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ABSTRACT

Introduction: This experiment was designed to 
investigate the inter and intra-unit reliability of the 
Titan 1+ 10 Hz global positioning system (GPS) for 
measures of distance and distance within speed 
zones during straight-line and change of direction 
running at varying distances and speeds, as well as 
during a team-sport simulated circuit.  
Methods and Materials: 16 male NCAA DI collegiate 
soccer players completed running protocols of 
varying distances and speeds, including long and 
short duration straight-line running (100m Run and 
SLR), tight and gradual change of direction running 
(COD T and COD G), and a team-sport simulated 
circuit (TSSC). 
Results: Between Titan 1+ devices, good to 
moderate interunit reliability was established for 
distance measures during the 100m run (%CV = 
1.31%). Moderate to high-speed movements for 20m 
SLR (5.2 – 7.4%), and all movements speed across 
the 40m SLR (3.5 – 4.5%). Good interunit reliability 
for distance measures was also established during 
both COD courses (2.04 – 3.6%). Good to moderate 
interunit reliability for distance within speed zones 
was established for COD G speed zone 4 (%CV = 
6.8%) and COD T in speed band 3 (%CV = 7.1%). 
Moderate to excellent intraunit reliability was reported 
for distance within speed zones 2 and 3 during SLR 
(p < 0.05), with moderate intraunit reliability for 10m 
(.605 ICC, p = .004) and 40m (.620 ICC, p = .007). 

During the COD G, distance intraunit reliability was 
moderate for jogging and sprinting (.649 ICC, p = 
.004; .649 ICC, p = .002, respectively). Distances 
within speed zones 2 and 3 during COD G intraunit 
reliability was excellent for zone 2 (.956 ICC, p < 
.001) and zone 3 (.905, p < .001). During the TSSC, 
intraunit reliability was good for lap distance (.805 
ICC, p < .001). Good intraunit reliability was reported 
for distance in speed zone 2 (.840 ICC, p < .001) 
and excellent for zone 3 (.919 ICC, p < .001) and 
zone 4 (.901 ICC, p < .001).
Conclusions: The present study is known to be the 
first to investigate the intra-unit reliability of distance 
measures during a team-sport simulated circuit. The 
findings suggest that the Titan 1+ provides good 
intraunit reliability for measures of distance and 
good to excellent intraunit reliability for measures 
of distance within speed zones during the TSSC. 
Further, the Titan 1+ produced reliable distance 
measures across all running protocols both within 
and between devices.

Keywords: Global positioning systems, GPS, Titan 
1, Reliability, Inter-unit reliability, Intra-unit reliability, 
Distance, Speed zone

INTRODUCTION

The use of GPS technology has enabled the collection 
of real-time data on human locomotion,1 providing 
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valuable information on sports performance with 
convenience, efficiency, and precision.2 GPS 
technology objectively quantifies player movements 
(external training load),3 which can be used in 
combination with data on athlete physical stress 
measurements (internal training loads).4 This 
information is vital for strength and conditioning 
coaches and sports scientists to understand the 
relationship between an athlete’s internal and 
external load,4 data derived from GPS technology 
may allow for enhanced planning and periodization 
of training and recovery sessions.3 With the ability to 
tailor external training loads, coaches and scientists 
can shape performance preparation to better mirror 
the specific demands athletes may face during 
match-play.3, 5 These specialized training sessions 
provide the possibility for increased performance 
and reduction in injury occurrence.4,6,7

Cummins et al.1 indicates that the optimal amount of 
training should not exceed an individual’s exercise 
tolerance and capability of recovery. The practice 
of using GPS monitoring to adequately prescribe 
training loads should create a balance between 
preparing the individual for specific and positional 
demands involved in team sports, and the maximum 
training load that can be sustained by the individual 
before a significant increase in the likelihood of 
injury occurs.8 Therefore, it is imperative that GPS 
technology provides accurate and reliable data, 
to ensure that all players are monitored and safely 
prescribed training volume and intensities to best 
prepare them for match-play while also preventing 
the incidence of injury. 

Because GPS technology provides data that is 
important for the overall health and safety of the 
individuals wearing the devices, it is equally as 
important to ensure that these devices measure 
individuals metrics accurately and reliably. 
Historically, 10 Hz GPS devices have demonstrated 
increased reliability for measuring movement 
demands when compared to previous 1 and 5 Hz 
GPS devices.9-12 Specifically, Castellano et al.13 
reported good intraunit reliability (%CV < 5%) for 
distance measures during 15m and 30m sprinting, 
however, greater measurement stability was 
observed during 30m sprinting compared to 15m 
sprinting. Additionally, the authors13 reported good 
interunit reliability for distance measures during 
15m (1.3%) and 30m (0.7%) sprinting. These results 
indicate that 10 Hz GPS devices are capable of 
capturing reliable distance measures during high-
speed movements – a quality that both 1 Hz and 5 
Hz GPS devices lack.

