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Validity and reliability of linear position transducer

INTRODUCTION
Unloaded countermovement jumps (CMJs) are not only used in train-
ing, but also function as a traditional test of lower limb power output, 
which is highly relevant in sports such as track and field [1–3], 
basketball [4, 5], football [6, 7], and others [8]. Historically, coach-
es and scientists usually treated jump height as the primary variable 
of interest and as an indicator of explosive strength [9]. However, as 
technology continues to develop, more recent studies have indicated 
how useful other parameters can be, such as peak or mean force, 
velocity, and power output [1, 10]. Additionally, information about 
the rate of force development and the time to peak force, velocity, 
and power may be desired [11, 12]. However, obtaining and using 
the previously mentioned parameters requires a reliable and valid 
method of measurement and calculation.

Naturally, force plates are considered the gold standard for mea-
suring contact forces and calculating jump height from the force 
impulse as a double integration of force [13]. However, since force 
plates are often expensive laboratory-based pieces of equipment, 
other cheaper and more portable devices have been developed to 
measure (Vertec) or calculate jump height from flight time (Optojump, 
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accelerometer-based devices such as Myotest, contact mats). Al-
though these aforementioned tools are commonly used to assess 
jump performance, they exhibit either systematic [14–17] or non‑sys-
tematic (random) bias [18–20]. Additionally, the advantage of the 
force plate is the capability to calculate accurately force impulse and 
instantaneous velocity and power subsequently, which may not be 
possible with devices that estimate, rather than directly measure, 
such variables.

Of the aforementioned tools, LPTs are designed to directly measure 
the instantaneous displacement of a fixed point, effectively making 
them a popular choice for measuring displacement in exercises such 
as the CMJ. From the change in displacement and time, LPTs can 
also be used to assess other explosive strength parameters [21]. Due 
to their applicability and popularity, many studies have assessed the 
validity and reliability of LPTs in squat jumps, loaded CMJs, the 
bench press, and other exercises [16, 22–25]. However, in most of 
these exercises, the LPT manufacturers advise users to attach the 
end of the cable to a barbell or light stick in place of a barbell. As-
suming that a standard barbell or wooden dowel can extend up to 
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Each measured set consisted of 5 consecutive CMJs. For each 
repetition, subjects were instructed to include a countermovement 
with self-selected depth and speed, an explosive jump “as high and 
as fast as possible”, a soft landing, and to return to the standing 
position for approximately 2 seconds before initiating the counter-
movement of the next repetition. After completing five jumps, par-
ticipants were given 3 minutes of active rest (i.e. walking around the 
laboratory) before completing the second set.

The participants stood on two force plates (Kistler 6384, Winter-
thur, Switzerland; 1000 Hz) that were positioned side-by-side with 
approximately a 10 cm gap where one of the LPTs rested on the floor. 
The measured trial was simultaneously recorded with two indepen-
dent LPTs (GymAware Power Tool, Kinetic Performance Technologies, 
Canberra, Australia). One of the LPTs was placed between the force 
plates and was attached to the belt fixed on the waist of the par-
ticipant. The second LPT was placed on the side of the force plate 
and was attached to the wooden dowel, which was placed on the 
participants’ shoulders. Participants held the bar with both hands. 
Participants were instructed to jump as high as possible when hear-
ing the command “go”.

Each participant’s data were stored for further analysis after com-
pleting the session. The LPT of the current study measures the total 
displacement of its cable in response to changes in the barbell posi-
tion and incorporates an angle sensor that accounts for motion in 
the horizontal direction during predominantly vertical displacement 
measurements. The LPT software later accounts for the total distance 
and angle, and using basic trigonometry, provides a resultant vertical 
displacement. Instantaneous velocity was determined as the change 
in barbell position with respect to time, which is also provided by 
the LPT software. Data obtained from the LPT were transmitted via 
Bluetooth to a tablet (iPad, Apple Inc., California, USA) using the 
GymAware v2.4.1 app, and to the online cloud before being ex-
ported to Microsoft Excel (Microsoft Corporation, Redmond, Wash-
ington, USA) and prepared for further analysis. The data from the 
force plate were exported from the original software (Bioware, Kistler, 
Winterthur, Switzerland) and further processed in MATLAB (R2019, 
MathWorks Inc., Natick, Massachusetts, USA). The instantaneous 
velocity v(t) was calculated using the integration of force:

where Fv(t) is the instantaneous vertical ground reaction force at time 
t, m is the participant’s body mass, g is gravitational acceleration, 
and t0 is the time of the last sample before Fv fell below 95% of the 
participant’s body weight in newtons. Instantaneous power output 
was calculated as a product:

where P(t) is instantaneous power, Fv(t) is the vertical ground reac-
tion force, and v(t) is estimated instantaneous velocity. Instantaneous 

1 meter on either side of an athlete, attaching a measuring device 
(such as an LPT) that far from the centre of mass may result in 
skewed or unreliable data, especially if an athlete does not perform 
an exercise in a perfect linear direction about the z-, y-, or x-axis. 
Rather than attaching the LPT superior and lateral to the centre of 
mass, it is possible that attaching it to or near the waist [26] may 
result in more reliable and valid data during CMJ testing.

