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ABSTRACT

Objectives: There exists no study concerning gait pattern while engaging in dual-task activities
on different sizes of mobile devices. The present study aimed to compare gait patterns during
normal walking, walking with smartphone use, and walking with tablet use.

Article info:
Received: 02 Apr 2020 :
Accepted: 08 Nov 2020 ' Methods: Seventeen healthy female participants with an age range of 19-24 years (Mean+SD
Available Online: 01 Dec 2020 © age: 20.29+1.61 years, weight: 49.82+4.46 kg, height: 156.59+4.87 cm, body mass index:
P 20.47+0.84 kg/m2, and leg length: 81.35+3.79 cm.) participated in the present research. The
study subjects were requested to walk for 10 meters under the following conditions: normal
walking; walking while typing a text message with a smartphone, and walking while typing
a text message with a tablet. The Vicon® Three-Dimensional (3D) motion analysis recorded
the motion of reflective markers attached to the study participant’s body. Gait parameters (step
length, stride length, step time, stride time, step width, velocity, and cadence) were compared
between the explored walking conditions.

Results: The gait parameter of normal walking, compared with walking during smartphone
use as well as tablet use were significantly different in the gait pattern (P<0.05). Using either a
smartphone or tablet during walking presented decreased step length for legs, gait velocity, and
cadence. However, there was an increase in the right leg’s step time and stride time. Moreover,
there was no significant difference in gait patterns between walking during smartphone use and
walking during tablet use (P>0.05).

Keywords: :  Discussion: Changes in gait pattern during walking while typing a text message with either
Gait, Walking, Smartphone, :  a smartphone or tablet may lead to greater attention and concentration required to type the
Tablet, Smartphone, Tablet :  message; such actions resulted in decreased gait speed and step length.
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e Walking patterns changed from normal during walking while using either a smartphone or tablet.

o Gait speed and step length were decreased during walking while typing a text message with a smartphone or tablet.
Such outcomes resulted from greater attention and concentration required to type the message while walking.

e The screen size presented no effect on the gait pattern.

Plain Language Summary

Smartphones and tablets are used in everyday life, especially during walking that may affect gait patterns. This study
compared gait patterns during normal walking, walking while typing a text message with a smartphone, and walking
while typing a text message with a tablet. The study participants walked for a distance of 10 meters per condition. Gait
patterns were analyzed by the Vicon® 3D motion analysis system. We found that using either smartphone or tablet dur-
ing walking suggested decreased step length, decreased gait velocity, and decreased cadence, compared with normal
walking; however, gait pattern was not different between walking during smartphone use and tablet use. Changes in gait
pattern during walking while typing a text message with either a smartphone or tablet may lead to greater attention and
concentration required to type the message. Accordingly, such actions may induce the risk of falling during walking.

1. Introduction

echnology plays a vital role in the Activi-

ties of Daily Living (ADL). Especially con-

cerning communication technology, such

devices as mobile phones, smartphones,

tablets, desktop computers, etc., help in the
convenience of communication and the easy forwarding
of information. These tools are widely used for domestic
and international transactions with various telecommu-
nication networks [1, 2]. In Thailand, using the internet
and communication via smartphones and tablets are es-
sential; they include such operations as messaging, gam-
ing, emailing, social networking, and applying various
applications [3, 4]. The features of smartphones and tab-
lets can greatly vary, and they are easy to carry. There-
fore, their application has become popular among differ-
ent age groups, from youth to old ages [5]. The survey of
the National Statistical Office Ministry of Information and
Communication Technology in Thailand was conducted
from 2011 to 2014. The relevant data suggested that us-
ing smartphones (including tablets) in the Thai population
increased by 75.72%. These data reflect that the future use
of smartphones and tablets might be increased respecting
the number of users [6].

Most individuals who use smartphones and tablets devel-
op addictive behaviors, impacting their use in the ADLs,
especially when walking on such pavements as sidewalks
and roads. This issue increases the risk of falling; crash-
ing with obstacles or other passengers, and experiencing

car accidents that may cause injury and death [3, 7]. Nu-
merous researchers are interested in exploring the use of
smartphones while walking.

