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Introduction
One of the fundamental concepts of kinanthropo-
logie is physical activity. This term means purpo-
seful physical activity associated with participati-
on of striated muscles. This activity is in context 
with motion abilities, skills and physical fitness. 
Physical activities in natural environment (outdo-
or activities) are one of alternatives. Our subject 
will be outdoor activities – running and its mo-
nitoring.
If we want to regulate this motion activity delibe-

rately, it is necessary to know the input data, ie. 
it has to be somehow monitored and evaluated. 
There are different approaches to physical activity 
monitoring, which can be divided into two areas.
The physiological approach focuses on monitoring 
nature and degree of energetic metabolism activa-
tion (Frömel, Novosad, & Svozil, 1999). The most 
common and at the same time the most accessible 
method of monitoring and evaluating intensity of 
exercise is heart rate monitoring (Hnízdil, Škopek, 
& Havel, 2012; Šmíd, 2009). This is made possible 
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by various portable toddlers (sport-testers, cardio-
tachometers, heart rate indicators), which are cu-
rrently available on the market.
The pedagogical approach mainly focuses on 
description of specific characteristics of physical 
activity, such as kinematical type of activity, speed 
of execution, duration, frequency, etc. (Psotta, 
2003).
In practice, these two approaches are complemen-
tary and they are used for planning and managing 
musculoskeletal exercise. To manage physical ac-
tivity with using heart rate we can also use other 
parameters such as speed, time, distance and their 
mutual relations (Hnízdil, Škopek, & Havel, 2012). 
Therefore we can talk about more complex moni-
toring of physical activity.  It is used in sports trai-
ning, educational process or eventually in recreati-
onal activities. The following range of tools is used 
to monitor outdoor locomotive activities:

Devices functioning with the help of 
satellite navigation system
Global Positioning System is a satellite service that 
enables autonomous satellites using spatial positio-
ning with global coverage. Electronic radio receiver 
users that based on signals sent from the satellites 
allow to calculate their position with an accuracy of 
tens of meters to the unit. When used for military or 
scientific purposes may be accurate to a few centi-
meters. There are several systems of satellite naviga-
tion: the European system Galileo, China‘s Compass, 
Russian Glonass, the American Navstar GPS, etc.
Part of the service system GPS (Global Positioning 
System), but with limited accuracy, is freely availab-
le to civilian users. In the area of monitoring phys-
ical activities, this method is quite enjoying great 
popularity. The advantage is the easy availability 
of devices, which includes modules that with the 
GPS signal works. On the market are devices that 
are specifically designed for monitoring physical 
activities or use various software applications such 
as in mobile phones, watches. Popular applications 
include Endomondo or Sportracker (Agency, 2013; 
SporTracker, 2013). These applications allow you to 
monitor a wide range of outdoor activities (eg, run-
ning, cycling, hiking, skiing, paddling, rowing) and 
their parameters such as distance covered, speed, 
duration, tempo, etc. In conjunction with the map 
data can be analyzed physical activity from geogra-
phic view. Unfavorably seems limited or impossible 
use in indoor activities (such as sports games), and 
limited or poor accuracy when GPS signal (eg in 
mountainous terrain).