Therefore, we decided to test the reliability and validity of a com-
mercially available linear position transducer (LPT) during unloaded 
CMJs using two attachment points simultaneously: one according to 
the manufacturer’s guidelines near the edge of a wooden dowel, and 
one closer to the centre of mass via an adjustable canvas belt. As 
such, we hypothesized that there would be a systematic bias between 
jump height measured at both LPT attachments sites compared to 
jump height measured via a force plate. Furthermore, we hypothesized 
that the waist attachment site would be more reliable than the 
wooden dowel attachment site due to fewer degrees of freedom in 
terms of movement.

MATERIALS AND METHODS 
Experimental design
Participants completed CMJs on three different occasions, each 
separated by one week. During the first occasion, participants were 
familiarized with the testing procedures. After one week, the par-
ticipants performed two sets of five CMJs, and the process was re-
peated one week later. Participants performed all jumps on a force 
plate with an LPT attached to the waist and another LPT attached 
to a wooden dowel that was held posterior to the head in a high-bar 
squat position. The analysed parameters were jump height and peak 
and mean concentric force, velocity, and power. Inter-session and 
within-session reliability was analysed to assess the reliability of both 
LPT attachment sites in comparison with a force plate. Concurrent 
validity of LPT data was compared with the force plate, which served 
as the gold standard.

Participants
Thirty-six healthy university sport science students participated in 
the study (24.6 ± 4.3 years; 177. ± 7.7 cm; 77.2 ± 9.0 kg). The 
project was approved by the faculty ethical committee. Each par-
ticipant was informed about the goal of the study and the procedures. 
Participants were free to withdraw from the experiment at any mo-
ment without penalty. Those who voluntarily agreed to participate in 
the study signed written consent.

Procedures
Each participant started each session with a standard warm-up pro-
tocol. This protocol consisted of 5 minutes jogging, 5 minutes of 
dynamic stretching, and two sets of three non-measured CMJs per-
formed at maximal intensity. A 2-minute interval of passive rest 
separated these sets. Participants began their measured trials after 
2 minutes of rest.
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displacement was calculated as double integration of force divided 
by mass. The instant of switch of eccentric to concentric phase was 
when instantaneous velocity reached a positive value. Average con-
centric force (MF), velocity (MV), and power (MP) were calculated 
as the mean of instantaneous values between the eccentric/concen-
tric switch and the end of the take-off. Jump height from the force 
impulse (IJH) was calculated from the equation:

where VTO is the instantaneous velocity at take-off, and g is the 
gravitational acceleration. Additionally, jump height was also obtained 
from flight time (FJH) using the following equation:

where g is gravitational acceleration, tTD is the time of touch-down, 
and tTO time of take-off.

Rate of force development (RFD) was calculated as a ratio of peak 
force (PF) and time from eccentric/concentric switch to time of peak 
force achievement (time to peak force).

Statistical analysis
An Excel spreadsheet [27] was used to assess the validity and sys-
tematic or random bias. Values obtained from the force plate served 
as a criterion to which data from both LPT attachment sites were 
compared. First, the distribution of bias was checked to determine 
whether data needed to be log-transformed (no parameters needed 
to be log-transformed except RFD from both LPT attachment sites). 
The level of confidence was set to 95%, and the standardized small-
est important difference was set to 0.2 [28].

Bias was calculated as the difference between criterion and prac-
tical means, and standardized bias was computed as the bias divided 
by criterion SD. A modified Cohen’s d scale was used to interpret the 
magnitude of difference for trained individuals: < 0.2  trivial; 
0.2–0.6 small; 0.6–1.2 moderate; 1.2–2.0 large; 2.0–4.0 very 
large; > 4.0 extremely large [27, 29].

TABLE 1. The average and standardized bias of performance outputs from the force plate and two placement of linear position 
transducers.