However, during a team-sport simulated circuit, 
Johnston et al.12 reported good interunit reliability 
for distance measures during all movement speeds 
except very high-speed running (TEM = 11.5%). 
Given the variability in interunit reliability for distance 
measures, it is suggested that practitioners use 
caution when comparing very high-speed movement 
data between devices.4 However, because 10 Hz 
GPS devices have demonstrated good intraunit 
reliability for distance measures across short 
distances, it is advised that for the purposes of 
comparability devices should be worn by the same 
individual for every training and match-play session.4

Through a robust battery of field-based tests, 
including short and long-distance movements, 
movements including changes of direction, and a 
team-sport simulated circuit, the present study aims 
to establish device intra and interunit reliability for 
measures of distance and distance within speed 
zones. The metrics will shed light on session 
volume and intensity, which allow practitioners 
to adequately monitor player workload. Reliable 
distance measures are a key component for 
quantifying of external training load,14 allowing 
coaches and training specialists to adequately 
monitor the amount of physical stress experienced 
by the individual. Further, distance metrics are vitally 
important in the comparison of work intensity across 
different sports.1 By establishing device reliability 
for distance and distance covered in speed zones, 
Titan 1+ data can be utilized to safely monitor the 
individual wearing the device and provide reliable 
data that may be used in sport activity profiles 
compared between field-based sports. 

This study is a replication of previous investigations,7, 

12 focusing specifically on the inter and intraunit 
reliability of a novel GPS device that has not been 
previously evaluated. The present study is known 
to be the first to investigate intraunit reliability of a 
10 Hz GPS device during a team-sport simulated 
circuit. The establishment of this level of reliability 
will not only add to the available body of literature 
surrounding GPS technology, but will provide insight 
on the reliability of a cost-effective GPS device.  

METHODS

Experimental Approach to the Problem

The Titan 1+ is a novel device that samples data at 
10 Hz with triple a Global Navigation Satellite System 
(GNSS), including GPS, GLONASS, and Gaelileo 

The Reliability of the Titan 1+ 10 Hz Global Positioning System for 
Measures of Distance and Distance within Speed Zones

2Copyright: © 2024 by the authors. Licensee IUSCA, London, UK. This article is an
open access article distributed under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).



International Journal of Strength and Conditioning. 2024 Elia, V. C., Cappaert, T. A., Neeld, K., & Harmon, M.

capabilities.15 However, there is no available data 
to confirm that the Titan 1+ is accurate or reliable. 
To determine the reliability of the Titan 1+ device 
for measures of distance and distance within 
speed zones, participants completed five running 
tasks designed to replicate the various movements 
observed during training and match-play. Reliability 
will be established both within and between the Titan 
1+ devices.   

Subjects

Participants included 16 male, men’s NCAA Division 
I soccer players from a university in southeast Texas 
(age: 20 ± 1.3 years, height: 175.73 ± 5.9 cm, mass: 
71.55 ± 7.83 kg). During the study, three participants 
were removed, two participants sustained an injury 
and one tested positive for covid-19. A total of 20 
Titan 1+ a were used throughout the study. GPS 
devices that were assigned to participants who were 
removed from the study were paired with remaining 
participants.

All data was de-identified for the protection of the 
participants identities. Study design and methods 
approval were granted by the Houston Baptist 
University and Rocky Mountain University of Health 
Professions Institutional Review Boards. Additionally, 
all participants were required to complete a written 
informed consent form, following a complete 
explanation of all procedures. 

Procedures 

Data collection was conducted over the course of 
10 days during September and October of 2020. 
Due to covid-19 social distancing protocols and 
time restrictions, each running procedure required 
two sessions to include all subjects and devices. All 

data were collected on a natural grass surface at a 
university in southeast Texas.

GPS devices were turned on 30 minutes before testing 
and set out in an open area to allow for the adequate 
acquisition of satellite signals.7,9,16,17 Devices were not 
inserted into customized garments until participants 
were ready to begin each running task. The devices 
were aligned along the midline of the back between 
the scapulae, spaced approximately 3cm apart.7 
Previous studies,7,12,18,19 have used similar methods 
for wearing multiple devices; none referenced any 
technological deficiencies regarding proximity of 
devices.

