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Introduction 

       The prevalence of cell phones, particularly smartphones, in everyday use has greatly 

increased in the United States. Pew Research Center reported in 2015 that 68% of adults in the 

United States owned a smartphone, increasing from 35% in 2011. Multitasking has become a 

way of life, and among adults, texting while walking has become an accepted task despite some 

inherent risks. Though walking is a relatively automatic activity, walking patterns are altered 

under cognitive loads (Wilson, 2008). Although the growth in cell phone usage facilitates 

communication, it also increases risk of injury during walking (Nasar, Troyer, 2012). Although 

the risk of driver distraction due to cell phones and texting has been well established, there is less 

awareness on pedestrian distraction due to handheld devices. However, research has found the 

growing use of handheld devices has become a threat to the safety of both pedestrians and 

drivers (Schwebel, Stavrinos, & Byington, 2012). Several studies have indicated the use of 

handheld devices, whether talking on the phone, texting, and/or listening to music, substantially 

increases the likelihood of an injury in potentially hazardous environments (Scwebel et al).   

         As with adults, the number of children who have access to cell phones has also 

drastically increased. The term, ‘digital childhood’ is commonly used to describe the escalation 

of technology use among infants, toddlers, and preschoolers who are growing up in a media 

saturated environment (Shim, 2007). Cell phones are actively marketed towards children, and the 

number of children eight to twelve years of age who owned a cell phone doubled from 27% in 

2006 to 54% in 2009. While it is clear that cell phones provide an advantage to families by 

offering convenient access to their children, cell phones may be a great risk, especially when 

children are engaging in multitasking activities in potentially dangerous situations, such as 

texting on a cell phone while attempting to cross a street.  
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                 Although it is true that pedestrians of all ages are at risk of injury or death from traffic 

crashes, some populations are at higher risk. According to the Center for Disease Control and 

Prevention (CDC), unintentional pedestrian injury is the leading cause of pediatric mortality. The 

CDC reported adolescent and young adult pedestrians between ages 15 and 29 are at the highest 

risk than any other age group for being treated in an emergency department due to a crash related 

injury. Children, as pedestrians, are at even higher risk of injury or death from traffic crashes due 

to their smaller size, lack of ability in judging distances/speeds, and inexperience with traffic 

rules. In 2013, the Department of Transportation (US), National Highway Traffic Safety 

Administration (NHTSA) reported one in five traffic deaths among children ages fourteen and 

under are pedestrian deaths. 

           In the past, normative studies on the effects of texting-and-walking have been conducted 

with adults as participants, but there is little research on the influence of texting-and-walking in 

children. Recent Studies from the Communication Neuroscience Lab at Florida State University 

have implicated cognitive resource allocation issues in degraded or impaired gait and increased 

risk of injuries in several adult populations normative and clinical. Cognitive-linguistic 

multitasking and simultaneous walking may play a role in falls and other injuries among persons 

with Parkinson’s disease (LaPointe, Stierwalt, & Maitland, 2010). In addition to affecting 

individuals with movement disorders, cognitive-linguistic loading negatively affected gait in the 

healthy elderly population as well. When a subject was given a cognitively demanding task while 

walking, the gait of the subject deteriorated (Cicchitto, 2007). Little is known about how these 

cognitive-linguistic multi-talking factors influence children.  
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Purpose 

           The purpose of this study, therefore, was to explore the effects of differing levels of 

cognitive load, primarily texting on a cellphone, by children during ambulation. Further, this 

study may create awareness to the gravity of injurious falls or other possible potential injuries in 

children. Some studies have focused on childrens’ gait when presented with cognitive loads and 

working memory tasks, but it is not clear how texting affects gait. This study focused on four 

parameters of gait, and evaluated how the low and high levels of cognitive load altered those 

parameters. The results of the study were examined to discover the degree to which texting while 

walking affects ambulation in comparison to low level cognitive tasks, and attempted to answer 

if older children are more capable of texting-and-walking than younger children, and whether 

gender plays a role texting-and-walking performance.  

 

Research Hypotheses 

1. The condition of texting during simultaneous walking will change the parameters of gait 

for this study.  

2. Children will demonstrate a statistically significant higher double support time in the 

texting and walking condition than the baseline and low cognitive load condition.  

3. Functional Ambulation Profile scores will be statistically significantly lower in the 

texting condition than the walking and counting conditions.  
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Method 

Participants 

           Twenty-two children between the ages of eight and thirteen were recruited to participate 

in the study from local elementary and middle schools in Tallahassee. The mean age was 11.64 

years and included seven males and fifteen females. Inclusion criteria for selection of these 

participants included: (1) signed consent by the parent and child to participate in research, (2) 

age of participant between eight and fourteen years of age, and (3) screened cognitively normal 

via the Montreal Cognitive Assessment (MoCA). Participants were excluded if they were outside 

the selected age range and/or were not screened as cognitively normal. All participants reported 

being familiar with texting on a smartphone. 