Outputs
LPT 

position
force plate 

(mean ± SD)
LPT (mean ± SD) bias (LCL; UCL)

Standardized bias 
(LCL; UCL)

MF [N]
belt

1417 ± 257
1589 ± 335 172 (161; 184) 0.67 (0.63; 0.72)

stick 1624 ± 343 208 (195; 220) 0.81 (0.76; 0.86)

PF [N]
belt

1795 ± 337
2141 ± 499 345 (321; 370) 1.02 (0.95; 1.10)

stick 2242 ± 544 447 (419; 474) 1.33 (1.24; 1.41)

MP [W]
belt

1945 ± 476
2652 ± 727 706 (675; 738) 1.48 (1.42; 1.55)

stick 2845 ± 800 900 (861; 938) 1.89 (1.81; 1.97)

PP [W]
belt

3523 ± 825
4826 ± 1477 1304 (1224; 1383) 1.58 (1.48; 1.68)

stick 4852 ± 1333 1329 (1251; 1408) 1.61 (1.52; 1.71)

MV [m/s]
belt

1.49 ± 0.14
1.82 ± 0.19 0.33 (0.32; 0.34) 2.27 (2.18; 2.36)

stick 1.95 ± 0.25 0.46 (0.44; 0.47) 3.16 (3.06; 3.26)

PV [m/s]
belt

2.55 ± 0.23
3.08 ± 0.33 0.53 (0.51; 0.55) 2.29 (2.21; 2.37)

stick 3.17 ± 0.34 0.62 (0.60; 0.64) 2.70 (2.61; 2.79)

jump height [cm]
(force impulse)

belt
29.9 ± 6

38.3 ± 7.0 8.4 (8.2; 8.7) 1.41 (1.37; 1.45)

stick 39.7 ± 7.4 9.8 (9.5; 10.1) 1.64 (1.59; 1.68)

jump height [cm]
(flight time)

belt
31.1 ± 6.5

38.3 ± 7.0 7.2 (7.0; 7.4) 1.11 (1.07; 1.15)

stick 39.7 ± 7.4 8.5 (8.3; 8.8) 1.32 (1.28; 1.36)

RFD [N.s-1.kg-1]
belt

79.6 ± 62.5
58.0 ± 21.6 -21.6 (-26.5; -16.7) -0.35 (-0.42; -0.27)

stick 67.2 ± 23.7 -12.4 (-17.5; -7.2) -0.20 (-0.28; -0.12)

RFD [N.s-1.kg-1]*
belt

66.2 ×/÷ 1.82
54.5 ×/÷ 1.422a 0.837 (0.793; 0.884)b -0.30 (-0.39; -0.21)

stick 63.3 ×/÷ 1.414a 0.957 (0.904; 1.014)b -0.07 (-0.17; -0.02)

LPT =  linear position transducers, LCL =  lower confidence limit, UCL = upper confidence limit, * denotes log-transformed data; 
a geometric mean reported with standard deviation as a factor; b bias is reported as a factor. MF = mean force, PF = peak force, 
MP = mean power, PP = peak power, MV = mean velocity, PV = peak velocity, RFD = rate of force development.



344

Vladimír Hojka et al.

TABLE 2. The systematic and random bias of belt and stick linear position transducer attachments in comparison to force plate. All 
values are reported as means (LCL – lower confidence limit; UCL – upper confidence limit).

 Outputs  LPT 
position

intercept slope TEE 
Standardized 

TEE 
r r2 

MF
belt

272 
(234; 309)

0.721 
(0.698; 0.744)

87 
(82; 93)

0.36 
(0.33; 0.39)

0.94 
(0.93; 0.95)

0.88 
(0.86; 0.90)

stick
285 

(244; 325)
0.697 

(0.673; 0.721)
94 

(88; 100)
0.39 

(0.36; 0.43)
0.93 

(0.92; 0.94)
0.86 

(0.85; 0.88)

PF
belt

569 
(500; 639)

0.573 
(0.541; 0.605)

179 
(168; 191)

0.63 
(0.56; 0.69)

0.85 
(0.82; 0.87)

0.72 
(0.67; 0.76)

stick
607 

(541; 672)
0.530 

(0.502; 0.559)
174 

(164; 186)
0.60 

(0.55; 0.67)
0.86 

(0.83; 0.88)
0.74 

(0.69; 0.77)

MP
belt

364 
(299; 430)

0.596 
(0.572; 0.620)

196 
(185; 209)

0.45 
(0.41; 0.50)

0.91 
(0.89; 0.93)

0.83 
(0.79; 0.86)

stick
434 

(364; 504)
0.531 

(0.507; 0.555)
215 

(202; 229)
0.50 

(0.46; 0.56)
0.89 

(0.87; 0.91)
0.79 

(0.76; 0.83)

PP
belt

1248 
(1113; 1382)

0.471 
(0.445; 0.498)

443 
(417; 473)

0.64 
(0.57; 0.71)

0.84 
(0.82; 0.87)

0.71 
(0.67; 0.76)

stick
1244 

(1064; 1424)
0.470 

(0.434; 0.505)
538 

(507; 574)
0.86 

(0.77; 0.97)
0.76 

(0.72; 0.79)
0.58 

(0.52; 0.62)