Running Protocols

This study included a series of running protocols 
that were designed to mimic different movement 
demands of field-based sports, including straight-
line jogging, striding, and sprinting, change of 
direction in gradual and tight conditions, and a 
circuit composed of all list movements.7, 20-22 Course 
distances were measured with tape measure, 
marked with cones (height = 11cm), and turns were 
measured by goniometer.20

100m Run. Participants were instructed to complete 
a series of three, 100m movements at a self-selected 
fast but comfortable pace. (Figure 1). Participants 
were allowed 30 seconds of stationary rest and were 
given a verbal cue to begin the next trial. 

Straight-Line Running

Participants completed three trials of jogging, 
striding, and sprinting at self-selected speeds 
over distances of 10, 20, and 40m. (Figure 2). 
Participants would complete each movement speed 

3Copyright: © 2024 by the authors. Licensee IUSCA, London, UK. This article is an
open access article distributed under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).

Figure 1. 100m Run Protocol
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Figure 2. Straight-Line Running Protocol7
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and distance in consecutive order. For example, 
participants completed three 10m jogs, followed by 
three 10m strides, followed by three 10m sprints, 
before moving to the 20m distance where the 
pattern would be repeated.7 Participants were given 
15 seconds between trials to rest, stationary at the 
start line.10 A total of 27 straight-line running trials 
were completed, with a total distance of 630m.

Change of Direction Running

Each participant completed two change of direction 
(COD) courses at the same self-selected speeds of 
jogging, striding, and sprinting, totaling 18 trials and 
720m. Both courses measured 40 total meters in 
distance. The gradual condition change of direction 
course (COD G) included three 90º turns.  The 
tight condition change of direction course (COD T) 
included seven 90º turns (Figure 3).7,20,22 Participants 
were given 15 seconds to rest stationary at the start 
line before beginning the next trial.10

Team Sport Simulated Circuit

Participants completes five individual trials of a 140m 
team-sport simulated circuit (TSSC), including two 
maximal sprints, a period of COD, three instances 
of walking, three jogs, one striding effort, and 
deceleration to complete stop (Figure 4).7,20 Before 
starting the circuit, participants were given the 
opportunity to familiarize themselves to the course 
pattern of movements. Most participants needed 
three complete familiarization laps, before they 
were ready to begin. Participants were instructed to 
complete each lap of the circuit in one minute20 and 
were given 15 to 30 seconds of rest between trials.21

STATISTICAL ANALYSIS

All statistical analyses were performed using 
Statistical Package for the Social Sciences (SPSS, 

Version 27.0.1.0). Reliability comparisons were 
made between Titan 1+ 10 Hz GPS devices worn 
during each running protocol. Statistical significance 
was set at p < 0.05. Data are presented as mean ± 
SD.

Two-way mixed-effects interclass correlation (ICC) 
and 95% confidence interval (CI) were used to 
compare intraunit reliability of the Titan 1+ 10 Hz 
GPS devices for measures of distance and distance 
covered within each speed zone.10,23,24 ICC scores 
were interpreted as poor (< 0.5), moderate (0.5-
0.75), good (0.75-0.90), and excellent (>0.90). 

Interunit reliability was tested via the measurement 
error or %CV.23 %CV was categorized as good 
(<5%), moderate (5-10%), and poor (>10%).3, 

7 Internal consistency was established using 
Cronbach’s Alpha (α) ranging from 0.00 to 1.00, 
values approaching .90 were considered high, 
indicating good reliability.25  

RESULTS

Satellite Data and Environmental Conditions 

Daily satellite acquisition for the Titan 1+ 10 Hz GPS 
devices for all trials ranged from 16 to 22 satellites 
with a mean of 19 ± 2.16 satellites. This availability is 
significantly greater than previously reported satellite 
acquisition, where the average number of satellites 
ranged from 6 to 14.12,17,18,20,24,26 Environmental 
conditions ranged from fair to partly cloudy, with 
temperatures ranging from 62-72°F (provided by the 
National Weather Service Forecast Office). 

Distance inter- and intraunit reliability data are 
depicted in Table 1. Distance within speed zone for 
the SLR, COD G, COD T, and TSSC are depicted in 
Tables 2 and 3. 
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Figure 4. Team-Sport Simulated Circuit Protocol20

