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Abstract 
A new four-quarter match format in field hockey has meant that 
the locomotor activity profiles of the sport are inconsistent with 
the literature. The aim of this investigation was to identify the 
physical and physiological demands of national-level male 
hockey players. Thirty-two male players participated in the study. 
Participants were monitored with GPS and heart rate monitors. 
Variables analysed were total time, total distance (m), relative to-
tal distance (m.min-1), total distance in velocity bands (m), and 
activity intensity (m.min-1). Mean and maximum heart rate were 
calculated as well as total time and percentage time spent in heart 
rate zones relative to HRmax. Players spent 52 ± 11 min in play. 
The total distance covered was 5986 ± 1105 m (116 ± 12 m.min-

1) with 21.4 ± 6.8 m.min-1 of high intensity activity. Defenders 
covered the lowest relative total distance (p < 0.001) and attackers 
the highest (p < 0.001). Relative total distance in Q4 was 5% 
lower than in Q1and Q2 (p < 0.05) with moderate intensity exer-
cise (8.1 - 15.5 km.h-1) being 11% lower in Q4 compared to Q1 
and Q2. The mean HR and HRmax of players were 167 ± 10 and 
194 ± 11 bpm respectively. Players had a lower mean HR in Q3 
(164bpm) and Q4 (164bpm) compared to Q1 (169bpm) and Q2 
(168bpm; p < 0.001). The current study provides novel data out-
lining the physical and physiological activity profiles of national-
level male field hockey players across playing positions as well 
as quarters of play. The results highlight a need to consider posi-
tional differences when implementing a training programme for 
players at national level. 
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Introduction 
 

It is well established that field hockey is a sport character-
ised by a high-intensity intermittent activity profile (Ihsan 
et al., 2021; James et al., 2021; Kusnanik et al., 2018; 
Macutkiewicz and Sunderland, 2011; McGuinness et al., 
2019b). However, recent rule modifications have caused 
several changes to the overall locomotor activity profiles 
of match-play (Ihsan et al., 2021). In 2014, the total game 
time for international field hockey was reduced from 70 
minutes to 60 minutes, and the game format changed from 
two 35-minute halves to four 15-minute quarters 
(International Hockey Federation, 2019). Research has in-
dicated that these rules have resulted in increases in the rel-
ative total distance (RTD) covered by players, with a 3.3% 
increase for midfielders and a 9.8% increase for forwards, 
and high speed running with a 7.7% difference for mid-
fielders (McMahon and Kennedy, 2019). In 2019, England 
Hockey introduced the four-quarter format to the English 
Hockey League (EHL), but only at the elite domestic level 

(England Hockey, 2019). Unlike the international game, 
the quarters at elite domestic level, are 17.5 minutes as op-
posed to 15 minutes, meaning that total match time remains 
at 70 minutes. To account for this difference, time is not 
paused for penalty corners (PCs) or goals at elite domestic 
level. It is possible that these rule changes have altered the 
overall locomotor activity profiles of hockey players at 
elite domestic level compared to international competition. 

Identifying the physical activity profiles of match-
play at elite domestic level could be beneficial to coaches 
and support staff, as this can be used to inform training pro-
grammes, nutritional requirements, and match tactics (i.e., 
substitutions) (Polglaze et al., 2018). Like many team 
sports, wearable devices that include Global Positioning 
Systems (GPS) and Inertial Measurement Units (IMU) 
have become the predominant method of assessing the 
physical activity profiles associated with field hockey 
(Ihsan et al., 2021; James et al., 2021; Kusnanik et al., 
2018; McGuinness et al., 2019b). These devices provide 
objective data on the quantity and intensity of exercise, 
with measures such as distance travelled, velocities, accel-
erations, and changes of direction. Whilst several studies 
have used GPS and IMU devices to investigate interna-
tional match-play with the new rules (Ihsan et al., 2021; 
McGuinness et al., 2019a; McMahon and Kennedy, 2019; 
Morencos et al., 2017), the physiological and locomotor 
activity profiles remain unclear, particularly for national 
level players. Ihsan et al. (2021) and Morencos et al. (2017) 
found a progressive decline in total distance (TD) per-
formed by elite male players in each of the four quarters, 
with Ihsan et al. (2021) suggesting that this was due to a 
decline in low-intensity distance covered (≤ 15 km.h-1) as 
opposed to the high-intensity distance covered (≥ 15 km.h-

