
Because the site chosen was a public place (pedestrian walkway on a bridge crossing the Brisbane
River), “gatekeeper” approval to use the bridge for the study was sought from the Brisbane City
Council, who also sought the approval of the Bus Drivers’ Union for assurance that the activity would
not distract drivers.

2.5. Statistical Analysis

Frequency distributions were used to describe the characteristics of the sample population by age
group and gender, with differences in proportions examined using chi-square tests or Fisher’s exact
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test if cell numbers were less than five. Depending on the distribution of the data, walking times (with
and without texting) across age groups were compared using parametric (comparison of means) or
non-parametric (comparison of medians) tests. Multiple pairwise comparisons between age groups
were carried out using Dunn–Bonferroni post hoc tests. Differences between walking times under the
two conditions were compared using tests for paired data. Data were analysed using SPSS, Version 25
(IBM Statistics, Armonk, NY, USA).

3. Results

3.1. Difference in Gait Speed

Of the 308 participants, there were 135 females (43.8%), with no significant sex differences across
age groups (Table 1). Under each of the two conditions, median gait speed (GS) was significantly
different by age group (p < 0.001) but not by gender (p = 0.97 for single-task GS; p = 0.72 for dual-task
GS). Gait speed (median [interquartile range]) while texting (1.16 [1.01, 1.34] m/s) was significantly
slower than when not texting (1.47 [1.40, 1.58] m/s) (p < 0.001).

Table 1. Characteristics of the study population by age group.

Measure
Age Group a

Total
30820–29 Years

50 (16.2)
30–39 Years

52 (16.9)
40–49 Years

55 (17.9)
50–59 Years

51 (16.6)
≥60 Years
100 (32.5)

Females a 18 (36.0) 26 (50.0) 24 (43.6) 23 (45.1) 44 (44.0) 135 (43.8)

Usual GS b 1.53
(1.42, 1.63)

1.49
(1.41, 1.57)

1.53
(1.46, 1.61)

1.47
(1.40, 1.55)

1.42
(1.37, 1.47)

1.47 ***
(1.39, 1.58)

Texting GS b 1.35
(1.30, 1.41)

1.32
(1.22, 1.44)

1.28
(1.17, 1.37)

1.07
(1.01, 1.17)

1.00
(0.95, 1.05)

1.16 ***
(1.01, 1.34)

Text errors a 0 (0) 4 (7.7) 7 (12.7) 32 (62.7) 81 (81.0) 124 (40.3) ***

GS: gait speed in m/s; a n (%); b Median (inter-quartile range); *** p < 0.001 (distribution significantly different across
age groups).

Pairwise comparisons between age groups showed that, for usual gait speed, the ≥60 age group
had significantly lower gait speed than those aged 50–59 (p = 0.040), 40–49 (p < 0.001), 30–39 (p = 0.004)
and 20–29 (p < 0.001). Gait speed while texting was also significantly slower in the ≥60 age group
compared to the other age groups: 50–59 (p = 0.003), 40–49 (p < 0.001), 30–39 (p < 0.001) and 20–29
(p < 0.001). In addition, those aged 50–59 had significantly slower gait speed while texting than the
younger age groups (p < 0.001). Table 2 shows the difference in gait speeds by age group.

Table 2. Difference in gait speed by age group.

Age Group n (%) Usual GS a Texting GS a Absolute Difference a % Decrease in GS a

20–29 50 (16.2) 1.53 1.35 0.16 10.74
30–39 52 (16.9) 1.49 1.32 0.17 11.08
40–49 55 (17.9) 1.53 1.28 0.25 16.71
50–59 51(16.6) 1.47 1.07 0.38 25.93
≥60 100 (32.5) 1.42 1.00 0.43 30.37

Total 308 (100) 1.47 *** 1.16 *** 0.32 *** 22.25 ***

GS: gait speed in m/s; a Median; *** p < 0.001 (distribution significantly different across age groups).

The difference between the two gait speed measures across age groups was significant (p < 0.001)
(Table 2), and pairwise comparisons showed that this difference was significantly higher in the age
groups ≥50 compared to younger age groups (p < 0.001), as shown in Figure 1. Comparing the 50–59
and ≥60 age groups, the difference between the two gait speed measures was not significant.



Int. J. Environ. Res. Public Health 2020, 17, 599 4 of 7

Int. J. Environ. Res. Public Health 2020, 17, x 4 of 7 

 

 
Figure 1. Comparison of gait speed (usual and while texting) by age group. 
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Figure 1. Comparison of gait speed (usual and while texting) by age group.