Previous studies investigated using a smartphone while
walking and engaging in other concurrent activities (i.e. du-
al-task). Accordingly, it was found that changes occurred in
walking patterns. The step length, stride length, velocity, and
cadence were decreased while walking during smartphone
use (e.g. texting and gaming). Besides, these factors were
affected by the light level and the characteristics of differ-
ent walkways. Furthermore, step time, stride time, and step
width were increased when using a smartphone to walk over
obstacles or walk up and down ramps. Additionally, walk-
ing while using a smartphone to type text messages or read
articles increased lateral deviation [3, 7-13].

Factors that resulted in changes in gait pattern while using a
smartphone included postural control and balance [5, 8], and
the motor system; it involves upper extremity movements
where motor skills play the main role in safe walking [9]. Us-
ing smartphones or tablets while walking concerning thought
processes (e.g. using increased concentration to determine lo-
cation, direction, and walkway) also reduced the stability of
walking and gait patterns [8, 9, 14, 15]. Such a process was
due to the disturbance of the sensory system, which includes
the somatosensory, vestibular, and visual systems [8]. Fac-
tors other than those mentioned above that affect gait patterns
include stability [3, 16] and body biomechanics [17]. Such
characteristics help the body to move more efficiently while
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walking. These factors require muscle activity related to joint
movement to maintain stability while walking [18].

Using smartphones and tablets could influence different
gait patterns. Tablet devices are developed from smartphones
with different screen widths (larger than smartphones), vari-
ous sizes may differently affect cognitive processes [19].
Tablets use may require a process with less cognition and
concentration than smartphones. The effect of screen size
is argued to the processing time to recognize the informa-
tion [19]. A previous study found the effect of the size of
the smartphone screen on user’s work processes concern-
ing static posture control and dynamic posture control [2].
However, there no study explored the effect of screen size on
walking. Therefore, the present research aimed to compare
gait patterns during normal walking, walking while using a
smartphone, and walking while using a tablet.

2. Methods

This was a descriptive and cross-sectional research study.
The study included data collection and analysis for gait pa-
rameters under each of the three research conditions men-
tioned above. The study participants were 17 female students
who were selected by the convenience sampling method. The
number of samples in this study was calculated as per the
results of a pilot study.

The inclusion criteria of the research included healthy
women with the following characteristics: the age of 18-24
years [ 18]; normal body mass index of 18.5-22.9 kg/m*[18];
dominance in the right hand [20], and >1-year experience of
using a smartphone or tablet for >4 hours per day [20].

The exclusion criteria included abnormalities or injuries
to the musculoskeletal system that affect walking, such as
asymmetrical leg length or scoliosis, etc. [21]; neurological
disorders; using medications that affect walking and balance
[22]; alcoholic beverages consumption within 24 hours be-
fore the test, and visual problems that have not been corrected
or require using bifocal lenses.

Participants who met the study criteria and agreed to
participate in this study received an explanation of its
objectives and advantages before the test. The research
participants completed questionnaires on their general
information and using smartphones and tablets. The re-
searchers conducted a physical examination according
to the record form. Then, the research participants were
requested to use their smartphones (iPhone6s) or tablets
(iPad Air2 model) with both hands, where they held and
touched the screen as desired. The tablet was held verti-
cally with the left hand and the screen was touched with

December 2020, Volume 18, Number 4

the right hand. The $tudy participants then underwent typ-
ing training, where they must have correctly typed their
nickname in English. The researchers then followed the
Plug-in Gait full-body model (Figure 1). The marker was
attached on participant’s body as follow Table 1. The re-
search subjects were tested by being asked to walk along
a walkway for a distance of 10 meters as per the test se-
quence, as follows:

1. Practice walking without using a smartphone or tablet for
3 rounds, resting 1 minute per round (pause 3 minutes before
starting to practice walking while using a smartphone to type
a text message).

2. Practice walking while using a smartphone to type a text
message. Participants must type their nickname in English
with a smartphone for 3 rounds, resting 1 minute per round
during practice. If they type their nickname incorrectly, they
must start again to practice walking while typing their nick-
name with the smartphone (pause 3 minutes before starting to
practice walking while using a tablet to type a text message).

3. Practice walking while using a tablet to type a text mes-
sage. Participants must type their nickname in English with
a tablet for 3 rounds, resting 1 minute per round during prac-
tice. If they type their nickname incorrectly, they must start
again to practice walking while typing their nickname with
the tablet.
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Figure 1. The Plug-in Gait-full body model
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4. Before the participants are tested, the conditions are ran-
domized per participant (based on the draw ballot).