1). In contrast, McGuinness et al. (2019b) reported a de-
crease in high-intensity distance covered (> 16 km.h-1) and 
an increase in the distance covered at a moderate intensity 
(8 - 15.9 km.h-1) over the four quarters in elite female 
hockey players. These discrepancies could indicate a dif-
ference between the men’s and women’s game, or could be 
due to a difference in the definitions of intensity with Ihsan 
et al. (2021) defining high-intensity distance as ≥ 15 km.h-

1 and McGuinness et al. (2019b) defining it as > 16 km.h-1. 
This highlights the need for further research on the loco-
motor activity profiles of the hockey to better understand 
the modern rule changes. 

Heart rate (HR) is another objective measure that 
has been used to indicate the physiological activity profiles 
experienced by hockey players during a match (Perrotta et 
al., 2017). Before the rule change, Buglione et al. (2013) 
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demonstrated that elite and sub-elite male hockey players 
had a mean HR of 84.5 ± 3.7 % and 85.8 ± 2.8 % of HRmax 
respectively, with a decline in HR in the second half com-
pared to the first. It was identified that elite male players 
spent 61% of a match above 85 % HRmax and sub-elite 62 
%. Elite international female hockey players have been 
found to spend 53  ± 13 % of a match above 85 % HRmax 

with the new four quarter format (McGuinness et al., 
2019a).  McGuinness et al. (2019b) also observed that time 
spent at > 70 % max HR decreased significantly across 
quarters. Prior to the rule change, there were no differences 
in HR measures in female players during a hockey match 
between the different playing positions (Sell and Ledesma, 
2016). However, McGuinness et al. (2019a), who’s study 
was conducted after the rule change, found that interna-
tional female midfielders experience a higher HRpeak than 
forwards but not defenders, and defenders spend the high-
est percentage of match play above 85 % HRmax. This fur-
ther highlights the change the new rules may have made to 
the game and physiological activity profiles of players. To 
our knowledge, no research has documented the HR of 
male hockey players over the new four quarter format of 
field hockey. 

Understanding the physiological and physical loco-
motor activity profiles of match play provides useful infor-
mation on physiological responses which could better in-
form training prescription and recovery strategies 
(Bourdon et al., 2017; James et al., 2021). Therefore, the 
aim of this study was to report the physical and physiolog-
ical locomotor activity profiles of male field hockey play-
ers in the National League of the England Hockey League 
(EHL), under the new four-quarter match format. The null 
hypothesis is that there will be no difference in locomotor 
activity and physiological responses between the 4 quarters 
of the match. 

 
Methods 
 
Participants 
Thirty-two male outfield hockey players (age 26.3 ± 3.1 
years, stature 178.4 ± 6.2 cm, body mass 75.2 ± 7.1 kg) 
from two national league field hockey teams participated 
in the study. They consisted of nine defenders, twelve mid-
fielders and eleven attackers. Players were monitored over 
ten competitive matches during the 2019/2020 season of 
the England Hockey League. Game data was only included 
if players performed in each of the four quarters of the 
match for a minimum of seven minutes per quarter equat-
ing to half of a quarter. 3 data sets were removed as a result. 
Players were informed about all testing procedures and 
written informed consent was obtained from all partici-
pants. Ethical approval for the study was gained from the 
School of Human and Health Sciences Research Ethics 
Panel at The University of Huddersfield 
 
Experimental procedures 
 
Kinematic measures 
The physical activity of each participant was attained using 
a 10 Hz GPS unit (Optimeye S5, Catapult Sports, Mel-
bourne, Australia). The GPS unit was encased in a custom-

made vest provided by the manufacturer with the unit sit-
ting in between the shoulder blades in the upper thoracic 
spine region ensuring there was no restriction to the move-
ment of the arms or torso. Players were assigned the same 
GPS unit for each match to eliminate any potential inter-
unit reliability error (Malone et al., 2017). The units were 
turned on 30 minutes prior to warm-up to allow for satellite 
connection. The average number of satellites and horizon-
tal dilution of position across the entire data collection 
were 12.0 ± 0.3 and 0.75 ± 0.01, respectively, therefore 
GPS quality was considered ideal (Malone et al., 2017). 
Catapult S5 GPS units have previously shown acceptable 
levels of reliability and validity for velocity-based varia-
bles (Hoppe et al., 2018). Following each match, data files 
were downloaded using the GPS units using the manufac-
turers software (Openfield, version 1.14, Catapult Sports, 
Melbourne, Australia).  Data was then exported to Mi-
crosoft Excel (Microsoft, Redmond, USA) for further anal-
ysis. In total there were 100 player data files (37 ATT, 38 
MID, and 25 DEF). 