3.2. Difference in Texting Errors

During the texting conditions, the proportion of participants with incomplete or incorrect texts
differed across age groups (Table 1). All participants younger than 30 years of age completed the text
correctly, while 7.7% (n = 4) of those 30–39 years of age and 12.7% (n = 7) aged between 40–49 years
had incomplete or incorrect text. The proportion of errors increased exponentially above the age of 50,
to 62% (n = 32) for those aged 50–59 years and 81% (n = 81) for those 60 years and older.

4. Discussion

In this study, we examined the effect of age on walking speed while texting on a smartphone.
Dual-tasking reduced gait speed across all age groups, but with a significant decline after 49 years.
Similarly, the proportion of incorrect or incomplete texts increased with age and rose exponentially
in the 50–59 and 60-plus age groups. One explanation for our findings is that texting-while-walking
may be a sensitive test of age-associated neurodegenerative disease, since it has been found that some
domains of cognitive function (such as reasoning and verbal fluency) show evidence of decline from
middle age (45–49 years) [6,18].

An additional finding in this study was that median gait speeds while texting in people aged
50–59 (1.07 m/s) and ≥60 years (1.00 m/s) were below the recommended minimum for safely crossing
roads (1.20 m/s) [19]. This is consistent with previous literature, where simulator studies have shown
the detrimental effects of dual-tasking on street crossing performance. These studies found that the
need for decision making and planning was greater in texting while walking scenarios, thus requiring
participants to physically divert their attention from the crossing scene [20]. Another simulator study,
assessing dual-task performance in a virtual reality environment where participants crossed a simulated
street by walking on a treadmill, found that older adults at risk of falls experienced more collisions
with oncoming cars and had longer street crossing times [21]. Other studies have shown that dual
tasking slows gait speed and texting accuracy in young healthy individuals [22,23], yet pace remains
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within normal limits [23]. Nevertheless, pedestrian injuries related to mobile-phone use are highest for
people under 31 years of age [24], which could suggest a compensatory mechanism in older people,
or a higher frequency of device use in younger adults and teenagers [24]. Regardless, this has both
personal safety and public health implications. Texting lanes and other environmental modifications
(e.g., pedestrian crossing lights projected onto the ground) have been introduced in some provinces in
China and Germany to reduce the pedestrian risks for “distracted walkers” [25].

A strength of our study is that the sample size was moderately large, and covered age ranges
from 20 to 60 years and older. Data collection was done by a single investigator, at one site, using a
consistent methodology. Participants were familiar with texting and used their own smart-phones so
as to eliminate the possibility of having to learn a new operating system.

We also acknowledge limitations. This was a cross-sectional study with convenience sampling.
The duration of smartphone use (number of years using the device) and intensity of usual texting
activity (number of hours per day spent texting) were not recorded, and may have been factors
influencing gait speed while texting, especially in the older age groups who may not be “digital
natives” [23]. Another limitation was a lack of data collection regarding age-related factors such as
participants’ educational attainment or current cognitive status. Furthermore, we did not capture
several important factors known to affect gait speed, such as body mass index, type of footwear and
other physical limitations. Future studies may benefit from comparing a dual task with texting to other
activities, such as talking or numerical activities.

5. Conclusions

In this study, increased cognitive load was associated with slower gait speed, particularly for
people aged more than 49 years. This, in conjunction with simulator studies showing that older adults
under cognitive load are more likely to make judgement errors on street crossings and the increasing use
of technology in older age groups, presents an emerging but significant public health issue. Behavioural
strategies such as those leading to “texting lanes” in other countries may be a useful tool to address this
issue more broadly [26]. Targeted approaches could include specific training to improve dual-tasking
in both younger and older people [27,28], with evidence that combined physical and cognitive training
can lead to cognitive improvement in attention and executive function [29]. While neurodegeneration
is not the only factor contributing to the slowing of gait speed, practice in texting while walking
therefore has the potential to maintain the complex pathways at the cognitive–motor interface.

Author Contributions: Conceptualization, R.E.H.; ethics approval, L.J.A. and N.M.P.; data collection, L.J.A.; data
analysis, L.J.A. and N.M.P.; writing—original draft preparation, L.J.A.; writing—review and editing, N.M.P.,
L.C.G., R.E.H., N.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Abellan van Kan, G.; Rolland, Y.; Andrieu, S.; Bauer, J.; Beauchet, O.; Bonnefoy, M.; Cesari, M.; Donini, L.M.;
Gillette Guyonnet, S.; Inzitari, M.; et al. Gait speed at usual pace as a predictor of adverse outcomes in
community-dwelling older people: An International Academy on Nutrition and Aging (IANA) Task Force.
J. Nutr. Health Aging 2009, 13, 881–889. [CrossRef] [PubMed]

2. Arjunan, A.; Peel, N.M.; Hubbard, R.E. Gait speed and frailty status in relation to adverse outcomes in
geriatric rehabilitation. Arch. Phys. Med. Rehabilit. 2019, 100, 859–864. [CrossRef]