5. The researchers explain the process to the participants.
After the practice walks, the participants start the test by
walking a distance of 10 meters under the following con-
ditions: walking without using a smartphone or tablet for 3
rounds, resting 1 minute per round, then pausing 3 minutes
before starting the next walk; walking while using a smart-
phone for 3 rounds, resting 1 minute per round, then pausing
3 minutes before starting the next walk; and walking while
using a tablet for 3 rounds, resting 1 minute per round, then
pausing 3 minutes before starting the next walk.

While the participants walked on the walkway, the relevant
data were recorded. Vicon® Three-Dimensional (3D) motion
analysis recorded the motion of reflective markers attached
to the study participant’s body and processed with the Vicon
Nexus program. A six-camera 3D motion-capture system at
a sampling rate of 120 Hz was used for collecting spatial and
temporal kinematic data during the walking trials. Twenty-
sixth reflective markers were attached to specific anatomical
landmarks (Figure 1). The location of the markers was de-
tected to compute gait parameters during walking. The study
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variables consisted of step length (meters), stride length (me-
ters), step time (seconds), $tride time (seconds), step width
(meters), velocity (meter/second), and cadence (steps/min).
The researchers used the mean value of each parameter of the
3 walking cycles for analysis.

The obtained data were analyzed using SPSS at the signifi-
cance level of P<0.05. Descriptive statistics were applied to
analyze the collected demographic data (mean and standard
deviation), and the Kolmogorov-Smirnov test was used to
test the normal distribution of the obtained data. One-way
Analysis of Variance (ANOVA) was used to compare the
normally-distributed data of the studied gait patterns; nor-
mal walking, walking while using a smartphone and walking
while using a tablet. The Fisher’s Least Significant Differ-
ence (LSD) posthoc test was used to compare the between-
group differences.

3. Results

The general characteristics of the study participants are
presented as follows. The research participants included
17 females with the Mean+SD age of 20.29+1.61 years,
MeantSD weight of 49.82+4.46 kg, Mean+SD height of

Table 1. Plug-in-Gait Marker placement procotol with position of the Plug-in-Gait Marker

Marker Number Position
1 (2) The back of the head
2 (2)The front of the head
3 (1) C7
4 (2) Acromioclavicular joint
5 (1) The medial boarder of Rt. scapular
6 (1) L3
7 (2) ASIS
8 (2) PSIS
9 (2) Greater trochanter
10 (1) Rt. thigh
11 (2) The lateral condyle of femur
12 (2) The lateral malleolus
13 (2) Great toe
14 (2) Heel
15 (2) The basis of fifth metatarsal
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Table 2. The gait parameters of normal walking and walking while using tablets and smartphones

Mean+SD
Gait Parameters Side P
Normal Walking  Smartphone Use Tablet Use
Right 63.9314£5.49 58.00215.71 57.95245.37 0.003"
Step length (cm)
Left 62.83745.91 57.414+5.43 56.85814.76 0.003"
Right 127.173+11.28 115.615+10.90 114.756%10.10 0.002"
Stride length (cm)
Left 127.006+10.43 115.472+11.29 114.984+10.20 0.002"
Right 0.128+0.05 0.133+0.08 0.133+0.01 0.037
Step time (sec)
Left 0.127+0.05 0.131+0.08 0.132+0.01 0.187
Right 0.253+0.01 0.264+0.02 0.265+0.02 0.025"
Stride time (sec)
Left 0.254+0.12 0.265+0.16 0.265+0.01 0.041"
Right 8.964+1.78 9.170+2.23 8.499+1.87 0.599
Step width (cm)
Left 7.455+2.12 7.986+2.41 8.317+2.18 0.532
Velocity (meter/sec) 1.288+0.16 1.108+0.15 1.088+0.16 0.001™
Cadence (steps/min) 127.61+9.12 118.60+6.98 121.20+9.02 0.009"

Statistical analyses were performed using the one-way ANOVA ("P<0.05, “P<0.001).