MV
belt

0.57 
(0.48; 0.66)

0.507 
(0.459; 0.556)

0.11 
(0.10; 0.11)

1.07 
(0.94; 1.22)

0.68 
(0.63; 0.73)

0.46 
(0.40; 0.53)

stick
0.60 

(0.54; 0.67)
0.456 

(0.424; 0.487)
0.09 

(0.08; 0.10)
0.78 

(0.70; 0.88)
0.79 

(0.75; 0.82)
0.62 

(0.56; 0.67)

PV
belt

0.85 
(0.73; 0.97)

0.553 
(0.514; 0.591)

0.14 
(0.13; 0.15)

0.79 
(0.71; 0.89)

0.78 
(0.75; 0.82)

0.61 
(0.56; 0.67)

stick
1.05 

(0.91; 1.19)
0.473 

(0.430; 0.515)
0.16 

(0.16; 0.18)
1.02 

(0.90; 1.17)
0.70 

(0.65; 0.74)
0.49 

(0.42; 0.55)

jump height
(force impulse)

belt
-0.3 

(-1.4; 0.8)
0.787 

(0.759; 0.815)
2.2 

(2.1; 2.4)
0.4 

(0.37; 0.44)
0.93 

(0.91; 0.94)
0.86 

(0.83; 0.88)

stick
0.6 

(-0.5; 1.8)
0.738 

(0.710; 0.766)
2.4 

(2.2; 2.5)
0.43 

(0.39; 0.48)
0.92 

(0.90; 0.93)
0.85 

(0.81; 0.86)

jump height
(flight time)

belt
-1.2 

(-2.5; 0.0)
0.845 

(0.813; 0.877)
2.5 

(2.4; 2.7)
0.43 

(0.39; 0.47)
0.92 

(0.90; 0.93)
0.85 

(0.81; 0.86)

stick
-0.6 

(-1.9; 0.6)
0.801 

(0.771; 0.831)
2.5 

(2.4; 2.7)
0.43 

(0.39; 0.47)
0.92 

(0.90; 0.93)
0.85 

(0.81; 0.86)

RFD
belt

0.6 
(-13.4; 14.6)

1.362 
(1.136; 1.589)

55.2 
(52.0; 58.9)

1.88 
(1.57; 2.3)

0.47 
(0.40; 0.54)

0.22 
(0.16; 0.29)

stick
15 

(-0.5; 30.4)
0.961 

(0.744; 1.178)
58.2 

(54.8; 62.1)
2.55 

(2.04; 3.35)
0.37 

(0.29; 0.44)
0.14 

(0.08; 0.19)

RFD *
belt

1.146 
(0.705; 1.862)a

1.015 
(0.894; 1.136)b

1.62 
(1.57; 1.67)c

1.35 
(1.17; 1.57)

0.60 
(0.54; 0.65)

0.36 
(0.29; 0.42)

stick
1.329 

(0.779; 2.269)a
0.942 

(0.814; 1.071)b
1.65 

(1.60; 1.71)c
1.54 

(1.32; 1.83)
0.54 

(0.48; 0.60)
0.29 

(0.23; 0.36)

* log-transformed data and fitted by calibration equation Y = aX^b, where Y denotes the value of force plate, and X is the value 
from LPT; a  coefficient a  in calibration equation; b  coefficient b  in calibration equation; c  typical error of estimate (TEE) as 
a ×/÷ factor; r – Pearson correlation; r2 – coefficient of determination. MF = mean force, PF = peak force, MP = mean power, 
PP = peak power, MV = mean velocity, PV = peak velocity, RFD = rate of force development.
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Linear regression equations were used to calculate practical (i.e. 
LPT) values to criterion (i.e. force plate) values. The typical error of 
estimate (absolute and standardized), Pearson correlation r, coefficient 
of determination r2, and values of slope and intercept were calcu-
lated with 95% confidence intervals. The coefficient of determination 
explains the proportion of variance explained by the regression mod-
el and serves as an indicator of systematic bias. Pearson correlation 
values were considered: Mean bias and typical error of estimate (TEE) 
were expressed as a factor in the case of RFD, where log-transfor-
mation of data was required.

A model in R software (R Foundation, Vienna, Austria) was de-
veloped to analyse the distribution of variance to compare the force 
plate and LPT reliability. The total variance was divided into the fol-
lowing categories with the following degrees of freedom (in brackets): 
persons, repetition (5), set (2), session (2), all possible interactions 
between the categories and residual. Two-way random, single mea-
sures, absolute agreement intra-class correlation ICC (2, 1), and 
two-way random, average measures, absolute agreement ICC (2, k) 
were used to assess relative reliability [30].

