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Background
Walking and running are among the most common types of physical 

activity as they compose the main forms of human transportation [1-
3]. Both walking and running have shown to be highly predictive for 
future cardiovascular and general health [1-6], and the 2008 Physical 
Activity Guidelines for American States indicates that people should 
participate in approximately 30 minutes of fast walking five days a week 
[7]. 

Support for pedometer-determined physical activity has gained 
popularity, and a 10,000 steps/day recommendation for general health 
has been given [8-9]. The advantages of this recommendation are that 
it is specific, easy to remember and behavior focused [8-9]. There are 
increasing documentation for 10,000 steps/day or more to be associated 
with good health (e.g. less body fat and lower blood pressure) [8,10,11]. 
However, studies have indicated that not only the number of steps per 
day but also the step frequency are important for the health benefits 
[3,12]. Moreover, studies indicate that running leads to greater energy 
expenditure and increased muscular activation, hence more positive 
health outcomes, compared to walking the same distance [3,13-16]. 

The existing studies investigating the relation between number 
of steps and step frequency of walking and health outcomes are 
primarily based on self-reported information of walking cadence. 
Self-administered questionnaires are found to be imprecise and biased 
[17,18]. Therefore, the existing knowledge about the importance 
of number of steps and step frequency in walking and running with 
respect to health is uncertain. Objective methods, which are able to 

identify and differentiate between walking and running, as well as 
measure the number of steps and step frequency during free-living are 
important for improving our knowledge about their importance for 
health. 

Accelerometers have become a common way of collecting objective 
data of physical activity [19]. Recently, we have shown that a single 
accelerometer placed on the thigh can differentiate between physical 
activity types like walking and running from other types of activities 
with a high sensitivity and specificity [20]. In previous research, 
accelerometers have been applied for measuring step frequency during 
walking and running [8,21]. However, as outlined by Dinesh et al. 
[22] and Rowlands et al. [21], it is necessary to investigate if triaxial
accelerometers (e.g. Actigraph GT3X+) have the ability to correctly
measure the number of steps and step frequency during high walking
and running speeds, as this has been a limitation of previous versions
of accelerometers (i.e. uniaxial accelerometers). Hence, the main aim
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Abstract
Background: Walking and running are main human locomotor activities during daily living, and well known to 

strongly predict health impairment and mortality. Hence, the main aim of this study was to assess the ability of a 
commercial and a custom made software for determining number of steps and step frequency during walking and 
running with an accelerometer in a semi-standardized setting. 

Methods: 20 subjects (6 males and 14 females) equipped with the Actigraph GT3X+ tri-axial accelerometer at 
the thigh and the hip carried out a protocol of three walking speeds and three running speeds. The validity of the 
accelerometer ability to count steps and estimate step frequency was determined by comparing data from ActiLife 5 
and custom made software (Acti4) with observations from video recordings from the different activity speeds. 

Results: No significant differences in number of steps or step frequencies were found between the video 
observations and Acti4 measures in any walking and running speeds. The ActiLife 5 software recorded a significantly 
lower number of steps and step frequencies compared to the video observations in the three walking speeds and in 
the fastest running speed. Pearson’s correlations and Bland-Altman plots indicated large to very large correlations 
and a high degree of agreement between the video observations and both the custom made Acti4 software and 
commercially available ActiLife software at all speeds of walking and running. 

Conclusion: The custom made Acti4 software showed valid results for estimating steps and step frequency at 
slow, moderate and fast speeds of walking and running. Combined with the ability to detect activity type, the Acti4 
software provides a valid objective method for measurements of number of steps and step frequencies.
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of this study was to assess the ability of commercial software (ActiLife) 
and custom made software (Acti4) based on data from the Actigraph 
GT3X+ accelerometer for estimating the number of steps and step 
frequency during walking and running at three different speeds. For 
the validation of the two software systems, the estimates during walking 
and running are compared with video observations (gold standard) in a 
semi-standardized setting. 