The variables analysed across match quarters and 
playing positions were: Total time played (TT), total dis-
tance (TD) (m), relative total distance (RTD) (m.min-1), to-
tal distance in velocity bands (m) and activity intensity 
(m.min-1). Thresholds for the velocity zones were estab-
lished using previous research (Buglione et al., 2013; 
Casamichana et al., 2018; Dwyer and Gabbett, 2012; Lythe 
and Kilding, 2011; Morencos et al., 2017; White and 
MacFarlane, 2013) and were categorised as follows: band 
1 - Standing (< 0.2 km.h-1), band 2 - Walking (0.2 - 8.0 
km.h-1), band 3 - Jogging (8.1 - 15.5 km.h-1), band 4 - Run-
ning (15.6 - 23.0 km.h-1), band 5 - Sprinting (> 23.0 km.h-

1). Using these bands, activity intensity was calculated as 
total distance per band/total match minutes played with 
bands 1 and 2 relating to low intensity activity (LIA), band 
3 being moderate intensity activity (MIA) and bands 4 and 
5 high intensity activity (HIA). 
 
Physiological measures 
To assess physiological activity profiles of the players, a 
(HR) monitor (Polar Electro, Oy, Finland) was worn 
around the heart line and wirelessly paired with the same 
players’ GPS unit. HR was tracked over the course of a 
season, both in training and match-play to ensure the cor-
rect value was used, and HRmax was determined as the 
maximum heart rate achieved during the season. Values 
were calculated as a percentage of this figure and grouped 
based on previous research (Buglione et al., 2013; Lythe 
and Kilding, 2011; McGuinness et al., 2019a; 2019b) as 
follows: Band 1 - moderate intensity (65 % - 75 %), band 
2 - high intensity (75 % - 85 %), band 3 - very high inten-
sity (85 % - 95 %), band 4 - maximal intensity (>95 %). 
HR was also calculated per band as a percentage of total 
time ((total time in band/total match time played) *100). 
 
Statistical analysis 
Data are presented as mean ± standard deviation (SD). Sta-
tistical analyses were conducted using SPSS for windows 
(Version 26, SPSS Inc. Chicago, USA). A one-way analy-
sis of variance (ANOVA) was used to outline any potential 
differences in running performance or HR across positions 
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(attack (ATT), midfield (MID), defence (DEF)) and a re-
peated measures ANOVA was used to assess differences 
in quarters (Q1, Q2, Q3, Q4).  The level of significance was 
set at p < 0.05. When significant main effects were ob-
served a post-hoc Tukey test was applied to identify the 
location of the differences. Cohen’s effect size (d) was 
paired with significance to determine the magnitude of any 
changes found (Sunderland and Edwards, 2017); where < 
0.2 = trivial effect, 0.2 - 0.49 = small effect, 0.5 - 0.8 = 
moderate effect, and > 0.8 = large effect (Cohen, 1992). 
 

Results 
 

The running activity profiles are shown in Table 1. The 
mean total distance (TD) covered during matches was 5986  
± 1105 m with a mean total playing time of 52 ± 11 min. 
This resulted in a mean RTD of 116 ± 12 m.min-1. On av-
erage, players covered 2246 ± 590 m walking, 2660 ± 552 
m jogging, 979 ± 272 m running, and 90 ± 56 m sprinting: 
equating to 42.9 ± 4.0 m.min-1 low intensity activity, 52.1 
± 9.1 m.min-1 moderate intensity activity, and 21.4 ± 6.8 
m.min-1 high intensity activity. The TD covered in each ve-
locity band by playing position can be seen in Figure 1. 
ATT covered the most running distance compared to the 
other positions (band 4; P = 0.001, ES 0.37). ATT had a 
higher sprinting distance than DEF (band 5; P = 0.18, ES 
0.28). 

