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I. Introduction 

Performing multiple tasks at once is an activity of daily life and often requires the 

coordinated performance of motor and cognitive tasks. Specifically, walking is a 

common and important part of human movement, and usually occurs in conjunction with 

another task. Quality of gait and gait stability are controlled by various mechanisms of 

the body, and can be influenced by internal and external factors (Hollman, Kovash, 

Kubik, & Linbo, 2007). Decreases in gait stability can lead to falls, reduction of mobility, 

decreased quality of life and increased health care costs for people of all ages. However, 

this is true to a greater extent in older populations (Hollman et al., 2007; Theill, Martin, 

Shumacher, Bridenbaugh & Kressig, 2011; Hamarcher, Singh, Van Dieen, Heller, & 

Taylor, 2011). Gait analysis, therefore, can be a useful tool in fall prevention. Health 

consequences while walking in younger populations typically require more extreme 

disturbances that do not occur in day to day dual task conditions (Theill et al., 2011). 

Nevertheless, analysis of their gait can provide a relevant control for future studies in 

older cognitively and physically impaired populations.   

Although maintaining a stable gait is largely an automatic reflex function reliant 

on sensorimotor processes, it also involves cognition (Beauchet, Dubost, Herrmann, & 

Kressig, 2005). The motor cortex is constantly monitoring our gait with sensory feedback 

and making small, subtle adjustments through top down control. Proof of this theory is 

present in research assessing dual task activities involving gait. For example, Hollman, 

Kovash, Kubick and Linbo (2006) looked at changes in gait velocity and stride-to-stride 

variability under the cognitive load of spelling a five-letter word backwards in younger 

and older participants. The results showed universally that the stride velocity decreased 



COGNITIVE	LOAD	AND	GAIT	
	

and the stride-to-stride velocity variability increased while under cognitive load. These 

findings show that increasing the load on attention in the brain through cognitive tasks 

will decrease gait stability.  

Common gait quality markers used in research are stride and step time, velocity 

and variability. Measurement tools for gait analysis range in terms of cost, portability and 

accuracy, and include camera based formats, Inertial Measurement Units (IMUs), force 

plates, pressure sensors and timing gates (Hundza et al., 2014). Camera-based formats 

such as GoPro video and Microsoft Kinect are relatively low cost and can provide 

accurate measurements, however are time consuming to analyze. IMUs have been 

recently exposed as both a highly accurate and highly portable method of obtaining gait 

analysis variables (Hundza et al., 2014). 

The purpose of this study is to look at changes in gait that occur with the 

cognitive load of counting backward by serial sevens in healthy, university age subjects. 

Analysis will be done using Microsoft Kinect, video analysis, and IMU measurements. It 

is hypothesized that stride time will increase under cognitive load and that velocity will 

decrease under cognitive load.   

II. Methods 

2.1. Participants  

Sixteen subjects participated in the study, three males and thirteen females with 

an average age of 21.8 (range of 20-28 years old). All subjects were healthy university 

students. None of the participants were known to have any current injuries or conditions 

that may have significantly altered or impaired walking gait metrics.   

2.2. Equipment  
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A combination of sensing technology was used simultaneously to analysis gait. 

The technology included: two infrared cameras (Microsoft Kinect), five APDM IMUs, 

and two GoPro cameras accompanied by a 10cm linear grid along the length of the 

pathway, and a Bluetooth microphone.  

2.3. Procedure  

 Participants were tested in groups of four or five and were assigned time slots 

based on availability.  The order of participant testing was randomly assigned within the 

group.  A coin flip determined whether the participants would perform walking trials 

cognitively loaded or unloaded first.  A total of ten self-paced walking trials were 

performed along a ten-meter pathway, five of the trials were performed cognitively 

loaded and five were performed unloaded.  The cognitive load task performed required 

participants to count backwards from a random computer generated three-digit number 

out loud by serial sevens.  

2.3. Data Collection 

The IMU data will include accelerometers and gyroscopes attached to the 

participants’ legs and back.  Four of the IMUs were attached on the anterior shank and 

anterior aspect of the mid-thigh on each leg while another one was attached to lumbar 

vertebrae of the participants. These gyroscopes measure the rate of change of leg’s joint 

angles (angular velocity) of the participants during the walking task. The two Kinect 

devices positioned to capture the frontal view of the subject provided video as well as 

infrared and depth data of the participants throughout the walking task.  A microphone 

was attached near the clavicle on the participants’ shirts to record audio data of the 
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cognitive counting task. Two GoPro video cameras were set up to get sagittal video 

footage of the participants’ gait, the cameras had a 25cm overlap in their field of view. 