Table 1. Titan 1+ Inter and Intraunit Reliability
%CV ICC 95% CI p α

100m Run 1.31
10m SLR
Jog 7.5 .41 -.268, .749 .088 .401
Stride 7.9 .46 -.151, .772 .055 .454
Sprint 11.3 .55 .068, .803 .017 .555
20m SLR
Jog 11.5 .78 .521, .902 < .001 .821
Stride 5.2 .20 -.466, .631 .240 .230
Sprint 7.4 .32 -.399, .706 .149 .324
40m SLR
Jog 3.5 .52 -.031, .800 .030 .511
Stride 4.0 .58 .144, .817 .009 .594
Sprint 4.5 .35 -.451, .728 .135 .340
COD G
Jog 3.6 .649 .246, .854 .004 .645
Stride 2.6 .486 .082, .784 .042 .491
Sprint 3.1 .649 .276, .851 .002 .671
COD T
Jog 3.2 .648 .342, .864 .001 .686
Stride 2.5 .639 .252, .845 .003 .643
Sprint 2.0 .133 -.874, .635 .347 .130
TSSC 1.3 .805 .630, .912 < .001 .810
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Interunit Reliability

A good interunit reliability was found for the Titan 1+ 
devices for the distance measured during the 100m 
run trials (%CV = 1.31%). During the SLR good 
interunit reliability was also found for the distance 
measured during all 40m trials (3.5 – 4.5%). Moderate 
interunit reliability was found for 10m jog and stride 
(7.5 and 7.9%, respectively) and the 20m stride and 
sprint (5.2 and 7.4%, respectively). Good interunit 
reliability was found for the Titan devices for the 
distance measured during all 40m trials (3.5 – 4.5%). 
Moderate interunit reliability was found for 10m jog 
and stride (7.5 and 7.9%, respectively) and the 20m 
stride and sprint (5.2 and 7.4%, respectively).

Good interunit reliability was found for distance 
measured during all COD G and COD T trials (2.6% 
– 3.6% and 2.0% – 3.2%, respectively). Moderate 
interunit reliability was found for distance measured 
in speed band 3 (%CV = 7.1). Good interunit 
reliability was also found for distance during the 
TSSC (%CV = 1.3).

Intraunit Reliability 

A moderate intra-unit reliability was found for the 
Titan 1+ 10 Hz GPS devices for distance during the 
10m sprint (ICC = .545, p = .017, 95% CI .068; .803), 
40m jog (ICC = .524, p = .030, 95% CI = -.031; 
.800), and 40m stride (ICC = .579, p = .009, 95% CI 
.144; .817). Good intra-unit reliability was also found 
for measures of distance during the 20m jog (ICC = 
.776, p < .001, 95% CI .521; .902). 

For distance within speed zone 2, excellent intra-unit 
reliability was found at 10m (ICC = .924, p <.001, 95% 
CI .842; .968), good intra-unit reliability was found 
at 20m (ICC = .726, p < .001, 95% CI .437; .881), 
and moderate intra-unit reliability was found at 40m 
(ICC = .515, p = .025, 95% CI .011; .790). Distance 
measured in speed zone 3 revealed moderate intra-
unit reliability at 10m (ICC = .685, p = .002, 95% 
CI .325; .867) and 40m (ICC = .692, p = .001, 95% 
CI .346; .869), and good intra-unit reliability for 20m 
(ICC = .787, p < .001, 95% CI .559; .908). 

For distance measured during the COD G, moderate 
intra-unit reliability was found during jogging (ICC = 
.649, p = .004, 95% CI .246; .854) and sprinting (ICC 
= .649, p = .002, 95% CI .276; .851). Excellent intra-
unit reliability was found for distance within speed 
band 2 (ICC = .956, p < .001, 95% CI .906; .982; 
Table 5) and speed band 3 (ICC = .905, p <.001, 
95% CI .796; .961). Moderate interunit reliability was 

found for distance measured in speed band 4 (%CV 
= 6.8).

During the COD T, moderate intra-unit reliability 
for distance were found for jogging (ICC = .684, 
p = .001, 95% CI .342; .864) and striding (ICC = 
.639, p = .003, 95% CI .252; .845). Moderate intra-
unit reliability was found for distance measured 
within speed zone 4 (ICC = .695, p < .001, 95% CI 
.361; .869). Good intra-unit reliability was found for 
distance measures within speed zone 2 (ICC = .896, 
p < .001, 95%CI .778; .956) and speeds zone 3 (ICC 
= .798, p < .001, 95% CI .580; .913).

Good intra-unit reliability was found for distance 
measured during the TSSC (ICC = .805, p < .001, 
95% CI .630; .912). Good intra-unit reliability was 
found for distance within speed zone 2 during the 
team-sport simulated circuit for the Titan 1+ 10 Hz 
GPS devices (ICC = .840, p < .001, 95% CI .694; 
.929). Excellent intra-unit reliability was found for 
speed zone 3 (ICC =.919, p < .001, 95% CI .846; 
.964) and speed zone 4 (ICC = .901, p < .001, 95% 
CI .811; .956). 