3. Peel, N.M.; Alapatt, L.J.; Jones, L.V.; Hubbard, R.E. The association between gait speed and cognitive status
in community-dwelling older people: A systematic review and meta-analysis. J. Gerontol. A Biol. Sci. Med.
Sci. 2018, 74, 943–948. [CrossRef] [PubMed]

4. Callisaya, M.L.; Beare, R.; Phan, T.G.; Blizzard, L.; Thrift, A.G.; Chen, J.; Srikanth, V.K. Brain structural change
and gait decline: A longitudinal population-based study. J. Am. Geriatr. Soc. 2013, 61, 1074–1079. [CrossRef]
[PubMed]

http://dx.doi.org/10.1007/s12603-009-0246-z
http://www.ncbi.nlm.nih.gov/pubmed/19924348
http://dx.doi.org/10.1016/j.apmr.2018.08.187
http://dx.doi.org/10.1093/gerona/gly140
http://www.ncbi.nlm.nih.gov/pubmed/29917045
http://dx.doi.org/10.1111/jgs.12331
http://www.ncbi.nlm.nih.gov/pubmed/23796055


Int. J. Environ. Res. Public Health 2020, 17, 599 6 of 7

5. Beurskens, R.; Bock, O. Age-related deficits of dual-task walking: A review. Neural Plast. 2012, 2012, 131608.
[CrossRef]

6. Rasmussen, L.J.H.; Caspi, A.; Ambler, A.; Broadbent, J.M.; Cohen, H.J.; d’Arbeloff, T.; Elliott, M.; Hancox, R.J.;
Harrington, H.; Hogan, S.; et al. Association of neurocognitive and physical function with gait speed in
midlife. JAMA Netw. Open 2019, 2, e1913123. [CrossRef]

7. Shumway-Cook, A.; Guralnik, J.M.; Phillips, C.L.; Coppin, A.K.; Ciol, M.A.; Bandinelli, S.; Ferrucci, L.
Age-associated declines in complex walking task performance: The walking InCHIANTI toolkit. J. Am.
Geriatr. Soc. 2007, 55, 58–65. [CrossRef]

8. Agostini, V.; Lo Fermo, F.; Massazza, G.; Knaflitz, M. Does texting while walking really affect gait in young
adults? J. Neuroeng. Rehabilit. 2015, 12. [CrossRef]

9. Tian, Y.; Huang, Y.; He, J.; Wei, K. What affects gait performance during walking while texting? A comparison
of motor, visual and cognitive factors. Ergonomics 2018, 61, 1507–1518. [CrossRef]

10. Krasovsky, T.; Weiss, P.L.; Kizony, R. A narrative review of texting as a visually-dependent cognitive-motor
secondary task during locomotion. Gait Posture 2017, 52, 354–362. [CrossRef]

11. Oh, C.; LaPointe, L.L.; Walla, P. Changes in cognitive load and effects on parameters of gait. Cogent Psychol.
2017, 4. [CrossRef]

12. Caramia, C.; Bernabucci, I.; D’Anna, C.; De Marchis, C.; Schmid, M. Gait parameters are differently affected
by concurrent smartphone-based activities with scaled levels of cognitive effort. PLoS ONE 2017, 12, e0185825.
[CrossRef] [PubMed]

13. Crowley, P.; Madeleine, P.; Vuillerme, N. The effects of mobile phone use on walking: A dual task study.
BMC Res. Notes 2019, 12, 352. [CrossRef] [PubMed]

14. Chopra, P.; Castelli, D.M.; Dingwell, J.B. Cognitively demanding object negotiation while walking and
texting. Sci. Rep. 2018, 8, 17880. [CrossRef] [PubMed]

15. Pau, M.; Porta, M.; Pilloni, G.; Corona, F.; Fastame, M.C.; Hitchcott, P.K.; Penna, M.P. Texting while walking
induces gait pattern alterations in healthy older adults. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 2018,
62, 1908–1912. [CrossRef]

16. Taylor, K.; Silver, L. Smartphone Ownership Is Growing Rapidly Around the World, but Not Always Equally;
Pew Research Centre: Washington, DC, USA, 2019.

17. Williamson, A.; Lennon, A. Pedestrian self-reported exposure to distraction by smart phones while walking
and crossing the road. In Proceedings of the 2015 Australasian Road Safety Conference, Gold Coast, Australia,
14–16 October 2015.