The motion sensors
One of the motion sensors are pedometers, which 
work on the principle of a spring, which detects 
a change in motion in vertical axis (when step). 
The advantage of pedometers is affordability and 
simple handling. However, it’s the major limitation 
is usability for locomotion physical activities only 
(walking, running).
Other motion sensors, called accelerometers, work 
on the different principle. Accelerometers register 
acceleration or deceleration of motion directly, 
and currently they have 3-axis which leads to more 
accurate data compared to pedometers (Hnízdil, 
Škopek, &Havel, 2012). These devices allow mea-
suring length and frequency of steps, acceleration 
or deceleration of motion or duration of physical 
activity, eventually expenditure of energy.
The quality of measuring by using GPS is delibera-
tely limited for public use. For military purposes it 
works in the order of centimeters but for personal 
use in the order of meters or tens of meters. In the 
sports environment, the accuracy up to 99% was 
found (Aughey, 2011). The validity of accelerometers 
and pedometers is satisfactory (r = 0,6-0,9) in basic 
types of locomotion such as continuous, prolonged 
walking or running (Psotta, 2003). On the contra-
ry, validity of these devices significantly decreases 
when changing the type of locomotion activity (eg. 
from running forward to run sideways etc.), when 
changing the direction or when measuring the lo-
comotion of short alternating high intensity. Eg. 
the accuracy in sport games was within the range 
of 5-25% (Psotta, 2003). The values of correlation 
coefficient appears to be relatively high (r=0,9-1) in 
studies supporting the use of accelerometers for tre-
ating obesity (Horner, 2011).
On a today market, there are many devices working 
on different principles of controlling the motion 
(heart rate, accelerometer, GPS), which are desig-
ned to monitor outdoor physical activities and they 
are available to the public (eg The Nike +, Garmin 
Forerunner, Adidas miCoach). It is even possible 
to get a device with specific needs, eg for seniors 
(Burns, 2012).
One of the basic parameters of the measuring de-
vices is the distance covered by physical activity 
(locomotion, cycling, alpine skiing etc). We are 
going to focus on locomotive physical activity and 
quality of accelerometer measurements.
The aim of study is to contribute to the issue of acce-
lerometers measurements quality. The specific task 
was to determine the degree of reliability and vali-
dity of Adidas miCoach Pacer device for measuring 
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distance covered by locomotion without changes of 
direction and with changes of direction. 

Methodology
The sample was consisted of 8 students studying 
physical education at the age of 23,3 ± 1,38 years; 
body height 177,6 ± 4,1 cm, body weight 79,1 ± 6,5 
kg. They were trained individuals. 
The subject of our study is Adidas miCoach Pacer 
device (company Adidas, Germany). This device is 
being sold in a kit with step sensor, handset and he-
art rate monitor. The device is designed for training 
of running in outdoor environment and by using 
the manufacturer’s website you can plan and eva-
luate your training. The device can be used in two 
modes. The free mode records only training data 
(distance, speed, number of steps, time and heart 
rate) and also allows to plan trainings according 
to manufacturer’s online templates or your own 
ones. The second mode provides information to 
the runner through the handset in real time – the 
so-called coaching. After the training, data are tran-
smitted to online training diary for an evaluation.
Technical data of miCoach Pacer: size 56 × 41 
× 16.75 mm, weight 22,9 g, 2,4 GHz operating 
frequency, connection range 2,5 m, fixing by clip 
on the back of garment. Heart rate monitor is si-
zed 63 × 38 × 10,5 mm, weight 19,5 g, range 14-
240 pulses min-1. The step sensor has dimensions 
(including shoes clip) 45 × 29 × 13 mm, weight 9 
g, speed range from 3,6 to 19,8 km.h-1. The step 
sensor is attached to the shoe using one-piece clip 
or is inserted into the hollow of compatible sho-
es (Adidas, 2013). The manufacturer gives a cali-
brated accuracy of measuring speed and distance 
while running 98% and uncalibrated 95%. 
Before the measuring took place, the calibration 
was performed exactly according to the instructi-
ons given by manufacturer. The manufacturer 
recommends calibration distance at least 400m 
of uninterrupted run. To calibrate the device, we 
used distance 500m on an athletics track which is 
homologated by Czech Athletic Federation.
The following measurements were performed 
by all probands (every measurement took place 
twice, after one week): 1st – measurements on 
the athletic track – walk forward (speed up to 7 
km.h-1), running forward 1200 m (7 – 15 km.h-1), 
running backwards 400 m (8 – 12 km.h-1), run si-
deways 400m (8 – 12 km.h-1). The second measu-
rement took place in the sports hall – distance and 