Instrumentation 

            In order to measure parameters of gait, the GAITRite© Portable Walkway System was 

utilized. The GAITRite© System is a 16-foot (427 cm) carpeted mat walkway that contains eight 

sensor pads with a total of 18,824 sensors embedded in the mat. These sensors automatically 

calculate and record temporal (timing) and spatial (distance) gait characteristics. The walkway 

remained connected to a PC laptop with the accompanying GAITRite© software to record the 

gait data. The walkway was placed on a tile floor, and required no device to be placed on the 

participant’s body (Cicchitto, 2007).  

 

Procedure 

            The experiment was conducted at the Florida State University (FSU) Communication 

Neuroscience Laboratory in Tallahassee, Florida. The proposed study and all procedures were 

approved by the FSU Institutional Review Board prior to the investigation. Each participant and 
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his/her accompanying parent read and signed consent and assent forms detailing the experiment. 

Upon completion of parental and child consent forms, participants were first asked to complete 

the Montreal Cognitive Assessment (MoCA) test administered by the investigator, a screening 

instrument to rule out cognitive abnormality. Demographic information was collected for each 

participant including: date of birth, gender, weight, height, and leg measurements (measured in 

centimeters). As required in GAITRite© protocol, both the left and right leg were measured from 

the upper leg (near the hip) to the ankle to calculate Functional Ambulation Profile (FAP) scores. 

A standard measuring tape was used to measure the leg lengths. The participants’ shoes 

remained on during testing.  

             The investigator briefly presented the purpose of the study, gave directions, and outlined 

safety procedures to each participant. All participants began walking two feet before the mat 

began and finished walking two feet after the mat ended, as directed by the investigator. This 

was done to acclimate participants to the ambulation process. The participants were asked to 

ambulate as they would normally across the mat for three trials without performing any cognitive 

tasks. This was the baseline measurement with no cognitive load, the mean (average) of which 

served as the control trial. The participants were then instructed to walk across the mat for three 

trials counting by ones, beginning at the number fourteen. The counting task served as the low-

cognitive load condition. The participants were finally directed to ambulate across the mat for 

three trials while sending a text message on a cell phone. This served as the high-cognitive load 

condition. All cell phones used in the study were smartphones with a touch screen and virtual 

keyboard. Each participant was asked to send a text message to the investigator’s personal cell 

phone stating an activity they did over the weekend.  
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           Prior to each trial, the investigator repeated the directions to the participant and allowed 

time for questions. All ambulation trials began immediately following the investigator stating, 

“begin,” directly to each participant.  

Terms 

         Four parameters of gait were analyzed in this study. Velocity and double support time 

(recorded in seconds) are the timing parameters. These parameters of gait were selected as they 

have been found in previous studies to represent critical aspects of ambulation (Cicchitto, 2007). 

The distance parameters are stride length (recorded in centimeters) and Functional Ambulation 

Profile (FAP). The definitions are as follows:  

 Velocity: the distance divided by ambulation time  

 Double support time: the time elapsed between first contact of the current footfall and last 

contact of the previous footfall, added to the time elapsed between last contact of the 

current footfall and first contact of the next footfall  

 Stride length: the line of progression between the heel points of two consecutive footfalls 

of the same foot  

 Functional Ambulation Profile (FAP):  the ratio of stride length to leg length to step time 

based on an algorithm developed by Nelson (1974) in previous research and determined 

to predict future risk of injurious falls.  

Analysis 

            The GAITRite© software database stored each trial individually under the participants’ 

profile. The program provided the investigator with several reports and analyses of the data 

collected. Each trial was saved in a separate Excel file for each participant and all data were 

backed up by redundant Microsoft Excel files. Excel was used to organize data and calculate 
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descriptive statistics. IMB SPSS Statistics software was used to compute inferential statistics and 

provide answers to the research questions by comparing the performances of each trial. 

Specifically, repeated measures analysis of variance (RMANOVA) was used to determine the 

effects of differing levels of cognitive load on the parameters of gait.  The stride length and 

double support time measures were calculated by taking the means of the right and left leg data 

for each trial.  

 

Results 

           The four parameters of gait; velocity, double support time, stride length and FAP, were 

specifically evaluated across the various cognitive load tasks: baseline, low cognitive load 

(counting), and high cognitive load (texting) conditions. Overall, the results showed a decrease in 

velocity, stride length, and FAP and an increase in double support time in the condition of 

simultaneous texting and walking condition. The results of the study are as follows:  

MoCA 

The mean score of the MoCA assessment of the participants was 29.19 (SD = 1.38, Range 23-

30). The highest possible score for the test is 30, and a score of 26 or above is considered within 

normal limits. One participant scored a 23 on the test, and this participant’s results were not used 

in the study. Table 1 presents the results across conditions of the study.  