ICC (2, 1) was calculated as the ratio of the variance of participants 
σP to total variance σTOT, whereas ICC (2, k) was calculated by the 
formula:

where  denotes the variance of each category and dofi is the degrees 
of freedom of each category of variance and all of their possible in-
teractions. ICC was considered to be excellent (ICC = 0.9–1.0; very 
high 0.7–0.9 and high 0.5–0.7). The coefficient of variation (CV) 
for each participant was calculated for each observed variable. The 
mean CV is reported for each parameter as a percentage, and the 
threshold of acceptability value was < 10% [29].

RESULTS 
The results of validity are presented in Tables 1 and 2. The mean 
and standard deviation of all methods, average bias, and standardized 
bias with confidence intervals are presented in Table 1. The RFD 
results are presented as absolute and log-transformed, which led to 
better agreement between LPT and force plate measurements.

Values of coefficients for recalculation equations, the typical error 
of estimate (absolute and standardized), Pearson correlation, and 
coefficient of determination are all presented in Table 2 with 95% 
confidence intervals.

The results of the reliability of all devices are presented in Table 3. 
Most parameters showed acceptable reliability except the mean and 
peak velocity on the belt and both placements in the rate of force 
development.

DISCUSSION 
Both LPT attachments sites provided reliable results, but although 
the LPT was reliable, the force plate resulted in more reliable data. 
Furthermore, the LPT tended to overestimate all the observed values 
compared to force plate data. Specifically, the LPT exhibited a posi-
tive systematic bias when measuring concentric force (average and 
peak), jump height, and average concentric power. For velocity mea-
sures, the variance was similarly distributed between systematic and 
random bias, while the variance of measuring peak power was due 
to systematic bias rather than random (71% in belt placement, 58% 
in stick placement). However, in the case of RFD, the bias was 
mostly random (78% belt, 86% stick). The magnitude of overestima-
tion varied from moderate (force), moderate to large (jump height, 
power), to very large (velocity). A comparison of TEE and bias (both 
absolute and standardized, in Tables 1 and 2) showed that using 
recalculation equations led to a much more accurate assessment of 
the value of the observed variable.

TABLE 3. The reliability of measures on the force plate and two linear position transducer placement.

Type of 
measurement

Mean force
Peak
force

Mean 
power

Peak power
Mean 

velocity
Peak 

velocity
Jump 
height

Rate of force 
development

Belt

ICC (2,1) 0.888 0.765 0.841 0.790 0.433 0.590 0.853 0.601

ICC (2,k) 0.966 0.911 0.945 0.926 0.705 0.810 0.956 0.820

CV 5.6% 7.5% 8.2% 10.6% 5.4% 4.5% 5.3% 16.3%

Stick

ICC (2,1) 0.884 0.812 0.850 0.678 0.657 0.606 0.839 0.673

ICC (2,k) 0.977 0.959 0.971 0.899 0.88 0.851 0.956 0.873

CV 5.9% 8.2% 9.1% 12.5% 5.5% 5.2% 6,0% 13.8%

Force Plate

ICC (2,1) 0.904 0.840 0.888 0.845 0.669 0.601 0.859 0.513

ICC (2,k) 0.977 0.961 0.976 0.972 0.897 0.923 0.962 0.902

CV 4,0% 5.8% 6.1% 6.3% 4,0% 4.3% 5.4% 30.2%
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differences that may occur during jumping, the lower ICC values of 
single measurements may derive from inconsistency in the perfor-
mance of each participant. One source of bias may be that the fixed 
LPT attachment site on the waist does not correspond to the centre 
of mass, as an imaginary point, which may move relative to the at-
tachment. Therefore, this might be a source of the bias, especially 
if the LPT is attached to the stick. However, reliability favoured stick 
attachment. An additional explanation of bias and consistency in 
performance is that they are due to the derivation of displacement 
(LPT) compared to the integration of force (force plate); both these 
operations are sources of error.

Peak and mean power as a product of force and velocity showed 
lower agreement than force and higher agreement than velocity. 
Correlation and bias values are similar to those of other LPT valida-
tion studies [16, 32, 33]. However, stick attachment leads to a sig-
nificantly higher bias of PV than attachment to the belt, naturally, as 
a consequence of PV bias. This agrees with conclusions of loaded 
squat or squat jump studies [31, 32, 36], where low-force, high-
speed exercise proved lower agreement than high-force, low-speed 
exercise. The reliability of PP and MP measurement remains ques-
tionable: while ICC of average measures shows excellent agreement, 
PP reliability of single measures dropped below 0.7, and CVs in PP 
(both attachments) were higher than 10%.