18. Singh-Manoux, A.; Kivimaki, M.; Glymour, M.M.; Elbaz, A.; Berr, C.; Ebmeier, K.P.; Ferrie, J.E.; Dugravot, A.
Timing of onset of cognitive decline: Results from Whitehall II prospective cohort study. BMJ 2012, 344, d7622.
[CrossRef]

19. Fitzpatrick, K.; Brewer, M.; Turner, S. Another look at pedestrian walking speed. Transp. Res. Rec. J. Transp.
Res. Board 2006, 1982, 21–29. [CrossRef]

20. Banducci, S.E.; Ward, N.; Gaspar, J.G.; Schab, K.R.; Crowell, J.A.; Kaczmarski, H.; Kramer, A.F. The effects
of cell phone and text message conversations on simulated street crossing. Hum. Factors 2016, 58, 150–162.
[CrossRef]

21. Nagamatsu, L.S.; Voss, M.; Neider, M.B.; Gaspar, J.G.; Handy, T.C.; Kramer, A.F.; Liu-Ambrose, T.Y. Increased
cognitive load leads to impaired mobility decisions in seniors at risk for falls. Psychol. Aging 2011, 26, 253–259.
[CrossRef]

22. Plummer, P.; Apple, S.; Dowd, C.; Keith, E. Texting and walking: Effect of environmental setting and task
prioritization on dual-task interference in healthy young adults. Gait Posture 2015, 41, 46–51. [CrossRef]

23. Strubhar, A.J.; Rapp, B.; Thomas, D. Changes in gait and texting ability during progressively difficult gait
tasks. Int. J. Exerc. Sci. 2017, 10, 743–753. [PubMed]

24. Nasar, J.L.; Troyer, D. Pedestrian injuries due to mobile phone use in public places. Accid. Anal. Prev. 2013,
57, 91–95. [CrossRef] [PubMed]

25. May, T. For Chinese pedestrians glued to their phones, a middle path emerges. The New York Times. 2018.
Available online: https://www.nytimes.com (accessed on 15 December 2019).

26. Volpp, K.G.; Asch, D.A. Make the healthy choice the easy choice: Using behavioral economics to advance a
culture of health. QJM 2017, 110, 271–275. [CrossRef] [PubMed]

http://dx.doi.org/10.1155/2012/131608
http://dx.doi.org/10.1001/jamanetworkopen.2019.13123
http://dx.doi.org/10.1111/j.1532-5415.2006.00962.x
http://dx.doi.org/10.1186/s12984-015-0079-4
http://dx.doi.org/10.1080/00140139.2018.1493153
http://dx.doi.org/10.1016/j.gaitpost.2016.12.027
http://dx.doi.org/10.1080/23311908.2017.1372872
http://dx.doi.org/10.1371/journal.pone.0185825
http://www.ncbi.nlm.nih.gov/pubmed/29023456
http://dx.doi.org/10.1186/s13104-019-4391-0
http://www.ncbi.nlm.nih.gov/pubmed/31227009
http://dx.doi.org/10.1038/s41598-018-36230-5
http://www.ncbi.nlm.nih.gov/pubmed/30552394
http://dx.doi.org/10.1177/1541931218621433
http://dx.doi.org/10.1136/bmj.d7622
http://dx.doi.org/10.1177/0361198106198200104
http://dx.doi.org/10.1177/0018720815609501
http://dx.doi.org/10.1037/a0022929
http://dx.doi.org/10.1016/j.gaitpost.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/28966712
http://dx.doi.org/10.1016/j.aap.2013.03.021
http://www.ncbi.nlm.nih.gov/pubmed/23644536
https://www.nytimes.com
http://dx.doi.org/10.1093/qjmed/hcw190
http://www.ncbi.nlm.nih.gov/pubmed/27803366


Int. J. Environ. Res. Public Health 2020, 17, 599 7 of 7

27. Bherer, L.; Kramer, A.F.; Peterson, M.S.; Colcombe, S.; Erickson, K.; Becic, E. Training effects on dual-task
performance: Are there age-related differences in plasticity of attentional control? Psychol. Aging 2005,
20, 695–709. [CrossRef]

28. Plummer, P.; Zukowski, L.A.; Giuliani, C.; Hall, A.M.; Zurakowski, D. Effects of physical exercise interventions
on gait-related dual-task interference in older adults: A systematic review and meta-analysis. Gerontology
2016, 62, 94–117. [CrossRef]

29. Lauenroth, A.; Ioannidis, A.E.; Teichmann, B. Influence of combined physical and cognitive training on
cognition: A systematic review. BMC Geriatr. 2016, 16, 141. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1037/0882-7974.20.4.695
http://dx.doi.org/10.1159/000371577
http://dx.doi.org/10.1186/s12877-016-0315-1
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Participants 
	Measures 
	Ethics 
	Statistical Analysis 

	Results 
	Difference in Gait Speed 
	Difference in Texting Errors 

	Discussion 
	Conclusions 
	References