Although no significant difference was found in TD 
between playing positions, a main effect was found in RTD 
(P = <0.001). DEF were observed to cover the lowest RTD 
(105 ± 13 m.min-1) when compared to both ATT (120 ± 10 
m.min-1; P < 0.001, ES = 0.26) and MID (120 ± 9 m.min-1;  
P < 0.001, ES = 0.26). ATT covered significantly more 
running distance (1104 ± 261 m) in comparison to the other 
two positions (MID = 930 ± 157 m, P = 0.011, ES = 0.82; 
DEF = 865 ± 361 m, P = 0.002, ES = 0.79) and significantly 
more sprinting distance than DEF (ATT = 109 ± 62, DEF 
= 70 ± 56 m;  P = 0.18,  ES = 0.65).  Furthermore, high in- 

tensity activity revealed differences between all three      
positions with ATT having the highest work rate (24.8 ± 
6.0 m.min-1) and DEF the lowest (21.4 ± 6.8 m.min-1; P < 
0.001, ES = 0.27). 
 

 

 
 

 
 

Figure 1. Total running distance in band 2 – Walking (0.2 - 
8.0 km.h-1), band 3 – jogging (8.1 - 15.5 km.h-1), band 4 – 
running (15.6 - 23.0 km.h-1), band 5 – sprinting (> 23.0 km.h-
1). a = significantly different to attackers (p < 0.05), b = significantly dif-
ferent to midfielders (p < 0.05), c = significantly different to defenders (p 
< 0.05) 
 

Table 2. shows the locomotor activity profiles of 
players across the four quarters of a field hockey match. 
Total distance again showed no significant difference how-
ever there was a main effect with RTD between quarters. 
Q4 (113.5 ± 14.5 m.min-1) was significantly lower when 
compared to Q1 (119.8 ± 17.4 m.min-1; P = 0.022, ES = 
0.4) and Q2 (119.2 ± 15.7 m.min-1; P = 0.048, ES = 0.38) 
as shown in Figure 2. When activity intensity was consid-
ered, a significant main effect was observed in moderate 
intensity activity. MIA in Q4 (49.0 ± 15.6 m.min-1) was 
significantly lower than in Q1 (55.6 ± 12.0 m.min-1; P = 
0.003, ES = 0.48) and Q2 (55.1 ± 15.5 m.min-1; P = 0.009, 
ES = 0.39). There was no main effect found in LIA or HIA 
between the quarters.  

 

 Table 1. Mean ± standard deviation for the movement demands of sub-elite male hockey players across playing positions. 

Running metric 
Playing Positions 

All 
Attackers Midfielders Defenders 

Total time (min) 50 ± 10 49 ± 10 61 ± 11 52 ± 11 
Total Distance (m) 5977 ± 1158 5772 ± 947 6346 ± 1208 5986 ± 1105 
Relative Total Distance (m.min-1) 120 ± 10 c 120 ± 9 c 105 ± 13 a,b 116 ± 12 
LIA (0-8km.h-1) (m.min-1) 42.3 ± 3.3 42.5 ± 4.6 44.5 ± 3.7 42.9 ± 4.0 
MIA (8.1-15.5 km.h-1) (m.min-1) 53.1 ± 7.0 c 55.5 ± 8.2 c 45.0 ± 9.7 a,b 52.1 ± 9.1 
HIA (> 15.6 km.h-1) (m.min-1) 24.8 ± 6.0 b,c 21.6 ± 5.1 a,c 15.6 ± 6.7 b,c 21.4 ± 6.8 

a = significantly different to attackers (p < 0.05), b = significantly different to midfielders (p < 0.05), c = significantly different to defenders (p < 0.05) 
 

Table 2. Mean ± standard deviation for the movement demands of sub-elite male hockey players across playing positions 
and match quarters. 