Jump height provided by the LPT systematically overestimates 
the height obtained by both methods (force impulse and flight time) 
from the force plate. Both LPT placements showed excellent agree-
ment (r = 0.92–0.93) but also high systematic bias (7.2–9.8 cm). 
These values confirmed the results of previous research [32, 35]. 
The attachment to the stick showed 1.3–1.4 cm higher bias than 
attachment to the belt, which may be caused by a complete extension 
of the trunk during the terminal take‑off and flight phase of the jump. 
Similarly, the reliability of both attachments exhibits almost identical 
values to those obtained by the force plate and only confirms the 
recent findings [25, 35] demonstrating that the LPT is a valid and 
reliable device to measure jump height.

The most complicated and less accurate estimation was observed 
in RFD. Even though relative reliability shows very high values, CV 
was too far over the threshold (16.3% belt; 13.8% stick). The prob-
lem of validation was the lowest reliability results obtained by the 
force plate (CV 30.2%, single measures ICC = 0.513). Therefore, the 
bias was mostly random, even when the data were log-transformed. 
The belt provides better agreement than the stick, but it is still not 
accurate. These methods of RFD estimation do not match. The reason 
for the random nature of bias might arise from the two-peak force 
curve during the take‑off phase in some participants and calculation 
algorithms, which indicates an eccentric/concentric switch and peak 
force instant. These “two-peak” participants do not necessarily perform 
their peak value consistently in either the first or the second peak in 
each jump, which subsequently strongly influences the value of RFD. 
Hansen et al. [24] also confirmed the very poor agreement of RFD 
estimation by the LPT and force plate in loaded CMJ.

Both LPT attachment sites provided reliable results, especially 
when using the average value of measurement ICC (2, k), because 
using the average value provides better reliability. Excellent reliability 
was achieved in MF, PF, MP, PP, and jump height, and very high reli-
ability was achieved in MV and PV. However, the CV of PP was over 
10%. This corresponds to the nature of PP and MP measurements, 
when even the gold standard measuring device showed a greater CV 
for power measures compared to force or velocity parameters. RFD 
had very high relative reliability, but due to CVs over 10%, it should 
not be treated as reliable, even though the LPT CV was much lower 
than the CV of the force plate. If we focus on the absolute agreement 
of single measures, relative reliability looks similar to the force plate 
in the case of MF, PF, MP, PV, and jump height.

The findings of validity in mean force and peak force correspond 
to previous studies [22, 31, 32] where mean force assessment had 
higher agreement than peak force. Both variables were measured 
accurately by the LPT in the current study with little overestimation 
and excellent agreement, similar to previous findings [24, 33]. The 
LPT attached to the belt showed better agreement in results of force 
than when the LPT was attached to the stick, which is similar to the 
findings of accelerometer systems that were placed at two different 
sites during CMJs [34]. As the reliability of both attachments provides 
similar results to the force plate, the LPT may be considered both 
valid and reliable for measuring MF and PF.

The validity and reliability of velocity remain questionable. Both 
MV and PV exhibited a large amount of systematic (standardized 
bias and standardized TEE in Tables 1 and 2) and random bias 
(r2 = 0.46–0.62). Generally, the findings of earlier studies are in-
consistent when determining whether an LPT is a valid tool for 
measuring peak or mean velocity. Similar to the results of other 
studies [23, 25, 32, 33, 35, 36], our findings confirmed the ten-
dency that as movement velocity increased, the level of agreement 
between the force plate and LPT decreased. Additionally, the reli-
ability of MV measured on the belt attachment is at the lower border 
of the ‘very high’ range (ICC = 0.705), the other ICCs of MV and 
PV exceed 0.80, while the CV remained clearly within acceptable 
limits (4.5%–5.5%). Surprisingly, the stick attachment was more 
reliable for assessing PV and MV than the belt attachment. This is 
surprising because the stick has the opportunity to pivot about the 
shoulders in the frontal plane, meaning that the end of the bar (where 
the attachment site is) may move at a faster or slower rate of speed 
compared to the relatively stable (lack of) movement that can occur 
at the belt attachment site. Nevertheless, the experienced jumpers 
who were the subjects of the present study were seemingly able to 
maintain a stable stick position on their back, resulting in reliable 
data. Having said that, it is possible that less experienced jumpers 
may not produce the same reliable pattern.

Furthermore, the force plate provided more reliable results than 
both LPT attachments. This particularly disagrees with a previous 
study [33], which reported significantly higher ICC for MV (0.84 com-
pared to 0.705  in our study). Considering the inter-individual 
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The LPT may serve as a suitable device in the measurement of 
explosive strength parameters in unloaded jumps. It provides excel-
lent reliable data for peak or mean force and jump height and very 
highly reliable data of peak and mean power or velocity. If coach-
es, athletes, or scientists need to compare values of parameters 
obtained from various devices, we strongly recommend using linear 
regression equations to recalculate results obtained from the LPT. 
This recalculation significantly decreases the range of systematic 
bias (bias vs TEE and their confidence intervals). The bias in mean/
peak force/power and jump height is mostly systematic, while in 
mean/peak velocity it is proportionally similar. The most random 
bias was observed in the assessment of the rate of force develop-
ment.