speed were the same as in the first measurement 
but the distance was covered by shuttle run test, 
ie 20m section repeatedly (there were changes of 
direction). Unlike on the athletic track, one more 
measurement was added. A combination of diffe-
rent methods of locomotion (running forward, ru-
nning backward, run sideways) at a distance of 80 
m – the agility test (FIFA, 2012)(This test was not 
included in comparing of covered distance on the 
athletics track and in the sportshall). Both the first 
and the second measurement took place on the 
same athletics track and in the same sports hall, 
at the same time, in the same clothes and shoes of 
probands. The speed of probands was checked by 
Dartfish video tool.
The measured data were transferred by Adidas 
miCoach Manager software into the online appli-
cation on the website of manufacturer. From this 
graphical and text online view, the rates of distan-
ce and speed were deducted and these rates were 
summarized and tabulated. The tool we used for 
statistical processing of the data was program Sta-
tistica Trial (StatSoft, Inc.).
The criterial parallel validity was related to the cri-
teria, which was validated 400 m athletics track. 
For the assessment the differential graph was used 
(Bland & Altman, 1986). This graphical method 
evaluates dissimilarity between two methods of 
measuring (Hendl, 1997), in our case the measu-
rements taken by Adidas miCoach device and the 
corresponding distance on the athletics track. On 
the x-axis there are averages of involved measu-
rement methods and on the y-axis there are dif-
ferences between them. The graph also contains a 
horizontal line showing the average difference and 
two horizontal lines at the levels of +1,96 s diffe-
rence and -1,96 s difference.
The reliability was evaluated by repeated measu-
rements, so-called test-retest. We used descriptive 
statistics and we determined the degree of reliabi-
lity by Pearson’s correlation coefficient.

Results and discussion

Validity and measuring
The results and descriptive statistics of measuring 
on 400m athletics track – walk forward (speed 
up to 7 km.h-1), run forward 1200m (7-15 km.h-

1), run backwards 400m (8-12 km.h-1), side gallop 
400m (8-12 km.h-1). x - average, s – standard devi-
ation, Me – median (tab.1).

1200 m walk (m) 1200 m run (m) 400 m run 
backwards  (m)

400 m side 
gallop (m)

proband test test test test
A 1240 1180 430 410
B 1170 1260 480 340
C 1210 1200 480 420
D 1090 1180 460 360
E 1220 1190 420 420
F 1190 1250 470 350
G 1230 1200 460 400
H 1100 1170 440 370
x 1177,50 1203,75 455,00 383,75
s 57,68 33,35 22,68 32,49
Me 1200 1195 460 385

Picture 1 Bland-Altmans graph for comparison of 
measuring methods by Adidas miCoach device and 
the criteria (1200m walk).

Picture 2 Bland-Altmans graph for comparison of 
measuring methods by Adidas miCoach device and 
the criteria (1200m run).

Picture 3 Bland-Altmans graph for comparison of 
measuring methods by Adidas miCoach device and 
the criteria (400m run backwards).

Picture 4 Bland-Altmans graph for comparison of 
measuring methods by Adidas miCoach device and 
the criteria (400m side gallop).

From the graphs above (pictures 1-4) we do not consider presence of systematic or proportional error. All 
items can be assumed to have a certain resemblance between the two methods.
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Then we calculated correlation coefficient to determine validity

Table 2 Validity coefficients (r) of each tested items.

1200 m walk 1200 m run 400 m run 
backwards

400 m run
sideways

coherently 
on an athletic 
track

r 0,57 0,41 0,27 0,17

Reliability of measurements
The results of 1st and 2nd measurements on 400m 
athletics track – walk forward (speed up to  

7 km.h-1), run forward 1200m (7-15 km.h-1), run bac-
kwards 400m (8-12 km.h-1), run sideways 400m (8-
12 km.h-1). x - average, s – standard deviation (tab.3).