Movement demands 
Match Quarter 

Q1 Q2 Q3 Q4 
Total time (min) 13 ± 4 13 ± 3 13 ± 4 13 ± 4 
Band 2 Distance (0.2 – 8.0 km.h-1) (m) 1082 ± 191 1046 ± 171 1014 ± 196 1044 ± 202 
Band 3 Distance (8.1 – 15.5 km.h-1) (m) 714 ± 195*,# 687 ± 195 638 ± 191 ^ 631 ± 219 ^

Band 4 Distance (15.6 – 23.0 km.h-1) (m) 254 ± 98 239 ± 81 234 ± 88 253 ± 107 
Band 5 Distance  (> 23.0 km.h-1) (m) 22 ± 20 20 ± 19 20 ± 21 28 ± 33 
LIA (0-8km.h-1) (m.min-1) 42.3 ± 8.4 44.6 ± 11.8 43.8 ± 6.8 43.7 ± 9.8 
MIA (8.1-15.5 km.h-1) (m.min-1) 55.6 ± 12.0+ 55.1 ± 15.5 + 50.9 ± 9.8 49.0 ± 15.6 ^, #

HIA (> 15.6 km.h-1) (m.min-1) 22.1 ± 8.8 21.0 ± 7.5 21.2 ± 9.0 22.2 ± 8.9 
^ = significantly different to Q1 (p < 0.05), # = significantly different to Q2 (p < 0.05), * = significantly different to Q3 (p < 0.05), 
+ = significantly different to Q4 (p < 0.05) 
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Figure 2. Distance performed over four playing quarters (Q1 
- Q4) by male field hockey players. A) Total distance (m) over 
Q1 - Q4. B) Relative total distance (m.min-1) over Q1 - Q4.      
^ = significantly different to Q1 (p < .022), # = significantly different to 
Q2 (p < .048), + = significantly different to Q4 (p < .05). 
 

The physiological profiles are shown in Table 3. 
Mean HR and HRmax, regardless of playing position, were 
167 ± 10 and 194 ± 11 bpm, respectively. Players spent an 
average of 60 ± 18 % of playing time at > 85 % HRmax. 
There were positional differences found during match play. 
EF (55.1 ± 15.5 min) were observed to spend significantly 
more time in the high intensity HR band throughout a 
match than both ATT (12 ± 6 min; P = 0.001, ES = 0.86) 
and MID (13 ± 4; P = 0.008, ES = 0.82). 

The HR data for the players separated by HR band 
and match quarter is shown in Table 4. Average HR and 
HRmax data are shown Figure 3. Average HR (P < 0.001, 
ES = 0.51) and HRmax (P = 0.01, ES = 0.3) were shown to 
have significant main effects across the quarters. A post-
hoc analysis revealed that in Q3 (164 ± 11 bpm) and Q4 
(164 ± 11 bpm) players had a lower average HR than in 

both Q1 (169 ± 11 bpm) and Q2 (168 ± 11 bpm). When 
time spent in HR bands was measured, a main effect was 
observed across quarters in all bands. Time in HR band 2 
was significantly lower (P = 0.001, ES = 0.5) in Q1 (3 ± 2 
min) and Q2 (3 ± 2 min) compared to Q3 (4 ± 2 min) and 
Q4 (4 ± 2 min) and time in HR band 3 (85 – 95 % HRmax) 
was lower in Q3 (6 ± 3 min) when compared to Q1 (7 ± 3 
min; P = .042, ES = 0.61) and Q2 (7 ± 3 min; P = 0.038, 
ES = 0.6). 

 
 

 

 
 

Figure 3. Average HR and max HR data for all playing posi-
tions across four quarters (Q1-Q4) of a field hockey match.     
^ = significantly different to Q1 (p < 0.05), # = significantly different to 
Q2 (p < 0.05), * = significantly different to Q3 (p < 0.05), + = significantly 
different to Q4 (p < 0.05). 

Discussion 
 

The aim of this study was to assess the match-play loco-
motor activity profiles of elite domestic male hockey play-
ers in the English National League with reference to play-
ing position and the new four quarter match format. The 
main findings are that players perform more RTD in Q1 
and Q2 compared to Q4, and MIA is lower in Q4 compared 
to Q1 and Q2. Furthermore, average HR and HRmax both 
decreased from Q1 to Q4 for all players. To our knowledge, 
this is the first study to report the locomotor activity pro-
files of field hockey under the new English National 
League format and the first to report HR data for male 
hockey players since the introduction of the four-quarter 
structure. This information could be useful for coaches and 
players when developing training programmes to optimise 
performance for the new game format including load man-
agement, substitution tactics and nutritional interventions. 