 

 

 

 

 



TEXTING AND WALKING EFFECTS ON GAIT IN CHILDREN                 
 

10 

 

 

 

 

 

 

 

 

 

Table 1. Descriptive Statistics across 4 parameters with 3 conditions each  

 

Functional Ambulation Profile (FAP)  

 The data in this study were analyzed using Repeated Measure ANOVA (RMANOVA) with a 

within-subject design of cognitive load (baseline, low load, and high load) and a between-subject 

designs of gender (male and female). The main effect of cognitive loads on FAP was revealed to 

be significant (F(2, 42) =6.021, p < .01). The effect of baseline to counting (F(1, 21) = 0.014, p = 

0.907) was not statistically significant. However, the effects of baseline to texting (F(1, 21) = 

6.519, p < 0.5) and counting to texting (F(1, 21) = 6.301, p < 0.5) were significant. The 

interaction between cognitive load and gender was not found to be statistically significant (F(1, 

20) = 11.701, p = .133). Figure 1 illustrates the data for FAP found across conditions for the 

participants.  

 

 

 

 Baseline  Counting  Texting 

 Mean  SD   
Mean  SD  Mean SD 

FAP   95.23  4.06 96.04 3.23  89.66 11.23 

Velocity 
(cm/sec)  123.14 15.58 116.25 18.81  88.45 22.56 

Double 
Support Time 
(sec)  

 0.23 .043 0.30 0.09 0.36 
0.15 

Stride Length 
(cm)  118.62 10.83  99.65  11.51  68.4 58.23 
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Figure 1. Mean FAP of 22 participants across 3 conditions   

Range of FAP scores: 

 Baseline condition  
o 82-100 (M=95.23, SD=4.06) 

 Counting by ones (low-load condition)  
o 85-100 (M=96.04, SD=3.23) 

 Texting (high-load condition)  
o 56-100 (M=89.66, SD=11.23) 

Velocity 

          The velocity of each participant, on average, decreased with the higher load tasks. The 

same RMANOVA was used to investigate velocity performance. The main effect of cognitive 

load on this variable was statistically significant (F(2, 40) =61.689, p < .001). However gender 

(F(1, 20) = .090. p = .765) did not show a significance. Figure 2 illustrates the data for velocity 

found across conditions for the participants. 
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Figure 2. Mean Velocity of 22 participants across 3 conditions   

Range of Velocity scores: 

 Baseline condition  
o 80-153 cm/sec (M=123.14, SD=15.58) 

 Counting by ones (low-load condition)  
o 73-159 cm/sec (M=116.25, SD=18.81) 

 Texting (high-load condition)  
o 34-144 cm/sec (M=88.45, SD=22.56) 

Stride Length 

RMANOVA with the same within- and between-subject factors was also used for following 

results in stride length. As with the results of FAP and velocity, main effect of cognitive load on 

Stride Length (SL) was statistically significant. (F(2, 40), 78.34) = 151.247, p < .001). Again, no 

significant differences were found relative to gender (F(1, 20) = 10.493, p = .087).  
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Figure 3. Mean Stride Length of 22 participants across 3 conditions   

Range of Stride Length scores: 

 Baseline condition  
o 80-153 (M=118.62, SD=10.83) 

 Counting by ones (low-load condition)  
o 73-159 (M=99.65, SD=11.51) 

 Texting (high-load condition)  
o 34-144 (M=0.36, SD=0.15) 

 

Double Support Time (DST) 

The main effect of cognitive load on double support time (DST) was statistically significant 

(F(2, 40) = 95.597, p < .001). (F(1, 54) = 18.068, p < .001). The effect of cognitive load across 

gender of DST was of weak significance (F(1, 20) = 5.998, p = .091), and females showed a 

slightly higher double support time than males.  
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Figure 4. Mean Double Support Time of 21 participants across 3 conditions   

Range of Double Support Time scores: 

 Baseline condition  
o 0.17-0.30 (M=0.23, SD=0.043) 

 Counting by ones (low-load condition)  
o 0.15-0.47 (M=0.30, SD=0.09) 

 Texting (high-load condition)  
o 0.19-0.83 (M=0.36, SD=0.15) 

 

Discussion 

                The purpose of this study was to determine the effects of differing levels of cognitive 

load on parameters of gait, specifically, simultaneously texting and walking in children. Previous 

studies from this laboratory have explored effects of distraction on parameters of gait in college 

age and older adults. This study extended the investigation to children. The twenty-three 

individuals between ages eight and thirteen that agreed to participate in the study completed the 

baseline, low, and high cognitive load conditions with three trials each. One participant’s data 
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was not included in the study, due to an abnormal MoCA score, and therefore did not affect the 

results. The double support time data for another participant could not be included in the study 

due to all the trials in the first condition being over written by the second condition. The research 

hypotheses were as follows:  

(1) The distraction of texting while walking will affect parameters of gait in children 

(2) children will demonstrate a statistically significant higher double support time in the texting 

and walking condition than the baseline and low cognitive load condition, and  

(3) Functional Ambulation Profile scores will be statistically significantly lower in the texting 

condition than the walking and counting conditions.  