It is noted that both of the software systems ActiLife and Acti4 
include calculation of steps during walking/running. However, the 
main feature of the Acti4 software is the ability to detect different 
activity types (i.e. lying, sitting, standing still, moving, walking, 
running, walking stairs, and cycling) whereas the main outputs of the 
ActiLife software are activity counts and energy expenditure. Moreover, 
Acti4 can handle data by up to 4 Actigraphs yielding information of 
inclination of trunk and arm. So the Acti4 offers some increased and 
alternative ways of analyzing Actigraph data.

Methods and Procedures
Procedures

The study subjects were asked to perform a semi-standardized 
protocol of different locomotor tasks including walking and running 
at six different self selected speeds varying from low to high intensity 
over defined time spans. This was performed in a wide-open storage 
room at the participants’ workplace. The subjects wore an ActiGraph 
GT3X+ accelerometer at standard positions at the right thigh and hip 
and were filmed with a hand-held digital video camera during the 
entire protocol. 

Participants

The staff of an aircraft cabin cleaning company was, through a 
workers trade union, invited to participate in this study. Six male 
and 14 female participants (age 43.0 ± 7.2 (± SD) years, body mass 
68.3 ± 13.3 kg, stature 168.6 ± 7.6 cm and body mass index 24.1 ± 
4.6 kg.m-2) volunteered and were recruited. Prior to testing, a written 
informed consent was obtained from all participants. Thereafter, an 
initial screening interview, concerning possible exclusion criteria, was 
conducted. Exclusion criteria were pregnancy and fever on the day of 
testing in addition to elevated blood pressure (>160/100 mmHg), angina 
pectoris, medical treatment of heart and lungs and or trauma/pain in 
involved body parts. Two of the included subjects refrained from doing 
the running tasks as they had somewhat elevated blood pressure. The 
experiment was approved by the local Ethics Committee (H-2-2011-
047) and conducted in accordance with the Helsinki declaration. 

Instrumentation

Two ActiGraph GT3X+ accelerometers (19×34×45 mm, weight 
19 g) sampling accelerations in three directions with a frequency of 
30Hz were used. Raw data was stored in a 250 MB memory and the 
dynamic range of the accelerometer was ± 6G (1G = 9.81 m/s2). The 
accelerometers were initialized for recording and data downloaded 

using the manufacturer’s software (ActiLife version 5.5). The 
accelerometers were fixed by tape (3M, Hair-Set, double sided adhesive 
tape and Fixomull, BSN medical) at the right medial front thigh 
midway between the crista iliaca and the upper line of patella and on 
the right side of the hip, just below crista iliaca. The video recordings 
(Sony, DCR-PC110E, Japan) were later time synchronized with 
Actigraph data, digitized and played back for manual counting of steps 
by observations and for the estimation of step frequency.

Protocol for detection of step frequency

A protocol of three walking speeds and three running speeds 
were performed by all participants. The protocol aimed at having 
the participants moving with three different step frequencies during 
walking and running over 30 to 60 seconds. Due to the higher number 
of steps during running compared to walking we estimated that 30 
seconds of running would result in approximately the same number 
of steps as with 60 seconds of walking. The exact instructions given 
to the participants are given in Table 1. To produce a reference point 
for synchronization of the video recordings and the accelerometer, the 
exact time of beginning the protocol was recorded, and the participants 
started the protocol by performing a short period of standing still and 
rapidly lifting the right thigh. 