The GoPro videos combined with the 10cm linear grid along the ten-meter walking path 

was used to determine stride and step length in video analysis.  

2.4. Data Analysis 

In order to analyze data from the Microsoft Kinect, custom written LabView 

software was used. From the Kinect we obtained measurements of stride length, time, and 

width, which allowed for the calculation of stride velocity. Video taken from the GoPros 

was uploaded into Kinovea to measure step length and step time, velocity was then 

calculated using these measurements. The linear marks of 10cm intervals on the walking 

path were used to ensure accurate calibration when determining step length during video 

analysis.  The video analysis step length and time provided step velocity.  The numerical 

values recorded from the video analysis and IMUs placed on the lower limbs was 

analyzed in Excel.  Stride time obtained from the IMUs was also analyzed using ANOVA 

(analysis of variance software) and step and stride velocities of each foot were analyzed 

using a paired t-test in Microsoft Excel.  Audio data from the microphone was replayed 

using Adobe Audition and the numbers spoken by the participant were recorded in excel, 

from that the percentage of correct numbers said to the total number said was determined. 

This data was then used to find a correlation of spoken numbers to stride length and time 

on the right and left foot.  

III. Results 

3.1 Stride Velocity 
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Stride velocity for both left and right legs decreased in the cognitively loaded 

condition. The left leg had an unloaded stride velocity of 1.23m/s while the right leg had 

a velocity of 1.29m/s; the cognitive load decreased the velocities to 0.996m/s (p=0.01) 

and 1.04m/s (p=0.02), respectively.  

3.2 Step Length 

The step lengths for both left and right steps also decreased with the cognitive 

load. The left foot step lengths decreased from a mean value of 0.895m to 0.799m 

(p=0.01) whereas, the right foot’s step length changed from 0.889m to 0.800m (p=0.03).  

3.3 Step Velocity 

The cognitive load only significantly impacted the step velocity of the right foot. 

The unloaded velocity was 1.68m/s and decreased to 1.34m/s  (p=0.004) once the load 

was applied.  

3.4 Unilateral and Bilateral Unaffected Variables 

The unilateral stride length, stride time, stride time variance, step time, and step 

time variance reported no gait impacts by applying a cognitive load. As well, the bilateral 

stride length, stride time, stride time variance, stride velocity and step time, step time 

variance, step length, and step velocity reported no impacts due to cognitive load.  

3.5 Inertial Measurement Units  

  Analyzing unilateral cognitively loaded versus unloaded termination of frontal 

swing (TOFS) IMU data determined no differences. As well, the IMU data for 

cognitively loaded and unloaded heel strikes (HS) determined no significant difference.  
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3.6. Serial Sevens Task 

There is a positive correlation when comparing the difference of the unloaded and 

loaded left and right foot stride times obtained from the IMUs and the number and 

percentage of correct responses. A negative correlation was shown when comparing the 

difference of the right and left foot stride lengths and the percentage of numbers said 

correctly and when comparing difference of the left stride length and number of responses 

said correctly. From this is can be concluded that the more numbers participants were 

able to say correctly, the less their gait was affected.  

These data are summarized in the following tables.  
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Table 1.  

Differences in Cognitively loaded vs. unloaded unilaterally 

  
Unloaded 
Left Loaded Left 

p-
value 

Unloaded 
Right 

Loaded 
Right 

p-
value 

Stride Length (m) 
      

Mean ± SD 1.27 ± 0.068 
0.996 ± 
0.056 0.09 1.23 ±  0.044 1.12 ± 0.063 0.18 

Stride Time (s) 
      

Mean ± SD 1.05 ± 0.036 1.14 ± 0.044 0.23 
0.986 ± 
0.030 1.11 ± 0.056 0.10 

Stride Time 
Variance 

      
Mean ± SD 

0.263 ±  
0.262 

0.172 ±  
0.109 0.2 

0.195 ±  
0.218 

0.185 ± 
0.0946 0.87 

Stride Velocity 
(m/s) 

      
Mean ± SD 1.23 ± 0.063 

0.996 ± 
0.051 0.01 1.29 ±  0.089 1.04 ± 0.071 0.02 

Step Length (m) 
      

Mean ± SD 
0.895 ± 
0.009 

0.799  ±  
0.009 0.01 

0.889 ± 
0.009 

0.800 ± 
0.012 0.03 

Step time (s) 
      

Mean ± SD 
0.549 ± 
0.003 

0.596 ± 
0.016 0.22 

0.530 ± 
0.001 

0.596 ± 
0.016 0.08 

Step Time 
Variance 

      
Mean ± SD 

0.0479 ± 
0.0849 

0.0536 ±  
0.058 0.84 

0.0307 ±  
0.218 

0.08 ±  
0.0867 0.052 

Step Velocity 
(m/s) 

      Mean ± SD 1.65 ±  0.067 1.41 ± 0.140 0.06 1.68±  0.046 1.34 ± 0.099 0.004 

        

  



COGNITIVE	LOAD	AND	GAIT	
	

Table 2.  