               The distraction of texting and walking on gait in children was evident both in 

observation and the data collected. For the baseline and low load condition, the participants 

ambulated across the GAITRite system normally and with coordination and apparent ease. 

However, in the texting and walking condition, the participants were slow, uncoordinated, and 

took shorter steps. The data collected and analyzed supported the observations made. As 

predicted, there was a decrease in velocity, and stride length, and an increase in double support 

time as cognitive load increased, revealing parameters of gait regarding the baseline task 

compared to the counting task and texting task to be statistically significant based on ANOVA. 

On average, the velocity of each participant decreased as the level of cognitive load increased. 

The ANOVA test showed the changes in velocity were statistically significant The velocity 

decreased significantly in the texting and walking task because it was more cognitively 

demanding, and therefore, the participants had to slow their speed in order to complete the 

texting task. There was a decrease in stride length due to shorter steps being taken: the 

participants could not place enough attention on walking while texting as the texting task was too 
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demanding, therefore, shorter steps were taken to maintain balance and concentrate on the 

texting task. An increase in double support time was expected because of the shorted, more 

frequent steps taken by the participants, and DST increases were found to be significant. 

However, mean FAP values slightly increased from the baseline condition (M=95.23, SD=4.06) 

to the low load counting task (M=96.04, SD=3.23). This could be due to better gait rhythmicity 

during the dual-task of walking and counting, as individuals may synchronize their steps when 

counting numbers (Beauchet, Dubost, Herrmann, & Kressig, 2005). FAP did significantly 

decrease between the baseline condition and high cognitive load condition.  

               The FAP and velocity results reveal during the high cognitively loaded multitasking 

condition, participants were neither able to maintain their walking speed nor stabilize their gait. 

Overall, the results reveal that altering the complexity of tasks to increase cognitive load on an 

individual affects the parameters of gait during multi-tasking. The participants were negatively 

impacted by the high cognitive load condition relative to their walking ability. As proposed by 

Kahneman (1973), with competition, interference, or distraction, there is great impact on 

cognitive resource allocation skills, and participants allocated more cognitive resources, during 

reading tasks and texting tasks than to the walking task. Simultaneous texting and walking can be 

interpreted as a higher cognitive load as evidenced by lower FAP scores, slower walking speeds, 

higher double support times, and shorter stride lengths. Another implication of low FAP scores is 

a higher risk of injurious falls, as low FAP scores is an indicator of fall risk. Because the FAP 

scores lowered across the conditions, with the lowest average in the texting condition (M=89.66), 

the results show motor efficiency is negatively influenced by texting and walking, and could 

possibly lead to an increased risk of future fall.  

               



TEXTING AND WALKING EFFECTS ON GAIT IN CHILDREN                 
 

17 

Conclusion  

           The findings of this study have the potential to warrant increased understanding of 

distracted walking among children. Results from the study show texting on a cell phone 

influences several parameters of gait in children while walking, and could potentially lead to 

injurious falls as lowered FAP scores have predicted greater risk for falls during distracted 

walking can affect functional ambulation profile (FAP). This study is in agreement with the 

findings of past studies, and extends these findings to provide an understanding of some of the 

specific parameters of gait that are affected in children while texting and walking. The 

conclusion of this study can be summarized as: 

1. Statistically significant changes in spatial and temporal parameters of gait are evident. 

Some changes under conditions of texting in children are less or slower than baseline 

control measures; others change in an increase from comparison with the control 

condition.  

2. Double support time scores were statistically significantly higher in the texting and 

walking condition when compared to the baseline and low cognitive load condition, 

meaning the steps taken by the participants were closer together to stabilize gait. 

3. Functional Ambulation Profile scores were statistically significantly lower in the texting 

condition than the baseline (walking) conditions. 

                   In accordance with Kahneman’s concepts of the effects of competition, interference, 

and distraction on cognitive resource allocation, this study adds to the support of his findings. In 

the present study, these distraction effects on ambulation and gait (and possible influences on 

risk for future), are extended to the selected age group of children. The ubiquitous and ever 

increasing of distraction from diverted attention to screen time (cellphones) suggests increasing 
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risk for inconvenience or injury in both adults and children. This is being viewed as a significant 

public health problem as a trade off to the convenience of technological advancement (Schabrun, 

van den Hoorn, Moorcroft, 2014).  

         The time has come to alert the public of these risks and find solutions to the added risk of 

altered cognition or even injuries from distracted driving, walking, or learning.  
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