Table 3 The results of 1st and 2nd measurements on 400m athletics track

1200 m walk (m) 1200 m run (km.h-1) 400 m run 
backwards (km.h-1)

400 m side 
gallop (km.h-1)

proband test retest test retest test retest test retest
A 1240 1230 1180 1220 430 420 410 410
B 1170 1180 1260 1260 480 430 340 370
C 1210 1190 1200 1240 480 450 420 410
D 1090 1210 1180 1260 460 470 360 370
E 1220 1230 1190 1220 420 420 420 380
F 1190 1180 1250 1260 470 470 350 350
G 1230 1190 1200 1240 460 460 400 410
H 1100 1100 1170 1260 440 450 370 370
x 1177,50 1188,75 1203,75 1245,00 455,00 446,25 383,75 383,75
s 57,68 41,21 33,35 17,73 22,68 20,66 32,49 23,26

The results of 1st and 2nd measurements in sports hall 
by shuttle run on 20m section - walk forward (speed 
up to 7 km.h-1), run forward 1200m (7-15 km.h-1), 

run backwards 400m (8-12 km.h-1), side gallop 400m 
(8-12 km.h-1), FIFA agility test (changes of direction 
and locomotion). x - average, s – standard deviation.

Table 4 The results of 1st and 2nd measurements in sports hall by shuttle run on 20m section
1200 m walk (m) 1200 m run (m) 400 m run 

backwards (m)
400 m run 

sideways (m)
80 m FIFA 

agility test (m)
proband test retest test retest test retest test retest test retest
A 1210 1210 1210 1130 440 440 450 360 70 70
B 1130 1130 1280 1290 440 440 360 370 90 90
C 1210 1110 1140 1110 410 490 440 420 100 100
D 1130 1080 1280 1200 440 500 360 410 80 80
E 1170 1120 1210 1130 480 410 360 440 70 90
F 1060 1120 1280 1290 440 430 440 380 100 80
G 1120 1170 1140 1110 420 440 440 420 90 80

1200 m walk (m) 1200 m run (m) 400 m run 
backwards (m)

400 m run 
sideways (m)

80 m FIFA 
agility test (m)

proband test retest test retest test retest test retest test retest
H 1120 1060 1280 1200 430 420 360 370 70 70
x 1143,75 1125,00 1227,50 1182,50 437,50 446,25 401,25 396,25 83,75 82,50
s 50,69 47,51 62,05 75,36 20,53 32,04 44,22 29,73 13,02 10,35

Table 5 Reliability coefficients (r) of each tested items

1200 m walk 1200 m run 400 m run 
backwards

400 m run 
sideways

80 m FIFA 
agility test

coherently 
on an athle-
tic track

r 0,57 0,4 0,53 0,79 X

incoherently 
at the athle-
tic track

r 0,35 0,84 0,51 0,08 0,57

Discussion
With regard to our aim of the work, we state that 
the distance covered by locomotion measured by 
Adidas miCoach device is significantly different 
from the criteria. The range of correlation coeffici-
ent was r = 0,17 to 0,57. The greatest inaccuracies 
are evident in unorthodox ways of locomotion (ru-
nning backwards, sideways gallop, see Tab 2). This 
confirms the statement of Psotta who claims that 
measuring of distance using accelerometers has low 
validity with other forms of locomotion than conti-
nuous running forward (Psotta, 2003).
It was not a surprise to us that the measurement of 
unorthodox ways of locomotion is not valid, but we 
were surprised by the values we found when run-
ning forward. Finding of this is in contrast with re-
search which assessed the quality of similar devices 
where measuring accuracy of 3%, as stated by the 
manufacturer was confirmed (Hnízdil, Škopek, & 
Havel, 2012). This was probably also caused by the 
fact, that running speed range was 7-15 km.h-1.
Given the fact that the device is designed especia-
lly for running, we expected much better measure-
ment validity – however, we are aware that the rese-
arch sample limits predicative value of our results. 
We believe that the fact, that distance is measured 
only in tens of meters, not in ones, has a negative 
influence on results. This is evident from the onli-
ne application, because it is not possible to deduct 
distance not rounded to dozen. Nevertheless, it is 
interesting that the device is able to measure each 
meter, because this information is verbally stated 
after completing your training. Some graphs (re-