Differences in cognitively loaded vs. unloaded tested bilaterally  

  
Unloaded 
Left 

Unloaded 
Right 

p-
value  Loaded Left Loaded Right 

p-
value  

Stride Length 
(m) 

      
Mean ± SD 1.27 ± 0.068 1.24 ± 0.044 0.88 

1.15 ± 
0.0432 

1.138 ±  
0.0643 0.58 

Stride Time (s) 
      

Mean ± SD 
1.047 ± 
0.0360 

1.0215 ± 
0.0115 0.67 

1.213  ±  
0.0322 

1.146  ± 
0.0384  0.34 

Stride Time Variance 
     

Mean ± SD 0.261 ± 0.061 
0.194 ± 
0.0476 0.45 

0.172 ± 
0.0116 

0.186 ± 
0.0088 0.72 

Stride Velocity (m/s) 
     

Mean ± SD 1.23 ± 0.063 1.29 ± 0.0899 0.58 
0.952 ± 
0.0184 1.01 ± 0.0542 0.45 

Step Length 
(m) 

      
Mean ± SD 

0.898 ± 
0.00891 

0.889 ± 
0.00914 0.81 

0.799 ± 
0.00852 

0.800 ± 
0.0118 0.97 

Step time (s) 
      

Mean ± SD 
0.547 ± 
0.00323 

0.531 ± 
0.00135 0.39 

0.596 ± 
0.0157 

0.5733 ± 
0.0306 0.70 

Step Time 
Variance 

      
Mean ± SD 

0.046 ± 
0.007158 

0.0295 ± 
0.000689 0.49 

0.0541 ± 
0.0033 

0.0806 ± 
0.00742 0.35 

Step Velocity 
(m/s) 

      Mean ± SD 1.66 ± 0.064 1.68 ± 0.0462 0.81 1.41 ± 0.140 1.34 ± 0.0996 0.63 
 

Table 3.  

Termination of frontal swing 

  
TOFS Right 
Unloaded 

TOFS Right 
Loaded 

p- 
value 

TOFS Left 
Unloaded 

TOFS Left 
Loaded 

p-
value 

Stride 
Time (s) 

      Mean ± 
SD 1.109 ± 0.10 1.22 ± 0.22 0.1 1.11 ± 0.10 1.12 ± 0.20 0.23 
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Table 4.  

Moment of last heel strike 

  
HS Valley Right 
Unloaded 

HS Valley 
Right Loaded 

p-
valu
e 

HS Valley Left 
Unloaded 

HS Valley 
Left Loaded 

p-
valu
e 

Stride 
Time (s) 

      Mean ± 
SD 1.10 ± 0.22 1.17 ± 0.28 0.38 1.10 ± 0.10 1.20 ± 0.20 0.23 
 

 

Figure 1. Step time variance right and left cognitively loaded vs unloaded  
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Figure 2. Stride time variance right and left foot loaded vs. unloaded  
 

Table 5.  

Correlation between percentage of correct serial sevens and number of words correct to 
stride length and time  
 

  

TOFS 
Right 
Stride 
Time 

TOFS Left 
Stride 
Time 

HSV Right 
Stride 
Time 

HSV Left 
Stride 
Time 

Right 
Stride 
Length 

Left 
Stride 
Length 

Percentage 
of words 
correct 

0.7716461
94 

0.7975677
23 

0.7508308
66 

0.7631238
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-
0.955339

666 

-
0.37782

4076 
Number of 
words 
Correct 

0.9717276
73 

0.9610050
99 

0.9788059
84 

0.9747800
57 

-
0.336390

099 

-
0.96750

5411 
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IV. Discussion 

4.1 How Cognitive Load Effects Gait   

Results from our study support our hypothesis that stride velocity contralaterally 

decreases in a cognitively loaded condition. However, results do not support our 

hypothesis that stride time would increase, except for the increased right stride Heel 

Strike Valley IMU time data exclusively. Other significant findings include decreasing 

step length in left and right foot. Insignificant findings include increasing unilateral and 

bilateral stride-to-stride variability and comparing in the loaded and unloaded condition.  