Data analysis

Using the ActiLife software, the raw data were exported to data files 
(text) with epoch length of 1 s, and the number of steps summarized for 
each walking and running interval (The Low frequency extension option 
of the ActiLife software was not used). By using the Acti4 software, 
accelerometer data recorded by an accelerometer at the thigh were 
used for classifying activities in periods of walking, running, cycling, 
stair walking, sitting and standing still [20]. The standard deviation of 
the acceleration in the direction of the longitudinal axis of the thigh 
was used to discriminate walking and running. Values less than 0.72 
G classify for walking and values above classify for running. The Acti4 
software derives the instantaneous step frequency by frequency analysis 
of the acceleration recorded by the thigh accelerometer in the direction 
of the longitudinal axis of the thigh. The frequency analysis based on 
fast Fourier transform (FFT) is performed for a running window with 
a size of 128 samples (approx. 4 s) with a 1 s displacement between 
windows. The instantaneous step frequency is then integrated for each 
walking and running interval to derive the final number of steps. 

All video observers participated in a standardized observer training. 
Therefore, before observing the observers practiced the observational 
method using five video sequences of 15 minutes with the participants 
while doing normal working routines. The video recordings were 
observed according to a predetermined standardized observational 
guideline modified from an existing observational guideline [23], 
and the observer used a custom made computer-based program for 
registration of different activity types (e.g., lie, sit, stand, walk, jog, run, 
walk in stairs). 

Speeds Instructions
Slow walking “Walk for 60 seconds with the speed you would choose if you were walking inside your home.”

Moderate speed walking “Walk for 60 seconds with the speed you would choose if you were walking purposely from A to B“.
Fast walking “Walk as fast as you can for 60 seconds”
Slow running “Jog for 30 seconds with the speed you would choose if you were to jog for an hour.”

Moderate speed running “Run for 30 seconds with the speed you would choose if you had to run for 10 minutes”
Fast running “Run as fast as you can for 30 seconds”

Table 1: An overview of the six instructions given in the protocol.
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Statistical analysis

Statistical analyses were conducted in IBM SPSS statistics version 
19 (SPSS Inc., Chicago). Statistical significance was set at p ≤ 0.05. 
Pair wise missing data (n = 3, all of them missing “Slow running”, 
“Moderate speed running” and “Fast running”) are excluded in the 
conducted comparisons. To examine correspondence in number of 
steps and step frequency of the Acti4 and ActiLife software with the 
video observations, Pearson’s product moment correlation was used. 
Further, Student’s paired t-tests were used to investigate differences in 
number of steps and step frequencies between the two measurement 
software systems (Acti4 and ActiLife) and the video observations in 
each of the respective walking and running tasks. Further, Bland-
Altman plots were used to test the agreement between the number of 
steps and step frequencies measured by the video observations and the 
Acti4 and ActiLife software for all walking and running speeds. Plots 
with bias (mean difference between video observations and Acti4 and 
ActiLife) and limits of agreements (mean difference ± 1.96 SD) are 
presented.

In order to establish the inter rater reliability (IRR), three persons 
observed video recordings from 10 participants. The inter rater 
reliability was calculated using intra-class correlation coefficient (ICC; 
3.1) [24]. An ICC value of ≥ 0.75 was considered good and ≥ 0.9 was 
considered excellent [25]. 

Results
Very low absolute differences in step count (-0.4 to 0.6) were 

revealed between the Acti4 estimations and the video observations 
(Table 2). This corresponds to an overestimation of 0.3 to 0.7%. 
Assessed by the paired t-tests, no significant differences in walking and 
running speeds were found. Furthermore, high correlations between 
the Acti4 estimations and the video observations within all walking 
and running speeds (r = 0.857 to 0.979) (Table 2) were observed. Also, 
the Bland-Altman plots indicate good agreement between the video 
observations and the Acti4 estimations (Figure 1).

A significant difference was found between the number of steps 
observed with video and the estimates from the ActiLife software in 
slow walking (4.2 ± 3.6 steps, p ≤ 0.001), moderate speed walking (2.6 
± 2.7 steps, p ≤ 0.001), fast walking (3.0 ± 4.2 steps, p ≤ 0.01) and fast 
running (3.6 ± 5.0 steps, p ≤ 0.05) (Table 3). This corresponds to an 
underestimation of steps of 3.7%, 2.1%, 2.2% and 4.0% during slow 
walking, moderate speed walking, fast walking and fast running, 
respectively. Furthermore, high correlations (r = 0.585 to 0.937) 
between the two measurement methods for all three walking and 
running tasks were found (Table 3). Also, the Bland-Altman plots 
indicate good agreement between the video observations and the 
ActiLife estimations (Figure 2).