cording physical activity) also show, that the device 
responds slightly tardily when starting locomoti-
on – information about distance is retrieved after 
about 2-3 seconds.
The degree of reliability by test-retest was assessed 
by continuous locomotion (Table 3-5) on the athle-
tic track, where the coefficient of reliability was in 
range r = 0,4 to 0,79. Very surprising is the high rate 
at a sideways gallop (r = 0,79). However, this value 
is slightly misleading according to the above validi-
ty of the device.
The reliability of measurements in the sports hall 
performed in “shuttle” way on 20m section had a 
very large range for every type of locomotion (r = 
0,08 to 0,84). We were very surprised by the values 
of FIFA agility test, where changes in locomotion 
and direction are made, which were very similar (test 
x=83,75 ±13,02 m vs. retest x=85,50 ±10,35 m).  
The product, Adidas miCoach, is not designed for 
intermittent physical activities such as sport games 
but for running training. There is another device 
made by the same manufacturer called Speed_Cell, 
which is designed specifically for sport games. It 
would be interesting to verify the measuring quality 
of this device because the manufacturer indicates a 
similar function – it is also an accelerometer.
As for the user‘s convenience, we have no objecti-
ons – especially online web interface is very plea-
sant for recreational athletes.

Conclusion
Our paper have not proved, that Adidas miCoach 
product provides sufficient valid and reliable in-
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Then we calculated correlation coefficient to determine validity

Table 2 Validity coefficients (r) of each tested items.

1200 m walk 1200 m run 400 m run 
backwards

400 m run
sideways

coherently 
on an athletic 
track

r 0,57 0,41 0,27 0,17

Reliability of measurements
The results of 1st and 2nd measurements on 400m 
athletics track – walk forward (speed up to  

7 km.h-1), run forward 1200m (7-15 km.h-1), run bac-
kwards 400m (8-12 km.h-1), run sideways 400m (8-
12 km.h-1). x - average, s – standard deviation (tab.3).

Table 3 The results of 1st and 2nd measurements on 400m athletics track

1200 m walk (m) 1200 m run (km.h-1) 400 m run 
backwards (km.h-1)

400 m side 
gallop (km.h-1)

proband test retest test retest test retest test retest
A 1240 1230 1180 1220 430 420 410 410
B 1170 1180 1260 1260 480 430 340 370
C 1210 1190 1200 1240 480 450 420 410
D 1090 1210 1180 1260 460 470 360 370
E 1220 1230 1190 1220 420 420 420 380
F 1190 1180 1250 1260 470 470 350 350
G 1230 1190 1200 1240 460 460 400 410
H 1100 1100 1170 1260 440 450 370 370
x 1177,50 1188,75 1203,75 1245,00 455,00 446,25 383,75 383,75
s 57,68 41,21 33,35 17,73 22,68 20,66 32,49 23,26

The results of 1st and 2nd measurements in sports hall 
by shuttle run on 20m section - walk forward (speed 
up to 7 km.h-1), run forward 1200m (7-15 km.h-1), 

run backwards 400m (8-12 km.h-1), side gallop 400m 
(8-12 km.h-1), FIFA agility test (changes of direction 
and locomotion). x - average, s – standard deviation.

Table 4 The results of 1st and 2nd measurements in sports hall by shuttle run on 20m section
1200 m walk (m) 1200 m run (m) 400 m run 

backwards (m)
400 m run 

sideways (m)
80 m FIFA 

agility test (m)
proband test retest test retest test retest test retest test retest
A 1210 1210 1210 1130 440 440 450 360 70 70
B 1130 1130 1280 1290 440 440 360 370 90 90
C 1210 1110 1140 1110 410 490 440 420 100 100
D 1130 1080 1280 1200 440 500 360 410 80 80
E 1170 1120 1210 1130 480 410 360 440 70 90
F 1060 1120 1280 1290 440 430 440 380 100 80
G 1120 1170 1140 1110 420 440 440 420 90 80

1200 m walk (m) 1200 m run (m) 400 m run 
backwards (m)