 
Table 3. Mean ± standard deviation for the physiological demands of sub-elite male hockey players across playing positions. 

Physiological demand 
Playing Position 

All 
Attackers Midfielders Defenders 

Mean HR (bpm) 167 ± 10 166 ± 8 167 ± 13 167 ±10 
HRmax (bpm) 196 ± 12 191 ± 9 195 ± 11 194 ± 11 
Band 1 (min: 65 - 75 %) 5 ± 6 4 ± 4 6 ± 5 5 ± 5 
Band 1 (% time) 10 ± 11 9 ± 9 9 ± 7 10 ± 10 
Band 2 (min: 75 - 85 %) 12 ± 6 c 13 ± 4 c 18 ± 8 a,b 14 ± 7 
Band 2 (% time) 24 ± 11 26 ± 7 28 ± 10 26 ± 10 
Band 3 (min: 85 - 95 %) 24 ± 9 26 ± 7 28 ± 7 26 ± 8 
Band 3 (% time) 50 ± 16 54 ± 12 47 ± 12 50 ± 14 
Band 4 (min: > 95%) 5 ± 6 4 ± 3 7 ± 7 5 ± 5 
Band 4 (% time) 9 ± 10 7 ± 6 12 ± 13 9 ± 10 
Percentage Time > 85% HRmax (%) 58 ± 20 61 ± 15 59 ± 19 60 ± 18 
a = significantly different to attackers (p < 0.001), b = significantly different to midfielders (p < 0.008), c = significantly 
different to defenders (p < 0.05). 
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Table 4. Mean ± standard deviation for the physiological demands of sub-elite hockey players across playing 
positions and match quarters.  

Physiological demands 
Match Quarter 

Q1 Q2 Q3 Q4 
Band 1 (min: 65 - 75 %) 1 ± 1+ 1 ± 1+ 1 ± 2 2 ± 2^,# 
Band 2 (min: 75 - 85 %) 3 ± 2*,+ 3 ± 2 *,+ 4 ± 2^,# 4 ± 2^,# 
Band 3 (min: 85 - 95 %) 7 ± 3* 7 ± 3* 6 ± 3^,# 6 ± 3 
Band 4 (min: > 95%) 2 ± 2*,+ 1 ± 2 1 ± 2^ 1 ± 1^ 
Percentage Time > 85% HRmax (%) 67 ± 19 66 ± 20 54 ± 21 54 ± 24 
^ = significantly different to Q1 (p < 0.05), # = significantly different to Q2 (p < 0.05), * = significantly 
different to Q3 (p < 0.05), + = significantly different to Q4 (p < 0.05). 

 
Although time-motion analysis studies exist for 

field hockey, some may be deemed outdated due to the new 
four-quarter match structure that has been implemented. 
Since the rule change, Ihsan et al. (2021) has reported that 
elite male hockey players cover 8387 ± 578 m during a 
match. In their study however, they calculated TD as if the 
player had participated in the full 60 min rather than their 
actual playing time and actual TD. Players in the current 
study covered a total of 5986 ± 1105 m in an average play-
ing time of 52 ± 11 min, giving a RTD of 116 ± 12 m.min-

1. The two results are difficult to compare as Ihsan et al. 
(2021) over-estimate the true TD of players. Morencos et 
al. (2017) observed distances between 1800 - 2000 m per 
quarter which is again higher than the 1450 - 1600 m found 
in this study. However, in Morencos et al. (2017) study 
players played 3 - 6 minutes longer per quarter than players 
in the current study. 