DISCUSSION

Interunit reliability

The present study suggests that the Titan 1+ 
provides good to moderate interunit reliability for 
distance during SLR and COD running protocols. 
Two important patterns were observed in the data 
across all straight-line running protocols. First, as 
the distance of a specific movement increased, 
device interunit reliability increased. Second, as 
movement speed increased for a specific distance, 
interunit reliability decreased but remained 
acceptable overall. These findings suggest that the 
Titan 1+ reported increased measurement variability 
as movement speed increased for straight-line 
activities. However, overall distance interunit 
reliability remained within acceptable measures.

The only two exceptions to the SLR observations 
are 10m sprinting (11.3 %CV) and 20m jogging 
(11.5 %CV) distances. Previous authors have 
identified comparable high-speed running distance 
reliability measures,23,27 suggesting that the Titan 
1+ will exhibit higher measurement variability for 
short distances during high-speed movements. 
This variability results from GPS technology lacking 
the ability to capture short burst accelerations over 
short distances.27 Meanwhile, low-speed distance 
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measures of 20m were likely due to participants 
continuing past the 20m end-line without a proper 
deceleration for the GPS to measure low-speed 
distance definitively. Interestingly, previous studies 
have cautioned against utilizing interunit reliability 
for distance measure comparisons during high-
speed running;7,12,16 due to increased measurement 
variability as movement speeds increased.12 

However, the present study provides adequate 
interunit reliability for high-intensity speeds over 20 
and 40m straight-line running. The results indicate 
that the Titan 1+ can provide comparable high-
speed running distances. 

Interunit reliability remains good (<5%) across both 
COD running protocols at all movement speeds. 
Interestingly, during these protocols, as movement 
speed increased, the Titan 1+ interunit reliability 

also increased. Further, as the change of direction 
exercises moved from gradual to tight turns, the 
Titan 1+ exhibited increased interunit reliability for 
each movement speed. Coupled with good 100m 
run and TSSC distance interunit reliability (1.3% and 
1.3%, respectively), the study findings suggest that 
the Titan 1+ is a reliable tool to produce consistent 
distance measures. 

While the Titan 1+ displayed acceptable interunit 
reliability across all running protocols for distance 
measures, the devices could not consistently 
measure distance within speed zones. Overall, the 
Titan 1+ measured only COD G sprinting (6.8 %CV) 
and COD T striding (7.1 %CV) with acceptable 
interunit reliability. There was evidence of decreasing 
measurement error through the present study as 
movement speeds increased during the 100m run 

Table 2. SLR Protocol Inter and Intraunit Reliability – Distance Within Speed 
Zone

%CV ICC 95% CI p α

Zone 2
10m 97.5 .924 .842, .968 < .001 .922
20m 68.7 .726 .437, .881 < .001 .752
40m 65.2 .515 .011, .790 .025 .526
Zone 3
10m 40.0 .685 .325, .867 .002 .674
20m 42.9 .787 .559, .908 < .001 .794
40m 20.5 .692 .346, .869 .001 .684
Zone 4
10m 24.1 .605 .208, .827 .004 .635
20m 31.3 .211 -.687, .666 .264 .208
40m 29.2 .620 .183, .840 .007 .609

Table 3. COD G, COD T, and TSSC Protocol Inter and Intraunit Reliability – Dis-
tance within Speed Zone

%CV ICC 95% CI p α

COD G
Zone 2 85.3 .956 .906, .982 <.001 .955
Zone 3 29.4 .905 .796, .961 <.001 .901
Zone 4 6.8 .427 -.274, .766 .084 .415
COD T
Zone 2 75.2 .896 .778, .956 <.001 .907
Zone 3 7.1 .798 .580, .913 <.001 .801
Zone 4 107.7 .695 .361, .869 <.001 .693
TSSC
Zone 2 18.3 .840 .694, .929 <.001 .862
Zone 3 23.4 .919 .846, .964 <.001 .921
Zone 4 30.2 .901 .811, .956 <.001 .900
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and SLR protocols, suggesting that device accuracy 
will increase with high-speed linear movements, thus 
reducing measurement variability.

During the TSSC protocol, device interunit reliability 
decreased as speed zones increased (18.3 - 30.2 
%CV). However, total distance measures within each 
speed zone, during this protocol were estimated 
similarly with known distances of corresponding 
movement speeds of jogging, striding, and sprinting, 
indicating that the Titan 1+ is capable of measuring 
reliable distances but speed zone thresholds may 
not have matched the participant’s movements 
properly. 