Reliability of video observations

The inter-rater reliability (ICC; 3.1) was 0.97-0.98 in settings 
comparable to the one used in this study, which is generally considered 
to be excellent [23].

Discussion
The purpose of this study was to assess the ActiLife 5 and custom 

made Acti4 software systems ability to estimate the number of steps 
and step frequency during walking and running at different speeds 
with accelerometers. The main findings were that a low numerical 
difference, no statistical differences and high degree of agreement 
were found between the custom made Acti4 software algorithm and 
the video observations for step count and step frequency in the three 
walking and three running speeds. When assessed by the commercially 
available ActiLife 5 software, statistical significant lower numbers 
of steps were found compared to the video observations within the 
three walking speeds. This corresponds to an underestimation of 
steps of 3.7%, 2.1%, 2.2% and 4.0% during slow walking, moderate 
speed walking, fast walking and fast running, respectively. The latter 
strengthens previous findings of limited accelerometer abilities to 
correctly estimate movements with high speed/frequency. Assessed by 
the Pearson’s correlation coefficient, large to very large relationships 
between the video observations and the ActiLife 5 estimations were 
found. 

The very high correlations between the video observations and the 
custom made Acti4 software in step count and frequency within all 
three walking and running speeds indicate that the Acti4 software is 
very well able to estimate step count and frequency. We interpret the 
Bland Altman plots to strengthen these findings, as they show good 
agreement between the two measurement methods. 

Also, the correlations between the commercial ActiLife 5 software 
estimations and the video observations were very large, and we 
interpret the Bland Altman plots to indicate good agreement between 
the ActiLife estimations and the video observations as well. Previous 
research have shown that measurements of fast running when using 
the Actigraph accelerometer or other motion sensors is complicated 
and can fail [21-22]. Problems stemming from amplitude and band 
pass filtering of raw signals has been shown to reduce response to 
high speed and frequency of movements [22]. Hence, it could be 
problematic to distinguish between moderate and fast speed running, 
as experienced and expressed by significant difference between video 
observations and ActiLife 5 estimates in the present study. However, 
Rowlands et al. [21] previously found very large and significant 
correlations between visual counted steps (i.e. step frequency) and 
estimations from the commercial ActiLife 5 software when wearing 
the Actigraph accelerometer. This is in line with the present findings, 

Speed/Activity
Video observations Acti4 estimations Mean Difference ± SD 95 % Confidence Interval Pearson’s 

correlation
Step count Steps/s Step count Steps/s Step count Steps/s Step count Steps/s r-value

Slow/Walking 114.7 ± 7.5 1.91 ± 0.12 114.3 ± 7.0 1.90 ± 0.12 0.4 ± 1.6 0.01 ± 0.03 -0.3 to 1.1 -0.01 to 0.02 0.979**

Moderate/Walking 121.7 ± 7.7 2.03 ± 0.13 122.0 ± 8.3 2.03 ± 0.14 -0.4 ± 2.0 -0.01 ± 0.03 -1.3 to 0.6 -0.02 to 0.01 0.970**

Fast/Walking 136.7 ± 11.2 2.28 ± 0.19 136.4 ± 11.2 2.27 ± 0.19 0.4 ± 2.9 0.01 ± 0.05 -1.0 to 1.7 -0.02 to 0.03 0.967**

Slow/Running 83.3 ± 7.2 2.78 ± 0.24 82.6 ± 7.5 2.75 ± 0.25 0.6 ± 4.0 0.02 ± 0.13 -1.4 to 2.7 -0.05 to 0.09 0.857**