CONCLUSIONS 
The assessment of explosive strength parameters is most accurate 
and reliable when using a force plate. Our study confirmed that 
a linear position transducer may efficiently substitute the force plate 

in obtaining valid and reliable results of force, power, and jump height. 
A little less accuracy is provided for velocity assessment. As the data 
from the LPT are at least very highly reliable, they may subsequent-
ly be valid. The validity of the LPT shows mostly systematic bias, 
which may be simply reduced by using recalculation equations.

Attachment to the stick placed on the athlete’s shoulders produced 
very similar results to attachment placed on a belt, which is tradition-
ally recommended for unloaded jumps except for the mean velocity. 
Both attachments can be recommended as long as measurers use 
them consistently.

Acknowledgements
The study was partly supported by the internal university research 
project Progress Q41 and internal university fund SVV 260599.

Conflict of interest declaration
The authors declared no conflict of interest.

1.	 Markström JL, Olsson C-J. 
Countermovement jump peak force 
relative to body weight and jump height 
as predictors for sprint running 
performances:(in) homogeneity of track 
and field athletes? J Strength Cond Res. 
2013;27(4):944–53.

2.	 Karampatsos GP, Korfiatis PG, Zaras ND, 
Georgiadis GV, Terzis GD. Acute effect of 
countermovement jumping on throwing 
performance in track and field athletes 
during competition. J Strength Cond Res. 
2017;31(2):359–64.

3.	 Terzis G, Karampatsos G, Kyriazis T, 
Kavouras SA, Georgiadis G. Acute effects 
of countermovement jumping and 
sprinting on shot put performance. 
J Strength Cond Res. 2012; 
26(3):684–90.

4.	 Alemdaroğlu U. The relationship between 
muscle strength, anaerobic performance, 
agility, sprint ability and vertical jump 
performance in professional basketball 
players. J Hum Kinet. 2012; 
31(1):149–58.

5.	 Roden D, Lambson R, DeBeliso M. The 
effects of a complex training protocol on 
vertical jump performance in male high 
school basketball players. J Sport Sci. 
2014;2:21–6.

6.	 Helgerud J, Rodas G, Kemi O, Hoff J. 
Strength and endurance in elite football 
players. Int J Sports Med. 2011; 
32(9):677.

7.	 Lehnert M, Svoboda Z, Cuberek R. The 
correlation between isokinetic strength of 
knee extensors and vertical jump 
performance in adolescent soccer players 
in an annual training cycle. Acta 
Gymnica. 2013;43(1):7–15.

8.	 Sarvestan J, Cheraghi M, Sebyani M, 
Shirzad E, Svoboda Z. Relationships 
between force-time curve variables and 
jump height during countermovement 
jumps in young elite volleyball players. 
Acta Gymnica. 2018;48(1):9–14.

9.	 Laffaye G, Wagner PP, Tombleson TI. 
Countermovement jump height: Gender 
and sport-specific differences in the 
force-time variables. J Strength Cond 
Res. 2014;28(4):1096–105.

10.	Claudino JG, Cronin J, Mezêncio B, 
McMaster DT, McGuigan M, Tricoli V, 
et al. The countermovement jump to 
monitor neuromuscular status: 
A meta-analysis. J Sci Med Sport. 2017; 
20(4):397–402.

11.	McLellan CP, Lovell DI, Gass GC. The role 
of rate of force development on vertical 
jump performance. J Strength Cond Res. 
2011;25(2):379–85.

12.	Cormie P, McBride JM, McCaulley GO. 
Power-time, force-time, and velocity-time 
curve analysis of the countermovement 
jump: impact of training. J Strength Cond 
Res. 2009;23(1):177–86.

13.	Hatze H. Validity and reliability of 
methods for testing vertical jumping 
performance. J Appl Biomech. 1998; 
14(2):127–40.

14.	Nuzzo JL, Anning JH, Scharfenberg JM. 
The reliability of three devices used for 
measuring vertical jump height. 
J Strength Cond Res. 2011; 
25(9):2580–90.

15.	Mauch M, Rist H-J, Kaelin X. Reliability 
and Validity of Two Measurement 
Systems in the Quantification of Jump 
Performance. Schweiz Z Med Traumatol. 
2017;65(1).

16.	Crewther BT, Kilduff LP, Cunningham DJ, 
Cook C, Owen N, Yang GZ. Validating two 
systems for estimating force and power. 
Int J Sports Med. 2011;32(4):254–8. 
doi: 10.1055/s-0030-1270487.