Intraunit Reliability

The Titan 1+ showed good intraunit reliability for 
the distance measured within speed zones during 
SLR, COD, and the TSSC running protocols. 
Overall, moderate to excellent intraunit reliability 
was observed during all SLR movements. In speed 
zone 2, there is a decrease in reliability and internal 
consistency as distances increased. However, this 
pattern was not observed in speed zone 3 or 4. 
High-speed, speed zone 4 movements, were poor 
for 20m SLR (ICC = .21), and the COD G (ICC= .43), 
indicating low reproducibility within devices. While 
COD G, speed zone 4 distance measures were poor, 
corresponding sprinting distance showed moderate 
intraunit reliability (ICC = .65, p = .004). All other 
COD G and COD T protocols and the TSSC protocol 
had moderate to excellent intraunit reliability and 
good to excellent internal consistency for distance 
within speed zones.

Intraunit reliability for distance measures during 
straight-line running was moderate to good across 
only 4 movements. Both the 10m sprint and 
20m jog showed acceptable intraunit reliability 
consistency but were the only two movements 
above acceptable measurement accuracy (11.3% 
and 11.5%, respectively). Suggesting distance 
data for these types of movements should only be 
compared within devices not across all Titan 1+ 
devices. Additionally, with only 40m jogging and 
striding showing acceptable intraunit reliability, all 
other straight-line movements between 10 and 40m 
should be compared across all Titan 1+ devices 
and not within devices. 

Change of direction distance intraunit reliability was 
considerably better than SLR results. Except the 
COD T sprint, all COD protocols, produced moderate 
intraunit reliability and good internal consistency for 

distance measures. Curiously, the COD T sprint 
had the best measurement accuracy (2.0%), 
across all COD protocols. These results indicate 
that high-speed change of direction running is best 
compared between Titan 1+ devices and should not 
be compared within devices. Additionally, intraunit 
reliability during the TSSC was good with good 
internal consistency (ICC = .81, p < .001, α = .81). 

The results of this study suggest that the Titan 1+ was 
able to produce reliable distance measures across all 
running protocols both within and between devices. 
Additionally, the Titan 1+ provided reliable distance 
measures in speed zones within devices, with good 
to excellent internal consistency for all running 
protocols. These results indicate that distance 
within speed zones should only be compared within 
Titan 1+ devices, not compared across a group. 
However, it is important to highlight that while the 
Titan 1+ did not measure distance within speed 
zones accurately, the data was reliable with strong 
internal consistency, indicating that the Titan 1+ 
can replicate measures. Therefore, the device may 
lack interunit reliability due to the preset speed zone 
thresholds established before data collection. 

The primary investigator’s opinion is that adjustment 
to speed zone thresholds should be made better to 
investigate the reliability of distance within speed 
zone measures. The fourth speed zone should be 
changed to have an upper limit of 6.7 m·s-1, which 
would still correspond with sprinting speeds, and 
a fifth speed zone, corresponding with very high-
speed sprinting (>6.7 m·s-1), should then be added. 
These thresholds would better align with upper-
level speed zones that have been observed in 
professional soccer players and professional AFL 
players.28-31

PRACTICAL APPLICATIONS

The present study is the first to investigate the 
intra-unit reliability of distance measures during a 
team-sport simulated circuit.4 The findings suggest 
that the Titan 1+ 10 Hz GPS devices provide good 
intraunit reliability for distance measure and good to 
excellent measures of distance within speed zones 
during activities designed to replicate prolonged 
field-based sports activities. Additionally, the internal 
consistency of these metrics was good to excellent. 
Therefore, the Titan 1+ 10 Hz GPS devices can 
provide reliable data during team-sport competition 
activities. However, due to variability in interunit 
reliability during low-speed movements, it is still 
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suggested that individuals wear the same device 
during all training sessions and competitions.

With the conclusion of this study, it is evident that the 
Titan 1+ 10 Hz GPS device is a reliable technology 
that can be compared to more popular GPS brands. 
The main benefit of implementing Titan Sensor 
technology compared to similar technology from 
companies such as Catapult is pricing. The Titan 
1+ 10 Hz GPS device and subsequent software 
costs considerably less than similar devices. 
Therefore, the availability of reliable, lower cost GPS 
technology would allow for smaller budgeted field-
based sports programs to invest in technology that 
will only improve their training sessions and match 
preparations. 