Moderate/Running 86.6 ± 5.4 2.89 ± 0.18 86.2±5.5 2.87 ± 0.18 0.4 ± 2.6 0.01 ± 0.09 -1.0 to 1.7 -0.03 to 0.06 0.888**

Fast/Running 88.9 ± 7.5 2.96 ± 0.25 88.3 ± 8.2 2.95 ± 0.27 0.5 ± 2.6 0.02 ± 0.09 -0.9 to 2.0 -0.03 to 0.06 0.948**

Data is shown as means ± SD. *p ≤ 0.001, **p ≤ 0.01

Table 2: Estimated number of steps and step frequency from video observations (gold standard) and Acti4 software from Actigraph data during three walking (n=20) and 
three running (n=17) speeds. Paired differences with 95 % confidence intervals and Pearson’s correlations are shown.
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Figure 1: Bland-Altman plots showing the combined mean of the video observations and the custom made Acti4 software measures of the number of steps within the 
different slow, moderate and fast walking (1-3) and running (4-6) speeds on the x-axis, and the difference between the two assessment methods on the y-axis. Bias 
(mean difference) is presented as the middle horizontal line and the limits of agreements (± 1.96 SD) as the dashed lines.
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Figure 2: Bland-Altman plots showing the combined mean of the video observations and the ActiLife software measures of the number of steps within the different 
slow, moderate and fast walking (1-3) and running (4-6) speeds on the x-axis, and the difference between the two assessment methods on the y-axis. Bias (mean 
difference) is presented as the middle horizontal line and the limits of agreements (± 1.96 SD) as the dashed lines.
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although we observed somewhat stronger relationships between our 
custom made Acti4 software estimates and the video observations.

Limitations

We consider the main limitations to be the relatively few and 
homogeneous participants, which may limit the generalizability to 
other populations. Another limitation is that the walking and running 
were performed in a semi-standardized setting, and therefore may 
not be directly applicable for more complex settings of walking and 
running like in heavy terrain or in sports.

Conclusion
We found the Acti4 to give valid estimates of the number of steps 

and step frequency during walking and running with three different 
speeds. This finding is of importance as it has been a limitation 
of previously used uniaxial accelerometers. Combined with the 
ability to detect the type of activity (i.e. walking or running), present 
accelerometers are shown to have a good ability to produce valid 
objective measures of step counts and frequency. Valid measurements 
of steps also during high walking and running speeds would provide 
the opportunity to better investigate their prospective associations 
with different health outcomes in larger study populations. The latter 
is important as self-administered questionnaires has been shown to be 
imprecise and biased. 
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Speed/Activity
Video observations ActiLife estimations Mean Difference±SD 95 % Confidence Interval Pearson’s 

correlation
Step count Steps/s Step count Steps/s Step count Steps/s Step count Steps/s r-value
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Fast/Walking 136.7 ± 11.2 2.28 ± 0.19 133.7 ± 10.2 2.23 ± 0.17 3.0 ± 4.2** 0.05 ± 0.07** 1.0 to 5.0 0.02 to 0.08 0.928**
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Moderate/Running 86.6 ± 5.4 2.89 ± 0.18 85.1 ± 5.1 2.84 ± 0.17 1.5 ± 4.7 0.05 ± 0.16 -1.1 to 4.0 -0.04 to 0.13 0.585***

Fast/Running 88.9 ± 7.5 2.96 ± 0.25 85.3 ± 7.9 2.84 ± 0.26 3.6 ± 5.0*** 0.12 ± 0.16*** -0.9 to 6.3 0.03 to 0.21 0.791**

Data is shown as means ± SD. * p ≤ 0.001, ** p ≤ 0.01, *** p ≤ 0.05.

Table 3: Estimated number of steps and step frequency from video observations (gold standard) and ActiLife software from Actigraph data during three walking (n = 20) 
and three running (n = 17) speeds. Paired differences with 95 % confidence intervals and Pearson’s correlations are shown.
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