400 m run 
sideways (m)

80 m FIFA 
agility test (m)

proband test retest test retest test retest test retest test retest
H 1120 1060 1280 1200 430 420 360 370 70 70
x 1143,75 1125,00 1227,50 1182,50 437,50 446,25 401,25 396,25 83,75 82,50
s 50,69 47,51 62,05 75,36 20,53 32,04 44,22 29,73 13,02 10,35

Table 5 Reliability coefficients (r) of each tested items

1200 m walk 1200 m run 400 m run 
backwards

400 m run 
sideways

80 m FIFA 
agility test

coherently 
on an athle-
tic track

r 0,57 0,4 0,53 0,79 X

incoherently 
at the athle-
tic track

r 0,35 0,84 0,51 0,08 0,57

Discussion
With regard to our aim of the work, we state that 
the distance covered by locomotion measured by 
Adidas miCoach device is significantly different 
from the criteria. The range of correlation coeffici-
ent was r = 0,17 to 0,57. The greatest inaccuracies 
are evident in unorthodox ways of locomotion (ru-
nning backwards, sideways gallop, see Tab 2). This 
confirms the statement of Psotta who claims that 
measuring of distance using accelerometers has low 
validity with other forms of locomotion than conti-
nuous running forward (Psotta, 2003).
It was not a surprise to us that the measurement of 
unorthodox ways of locomotion is not valid, but we 
were surprised by the values we found when run-
ning forward. Finding of this is in contrast with re-
search which assessed the quality of similar devices 
where measuring accuracy of 3%, as stated by the 
manufacturer was confirmed (Hnízdil, Škopek, & 
Havel, 2012). This was probably also caused by the 
fact, that running speed range was 7-15 km.h-1.
Given the fact that the device is designed especia-
lly for running, we expected much better measure-
ment validity – however, we are aware that the rese-
arch sample limits predicative value of our results. 
We believe that the fact, that distance is measured 
only in tens of meters, not in ones, has a negative 
influence on results. This is evident from the onli-
ne application, because it is not possible to deduct 
distance not rounded to dozen. Nevertheless, it is 
interesting that the device is able to measure each 
meter, because this information is verbally stated 
after completing your training. Some graphs (re-

cording physical activity) also show, that the device 
responds slightly tardily when starting locomoti-
on – information about distance is retrieved after 
about 2-3 seconds.
The degree of reliability by test-retest was assessed 
by continuous locomotion (Table 3-5) on the athle-
tic track, where the coefficient of reliability was in 
range r = 0,4 to 0,79. Very surprising is the high rate 
at a sideways gallop (r = 0,79). However, this value 
is slightly misleading according to the above validi-
ty of the device.
The reliability of measurements in the sports hall 
performed in “shuttle” way on 20m section had a 
very large range for every type of locomotion (r = 
0,08 to 0,84). We were very surprised by the values 
of FIFA agility test, where changes in locomotion 
and direction are made, which were very similar (test 
x=83,75 ±13,02 m vs. retest x=85,50 ±10,35 m).  
The product, Adidas miCoach, is not designed for 
intermittent physical activities such as sport games 
but for running training. There is another device 
made by the same manufacturer called Speed_Cell, 
which is designed specifically for sport games. It 
would be interesting to verify the measuring quality 
of this device because the manufacturer indicates a 
similar function – it is also an accelerometer.
As for the user‘s convenience, we have no objecti-
ons – especially online web interface is very plea-
sant for recreational athletes.

Conclusion
Our paper have not proved, that Adidas miCoach 
product provides sufficient valid and reliable in-
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formation about measuring distances covered by 
locomotion activitiy it was designed for – which is 
running. The indication of accuracy in the range of 
95-98%, provided by manufacturer, was not confir-
med in our study. Our research can be conceived 

as a pilot one and we are going to investigate this 
device more in the future. The object of our inte-
rest will be, in addition to distance characteristics 
of physical activities, speed, heart strokes and step 
characteristics.
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