ACKNOWLEDGEMENTS

The authors thank the Houston Baptist University 
Men’s Soccer team for their participation. Special 
thanks to Madeline De Carlo, Kayla Rae Patton, and 
Hannah Breazeale for their contributions during data 
collection. Thank you to the Houston Baptist Men’s 
Soccer program for use of their Titan 1+ devices 
for the duration of this study. Thank you to Chris 
Peralta with Titan Sensors, he did not assist with the 
design, collection, data analysis, or interpretation of 
results. He provided direction on how to navigate 
the Titan Sensor dashboard and answered any 
questions about device functionality. Titan Sensor 
was not involved with any data collection nor did 
the company provide any financial incentive for the 
conduction of this investigation. The results of the 
present study do not constitute endorsement of the 
product by the authors.

REFERENCES

1.	 Cummins C, Orr R, O’Connor H, West C. Global 
positioning systems (GPS) and microtechnology 
sensors in team sports: a systematic review. 
Sports Med. Oct 2013;43(10):1025-42. 
doi:10.1007/s40279-013-0069-2

2.	 Dellaserra CL, Gao Y, Ransdell L. Use of 
integrated technology in team sports: a 
review of opportunities, challenges, and future 
directions for athletes. The Journal of Strength 
& Conditioning Research. 2014;28(2):556-573. 
doi:10.1519/JSC.0b013e3182a952fb

3.	 Thornton HR, Nelson AR, Delaney JA, Serpiello 
FR, Duthie GM. Interunit reliability and effect of 
data-processing methods of global positioning 

systems. International journal of sports physiology 
and performance. 2019;14(4):432-438. 

4.	 Scott MTU, Scott TJ, Kelly VG. The validity and 
reliability of global positioning systems in team 
sport: a brief review. The Journal of Strength & 
Conditioning Research. 2016;30(5):1470-1490. 

5.	 Delaney JA, Cummins CJ, Thornton HR, Duthie 
GM. Importance, reliability, and usefulness 
of acceleration measures in team sports. The 
Journal of Strength & Conditioning Research. 
2018;32(12):3485-3493. doi:10.1519/
JSC.0000000000001849

6.	 MacLeod H, Morris J, Nevill A, Sunderland C. The 
validity of a non-differential global positioning 
system for assessing player movement patterns 
in field hockey. Journal of sports sciences. 
2009;27(2):121-128. 

7.	 Willmott AGB, James CA, Bliss A, Leftwich 
RA, Maxwell NS. A comparison of two global 
positioning system devices for team-sport running 
protocols. J Biomech. Jan 23 2019;83:324-328. 
doi:10.1016/j.jbiomech.2018.11.044

8.	 Gabbett TJ, Domrow N. Relationships between 
training load, injury, and fitness in sub-elite 
collision sport athletes. Journal of sports 
sciences. 2007;25(13):1507-1519. 

9.	 Huggins RA, Giersch GE, Belval LN, et al. The 
validity and reliability of global positioning system 
units for measuring distance and velocity during 
linear and team sport simulated movements. The 
Journal of Strength & Conditioning Research. 
2020;34(11):3070-3077. 

10.	Beato M, Coratella G, Stiff A, Iacono AD. The 
validity and between-unit variability of GNSS 
units (STATSports Apex 10 and 18 Hz) for 
measuring distance and peak speed in team 
sports. Frontiers in physiology. 2018;9:1288. 

11.	Hoppe MW, Baumgart C, Polglaze T, Freiwald 
J. Validity and reliability of GPS and LPS for 
measuring distances covered and sprint 
mechanical properties in team sports. PloS one. 
2018;13(2):e0192708-e0192708. doi:10.1371/
journal.pone.0192708

12.	Johnston RJ, Watsford ML, Kelly SJ, Pine MJ, 
Spurrs RW. Validity and interunit reliability of 10 
Hz and 15 Hz GPS units for assessing athlete 
movement demands. The Journal of Strength & 
Conditioning Research. 2014;28(6):1649-1655. 

13.	Castellano JC, D.; Calleja-Gonzalez, J.; San 
Roman, D.; Ostojic, S. M. Reliability and 
Accuracy of 10 Hz GPS Devices for Short-
Distance Exercise. Journal of sports science & 
medicine. 2011;10:233-234. 

14.	Impellizzeri FM, Rampinini E, Marcora SM. 
Physiological assessment of aerobic training 



10Copyright: © 2024 by the authors. Licensee IUSCA, London, UK. This article is an
open access article distributed under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).

International Journal of Strength and Conditioning. 2024
The Reliability of the Titan 1+ 10 Hz Global Positioning System for 

Measures of Distance and Distance within Speed Zones

in soccer. J Sports Sci. Jun 2005;23(6):583-92. 
doi:10.1080/02640410400021278

15.	Sensor T. https://www.titansensor.com/sensors.
html

16.	Vickery WM, Dascombe BJ, Baker JD, Higham 
DG, Spratford WA, Duffield R. Accuracy and 
reliability of GPS devices for measurement of 
sports-specific movement patterns related to 
cricket, tennis, and field-based team sports. The 
Journal of Strength & Conditioning Research. 
2014;28(6):1697-1705. 