17.	Castagna C, Ganzetti M, Ditroilo M, 
Giovannelli M, Rocchetti A, Manzi V. 
Concurrent validity of vertical jump 
performance assessment systems. 
J Strength Cond Res. 2013; 
27(3):761–8.

18.	Choukou M-A, Laffaye G, Taiar R. 
Reliability and validity of an 
accelerometric system for assessing 
vertical jumping performance. Biol  
Sport. 2014;31(1):55.

19.	Monnet T, Decatoire A, Lacouture P. 
Comparison of algorithms to determine 
jump height and flight time from body 
mounted accelerometers. Sports Eng. 
2014;17(4):249–59.

20.	McMaster DT, Gill ND, Cronin JB, 
McGuigan MR. Is wireless accelerometry 
a viable measurement system for 
assessing vertical jump performance? 
Sports Technol. 2013;6(2):86–96.

21.	McGrath G, Flanagan E, O’Donovan P, 
Collins D, Kenny I. Velocity based 
training: validity of monitoring devices to 
assess mean concentric velocity in the 
bench press exercise. J Austr Strength 
Cond. 2018;26:23–30.

22.	Cronin JB, Hing RD, McNair PJ. 
Reliability and Validity of a Linear 
Position Transducer for Measuring Jump 
Performance. J Strength Cond Res. 
2004;18(3):590–3. PubMed PMID: 
00124278-200408000-00035.

23.	Garnacho-Castaño MV, López-Lastra S, 
Maté-Muñoz JL. Reliability and validity 

REFERENCES 



348

Vladimír Hojka et al.

assessment of a linear position 
transducer. J Sports Sci Med. 2015; 
14(1):128–36. PubMed PMID: 
25729300.

24.	Hansen KT, Cronin JB, Newton MJ. The 
Reliability of Linear Position Transducer 
and Force Plate Measurement of 
Explosive Force–Time Variables During 
a Loaded Jump Squat in Elite Athletes. 
J Strength Cond Res. 2011; 
25(5):1447–56. doi: 10.1519/
JSC.0b013e3181d85972. PubMed 
PMID: 00124278-201105000-00037.

25.	O’Donnell S, Tavares F, McMaster D, 
Chambers S, Driller M. The validity and 
reliability of the GymAware linear position 
transducer for measuring 
counter-movement jump performance in 
female athletes. Meas Phys Educ Exerc 
Sci. 2018;22(1):101–7. doi: 10.1080/ 
1091367x.2017.1399892.

26.	Houel N, Faury A, Seyfried D. Influence 
of the point of attachment of two 
accelerometers on the assessment of 

squat jump performances. Int J Comput 
Sci Sport. 2013;12(1):1–17.

27.	Hopkins WG. Spreadsheets for analysis 
of validity and reliability. Sportscience. 
2017;21.

28.	Cohen J. Statistical power analysis for the 
behavioral sciences: Academic press; 
2013.

29.	Hopkins WG. A new view of statistics. 
2002. URL: http://www.sportsci org/
resource/stats. 2013.

30.	Hopkins WG. Measures of reliability in 
sports medicine and science. Sports Med. 
2000;30(1):1–15.

31.	Askow A, Stone J, Arndts D, King A, 
Goto S, Hannon J, et al. Validity and 
Reliability of a Commercially-Available 
Velocity and Power Testing Device. 
Sports. 2018;6:170. doi: 10.3390/
sports6040170.

32.	Cormie P, McBride JM, McCaulley GO. 
Validation of power measurement 
techniques in dynamic lower body 
resistance exercises. J Appl Biomech. 

2007;23(2):103–18. doi: 10.1123/
jab.23.2.103.

33.	Giroux C, Rabita G, Chollet D, 
Guilhem G. What is the best method for 
assessing lower limb force-velocity 
relationship? Int J Sports Med. 
2015;36(2):143–9. doi: 10.1055/ 
s-0034-1385886.

34.	Houel N, Faury A, Seyfried D. Influence 
of the Point of Attachment of two 
Accelerometers on the Assessment of 
Squat Jump Performances. Int J Comput 
Sci Sport. 2013;12:6.

35.	Wadhi T, Rauch JT, Tamulevicius N, 
Andersen JC, De Souza EO. Validity and 
reliability of the GymAware linear position 
transducer for squat jump and counter-  
movement jump height. Sports. 2018; 
6(4):177. doi: 10.3390/sports6040177.

36.	Banyard HG, Nosaka K, Sato K, Haff GG. 
Validity of various methods for 
determining velocity, force, and power in 
the back squat. Int J Sports Physiol 
Perform. 2017;12(9):1170–6.