156.59+4.87 cm, Mean+SD body mass index of 20.47+0.84
kg/m?, and Mean+SD leg length of 81.35+3.79 c¢m. All re-
search participants used Apple iOS devices with a Mean+SD
daily usage of 6.29+1.86 hours and the results of comparison
the gait parameters of normal walking and walking while us-
ing tablets and smartphones were showed in Table 2.

Comparing the differences between normal walking
and walking while using a smartphone to type a text
message revealed a significant difference (P<0.05) in
step length, stride length, step time (right leg), stride
time, velocity, and cadence.

Comparing the differences between normal walking and
walking while using a tablet to type a message indicated a
significant difference (P<0.05) in step length, stride length,
step time (right leg), stride time, and cadence. Besides, veloc-
ity presented a significant difference in this regard (P<0.001).
Comparing the differences between walking while using a
smartphone to type a text message and walking while using
a tablet to type a text message presented no significant differ-
ence in all gait parameters (P>0.05).

4. Discussion

The present study aimed to compare gait patterns during
normal walking, walking while using a smartphone, and

[ranian Fehabilitation Mournal

walking while using a tablet. We hypothesized that each
gait pattern will be different. This is because typing while
walking requires greater attention and decreases arm swing.
Therefore, using smartphones or tablets while walking could
change gait pattern. Besides, different screen sizes of smart-
phones and tablets may also affect gait pattern.

Comparing the gait pattern between normal walking and
walking while using smartphones or tablets revealed a sig-
nificant difference in the step length for the left and right
steps. The step length was shorter while typing a text mes-
sage on smartphones and tablets, i.e. consistent with the
study by Licence et al. [3]; they found that the step length
was reduced while using a smartphone to type a text mes-
sage. Comparing the stride length in different assessment
conditions demonstrated a significant difference in the stride
length for both legs. Furthermore, stride length was shorter
while typing a text message on smartphones and tablets. Pre-
vious studies that tested the effects of walking while typing
a text message on smartphones found that stride length was
also reduced [7-9]. Comparing the step time indicated that
the right step time was significantly different; the right step
time was increased. The obtained data concerning walking
while typing a text message on smartphones and tablets were
also consistent with those of Cha et al. [8]; they determined
that walking across obstructions while typing a text mes-
sage on smartphones increased the step time. This effect was

Pakdee S. & Sengsoon P. Changes in Gait Pattern. IRJ. 2020; 18(4):475-484.
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Table 3. Comparing gait parameters between normal walking and walking while using a smartphone, normal walking and
walking while using a tablet, and walking while using a smartphone and walking while using a tablet

Gait Parameters Side Conditions P
Normal vs. Smartphone 0.003"
Right Normal vs. Tablet 0.003"
Smartphone vs. Tablet 0.979
Step length (cm)
Normal vs. Smartphone 0.005°
Left Normal vs. Tablet 0.002"
Smartphone vs. Tablet 0.765
Normal vs. Smartphone 0.003"
Right Normal vs. Tablet 0.002"
Smartphone vs. Tablet 0.817
Stride length (cm)
Normal vs. Smartphone 0.003"
Left Normal vs. Tablet 0.002"
Smartphone vs. Tablet 0.894
Normal vs. Smartphone 0.022"
Right Normal vs. Tablet 0.032"
Smartphone vs. Tablet 0.871
Step time (sec)
Normal vs. Smartphone 0.152
Left Normal vs. Tablet 0.089
Smartphone vs. Tablet 0.783
Normal vs. Smartphone 0.028"
Right Normal vs. Tablet 0.013"
Smartphone vs. Tablet 0.748
Stride time (sec)
Normal vs. Smartphone 0.026"
Left Normal vs. Tablet 0.031"
Smartphone vs. Tablet 0.936
Normal vs. Smartphone 0.761
Right Normal vs. Tablet 0.495
Smartphone vs. Tablet 0.325
Step width (cm)
Normal vs. Smartphone 0.493
Left Normal vs. Tablet 0.268
Smartphone vs. Tablet 0.669
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Gait Parameters Side

Velocity (meter/sec)

Cadence (steps/min)

Conditions P
Normal vs. Smartphone 0.002"
Normal vs. Tablet 0.001™
Smartphone vs. Tablet 0.716
Normal vs. Smartphone 0.003"
Normal vs. Tablet 0.031"
Smartphone vs. Tablet 0.372

Statistical analyses were performed using posthoc test (T°<0.05, “P<0.001).