17.	Duffield R, Reid M, Baker J, Spratford W. 
Accuracy and reliability of GPS devices for 
measurement of movement patterns in confined 
spaces for court-based sports. J Sci Med 
Sport. Sep 2010;13(5):523-5. doi:10.1016/j.
jsams.2009.07.003

18.	Varley MC, Fairweather IH, Aughey RJ. Validity 
and reliability of GPS for measuring instantaneous 
velocity during acceleration, deceleration, and 
constant motion. J Sports Sci. 2012;30(2):121-7. 
doi:10.1080/02640414.2011.627941

19.	Roe G, Darrall-Jones J, Black C, Shaw W, Till K, 
Jones B. Validity of 10-HZ GPS and Timing Gates 
for Assessing Maximum Velocity in Professional 
Rugby Union Players. Int J Sports Physiol 
Perform. Jul 2017;12(6):836-839. doi:10.1123/
ijspp.2016-0256

20.	Jennings D, Cormack S, Coutts AJ, Boyd L, 
Aughey RJ. The validity and reliability of GPS units 
for measuring distance in team sport specific 
running patterns. International journal of sports 
physiology and performance. 2010;5(3):328-
341. 

21.	Coutts AJ, Duffield R. Validity and reliability of GPS 
devices for measuring movement demands of 
team sports. J Sci Med Sport. Jan 2010;13(1):133-
5. doi:10.1016/j.jsams.2008.09.015

22.	Jennings D, Cormack S, Coutts AJ, Boyd LJ, 
Aughey RJ. Variability of GPS units for measuring 
distance in team sport movements. International 
journal of sports physiology and performance. 
2010;5(4):565-569. 

23.	Nikolaidis PT, Clemente FM, van der Linden CM, 
Rosemann T, Knechtle B. Validity and reliability 
of 10-Hz global positioning system to assess in-
line movement and change of direction. Frontiers 
in physiology. 2018;9:228. 

24.	Rawstorn JC, Maddison R, Ali A, Foskett A, Gant 
N. Rapid directional change degrades GPS 
distance measurement validity during intermittent 
intensity running. PloS one. 2014;9(4)

25.	Portney LG. Foundations of Clinical Research: 
Applications to Evidence-Based Practice. FA 
Davis; 2020.

26.	Gray AJ, Jenkins D, Andrews MH, Taaffe DR, 
Glover ML. Validity and reliability of GPS for 
measuring distance travelled in field-based team 
sports. J Sports Sci. Oct 2010;28(12):1319-25. 
doi:10.1080/02640414.2010.504783

27.	Akenhead R, French D, Thompson KG, Hayes 
PR. The acceleration dependent validity 
and reliability of 10 Hz GPS. J Sci Med 
Sport. Sep 2014;17(5):562-6. doi:10.1016/j.
jsams.2013.08.005

28.	Krustrup P, Mohr M, Bangsbo J. Activity profile 
and physiological demands of top-class soccer 
assistant refereeing in relation to training status. 
Journal of Sports Sciences. 2002;20(11):861-
871. 

29.	Bangsbo J, Nørregaard L, Thorsø F. Activity 
profile of competition soccer. Canadian journal of 
sport sciences= Journal canadien des sciences 
du sport. 1991;16(2):110-116. 

30.	Mohr M, Krustrup P, Bangsbo J. Match 
performance of high-standard soccer players 
with special reference to development of fatigue. 
Journal of sports sciences. 2003;21(7):519-528. 

31.	Burgess D, Naughton G, Norton K. Profile of 
movement demands of national football players 
in Australia. Journal of Science and Medicine in 
Sport. 2006;9(4):334-341.

https://www.titansensor.com/sensors.html
https://www.titansensor.com/sensors.html

	ABSTRACT
	Keywords:

	INTRODUCTION
	METHODS
	Experimental Approach to the Problem
	Subjects
	Procedures
	Running Protocols
	Straight-Line Running
	Change of Direction Running
	Team Sport Simulated Circuit
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.


	STATISTICAL ANALYSIS
	RESULTS
	Interunit Reliability
	Satellite Data and Environmental Conditions
	Table 1.

	Intraunit Reliability
	Table 2.
	Table 3.

	DISCUSSION
	Interunit reliability
	Intraunit Reliability

	PRACTICAL APPLICATIONS
	ACKNOWLEDGEMENTS
	REFERENCES