The decrease in stride velocity under a loaded condition and the lack of 

significant change in stride-to-stride variability in a younger population is consistent with 

findings from Hollman et al. (2006) and Beauchet, Dubost, Herrmann and Kressig 

(2005). The study done by Beauchet et al. (2007) did find a small amount of significance 

in stride-to-stride variability, however they could not correlate their findings with dual 

tasking. The Hollman et al. (2006) study looked at a broader age range, comparing the 

effect of cognitive loading in younger and older adults. Stride-to-stride variability is a key 

indicator of gait stability in the literature, and tends to show greater increase in older 

populations than a younger population under cognitive load (Hollman et al., 2006).  The 

lack of significant increase in stride-to-stride variability in the present study supports the 

idea that younger populations are at a lower risk for falling while walking under cognitive 

load. 

When participants were able to give more correct responses during the serial 

sevens task it was found that the less likely it was to affect their gait.  In the study 
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performed by Theill et al. (2011) researchers found that there was no significant 

reduction in performance in cognitively healthy individuals during dual-task processing. 

In a population of young, healthy adults it is to be expected that they are cognitively 

healthy and therefore applying a load should not affect gait performance. 

In a population of young individuals it is not expected that there would be 

bilateral differences during the gait. In a study done by Plotnik, Bartsch, Zeev, Giladi and 

Haussdorff (2013) they found that there was anti-phase in the left and right stepping 

patterns of participants.  This is thought to be due to activation of central pattern 

generators (CPGs) in the spinal cord controlling the timing of gait rather than the 

receptors in the brain. It was also found that while gait velocity may have increased or 

decreased, there was no differences found between the left and right stepping phases of 

gait. This finding is consistent with the results found in this study of no bilateral 

differences in a young, healthy population.  Further research would need to be done to 

determine how dual task processing would affect the limbs bilaterally in older 

populations.  

The decrease in velocity while under cognitive load seen across age groups and 

health status in the literature has been theorized as a coping mechanism for performing 

two tasks at once (Hollman et al., 2006). Although previous studies have associated the 

decrease in stride velocity with a subsequent decrease in stride time (Beauchet et al., 

2005), the results of this study found it associated with a decrease in step length. The 

increase in stride time was theorized to be associated with increased time spent in the 

double-support phase, which could work to reduce the amount of time spent in the least 

stable and most attention worthy gait phase: the swing phase (Beauchet et al., 2005). The 
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decrease in step length could be a similar coping mechanism. The decrease in 

performance under dual tasking reflects the ‘capacity sharing model’ of dual tasking, 

which implies that the cognitive task and the motor task of gait compete for attention in 

the brain, which leads to the reduction in performance of one of or both tasks, and could 

explain the decrease in stride velocity ( Beauchet et al., (2005); Hollman et al., 2006).   

4.2 Clinical Implications  

Research in young populations is clinically relevant, it can be used as a control for 

future research involving cognitively impaired and unimpaired older adults in order to 

determine the root cause of falls among older adults and how it can be prevented. 

Therefore, clinicians need to be aware of potential risks associated with dual-task 

processing during gait in order to address fall risk and properly advise clients through gait 

and fall interventions.   

4.3 Limitations 

This study was conducted with a low number of predominantly female university 

participants with a mean age of 21.8 years. Therefore, it is not possible to apply our 

results to the general population or an elderly population. However, this does create 

precedent to suggest further research using a larger participant pool and variable age 

range. By implementing these suggestions, research could highlight the implications of 

cognitive load and fall prevention in seniors.  Stats analysis used during this research 

included two-tailed t-test, using this increases the room for type 1 error due to the number 

of tests being performed and as such may produce a false-positive relationship.  
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V. Conclusion 

From this study, it is shown that cognitive load in young adults causes change in 

gait.  During the cognitively loaded tasks it was noticed that stride velocity decreased, as 

did step length and right foot step velocity.  It can be concluded from these results that 

gait requires cognitive attention.  However, no significant differences were found in step 

or stride time.  In future studies, we recommend a greater sample size, a greater 

percentage of males, and comparing a young population to an elderly population. 

Furthermore, these findings confirm cognitive load does affect gait and may be of 

application for gait interventions, as well as advocate for future demographic specific 

research. 
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