related to the stability of walking. This is because walking
while typing required greater concentrate and focus, causing
the intention of walking to decrease [9]. The anticipatory ad-
justment was slower [23]; therefore, making the time spent
on one step longer resulting in reduced gait stability [8].
However, the left step time was not statistically significant in
this regard; the duration of one step of the left leg tended to
increase when walking while typing a text message on smart-
phones and tablets. For the stride time, it was found that the
left stride time and right stride time were significantly differ-
ent. The obtained data suggested that the time required for
walking equaled one step more when walking while typing
a text message on smartphones and tablets. Perlmutter et al.
[7] examined walking while using a smartphone to type text
messages and concluded that the stride time increased. Ad-
ditionally, comparing the step width between the two heels
revealed no significant difference in this area. However, the
left step width tended to increase when walking while using
either a smartphone or tablet. According to Kao et al. [16],
there was a significant difference in the step width between
normal walking and walking while typing a text message on
a smartphone; the step width increased for walking while
typing [24]. This could be because the eyes were used for
typing while walking, resulting in reduced gait stability [8,
9]. The increase in the left step width was generated to the
extent of the basis of support and keep balance when moving;
the center of gravity of the body shifted in inner and outer
directions. Moreover, velocity was significantly different in
this respect. Other studies conducted on walking while us-
ing a smartphone also found that velocity decreased [3, 11,
13], i.e. related to a greater need for concentration or atten-
tion while using a smartphone to type a text message. There
was also a significant difference in cadence. In other words,
cadence decreased when walking while typing a text mes-
sage on smartphones and tablets. A previous study explored
walking while typing a text message on a smartphone and
reported a decrease in cadence [7, 13].
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The present study results indicated a difference in gait pat-
tern when using smartphones or tablets. This is because using
such devices while walking is a dual-task activity. A great
body of literature investigated walking and performing a sec-
ondary activity; the relevant data indicated that the ability to
walk decreased while performing a secondary activity. Previ-
ous studies have also explained that manual work (e.g. the
physical demand of carrying a smartphone or tablet) caused
reduced arm swing. Such alternations resulted in a decrease
in the ability to maintain balance while walking. Therefore,
using smartphones or tablets changes walking performance;
decreased walking speed and increased detours may result
in dangerous road crossings and unawareness of the imme-
diate surroundings. This is because further concentration is
required to look at the screen in such situations. These behav-
iors may eventually lead to accidents [25].

Comparing gait patterns between walking while using
smartphones and tablets indicated no significant difference
concerning various walking parameters. Besides, the differ-
ence in screen size did not affect cadence.

We studied the differences in gait patterns between nor-
mal walking and walking while using smartphones and
tablets, where activity performed on the device involved
typing a text message only. The present study overlooked
including various practical uses of smartphones and tab-
lets, such as reading text messages, playing games, talking
on the phone, and so on.

The current study results can be applied to suggest the
risks of walking while using smartphones and tablets. The
obtained data are also applicable for preventing the dan-
gers of such an activity, which may cause injury through
tripping, colliding with obstacles, and so on. The study
participants’ attention seemed to be divided between the
two tasks (maintaining the walking and texting on a smart-
phone or tablet), at the cost of affected walking ability.
With increasing time being spent texting on smartphones
or tablets (because of the demands of professionally-relat-
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ed tasks), the assessment of its effect on the general popu-
lation is of importance in the field of public health. Due
to its consequences of such walking, recommendations
should be made for smartphone use. This should regard
the extent of time spent on texting, the necessity of breaks,
and compensatory mechanisms related to stability.

A study of a multi-task walking pattern is interesting, i.e.
characterized by walking while performing various tasks, in-
cluding cognitive tasks, coordination tasks, or visual tasks.
Future studies should consider how such a variety of tasks
can affect gait pattern. Moreover, the screen size of devices is
various due to the development of technology.

5. Conclusion

Using smartphones and tablets adversely impact gait pa-
rameters. Walking while using smartphones and tablets de-
creased the step length, stride length, velocity, and cadence
in the study participants. Furthermore, the right step time and
stride time were increased in the study subjects. However,
there was no significant difference in the left step time and
step width among the study participants. There was also no
significant difference between smartphone usage and tablet
usage in all explored variables.
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