Activity profiles can be analysed further when bro-
ken down into the intensities in which they were per-
formed. It is important to understand running intensity dur-
ing a match as opposed to TD alone to give a reference 
point for training intensity as it can be used to determine 
the absolute stress placed on players (Casamichana et al., 
2018). In the current study, players covered 38% (2246 ± 
590 m) of TD walking, 44% (2660 ± 552 m) jogging, 16 % 
(979 ± 272 m) running, and 2% (90 ± 56 m) sprinting. This 
is in line with previous research showing that most time 
during a match is spent in low intensity activity both before 
(Macutkiewicz and Sunderland, 2011) and after the rule 
change (McMahon and Kennedy, 2019). Direct compari-
sons of velocity bands, however, is difficult due to the def-
initions of low intensity, moderate intensity and high inten- 
sity activity used amongst the literature. In the studies that 
have focussed on men’s hockey since the introduction of 
the four-quarter format, Ihsan et al. (2021) identified low 
intensity activity as ≤ 15 km.h-1 and high intensity activity 
as ≥ 15 km.h-1 while Morencos et al. (2017) used standing-
walking (< 9.0 km.h-1), jogging (9.1 - 15.0 km.h-1), moder-
ate speed running (15.1 - 18.9 km.h-1), high-speed running 
( >19 km.h-1), and sprinting (> 23.0 km.h-1), of which high-
speed running and sprinting were grouped as high intensity 
exercise. Neither study gives values for total distance in the 
activity intensities, instead reporting values split by play-
ing position. 

Positional  activity profiles of field hockey players 
have been previously reported with DEF having been 
found to cover the most total distance in match-play 
(McGuinness et al., 2019a; Sunderland and Edwards, 
2017). DEF have also, however, been reported to play the 
most minutes in a match. Results from this study identified 

that DEF (105 ± 13 m.min-1) completed significantly less 
RTD when compared to ATT (120 ± 10 m.min-1) and MID 
(120 ± 9 m.min-1) agreeing with literature conducted after 
the rule change (Morencos et al., 2017). ATT covered more 
high-speed distance than both MID and DEF evident in the 
results for both band 4 (ATT: 1104 ± 261 m; MID: 
1104 ± 261 m; DEF: 865 ± 361 m) and band 5 (ATT: 
109 ± 62 m; MID: 84 ± 45 m; DEF: 84 ± 45) velocities in 
this study. Although direct comparisons with previous lit-
erature can be difficult due to different methodologies or 
velocity zones being used, research seems to report similar 
results and ATT are generally reported to perform the most 
HIA in field-hockey matches (Ihsan et al., 2021; Morencos 
et al., 2017; Sunderland and Edwards, 2017). These results 
are likely because of positional roles; ATT tend to sprint 
faster and more often as they try to seek the ball and scoring 
opportunities (Vescovi, 2015) whereas DEF may hold po-
sitions in order to stop goal scoring opportunities rather 
than following the ATT (Harry and Booysen, 2020). The 
implications of this could mean different conditioning pro-
grammes are required for the differing positions to reduce 
injury risk and improve positional performance. 

We found no significant difference in TD covered 
between the four quarters of a match. Prior to the rule 
change, Jennings et al. (2012), Liu et al. (2013), and Lythe 
and Kilding (2013) identified a decrease in TD for interna-
tional players between the first and second halves of a 
match, with all authors attributing the decline to lower 
high-speed running in the second half. In the present study, 
no significant difference was identified in high-speed run-
ning over the quarters of the match although a significant 
decline in MIA (8.1 - 15.5 km.h-1) between Q4 and Q1-2 
was found. Our results could therefore suggest that players 
are sacrificing moderate intensity activity to retain high in-
tensity performance for the duration of a match. The addi-
tional breaks which have been introduced in the game may 
have allowed players to perform at a higher intensity for 
the duration of a match as outlined by McMahon and 
Kennedy (2019). It is also possible that the game has been 
tactically altered with a higher rate of substitutions 
(McMahon and Kennedy, 2019) and these changes are re-
sponsible for the current performance profiles. Substitu-
tions have been shown to offset decrements in physical out-
put rather than improve physical outputs (Lythe and 
Kilding, 2011). In the present study a difference was iden-
tified in RTD between the quarters of play. RTD in Q4 
(113.5 ± 14.5 m.min-1) was lower than both Q1 (119.8 ± 
17.4 m.min-1) and Q2 (119.2 ± 15.7 m.min-1). As there was 
no difference noted in TD this potentially means that play-
ers are playing more minutes in the final quarter which, as 
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suggested by Lythe and Kilding (2013), could be a tactical 
change to offset decrements in performance in the final 
minutes of a game by increasing substitutions. Future re-
search is warranted on the use of substitutions within field 
hockey and their impact on performance output. 

To the authors knowledge, this is the first study to 
report the HR of male hockey players since the introduc-
tion of the four-quarter match format in the English Na-
tional Hockey League. Understanding an athlete’s physio-
logical response to an exercise stimulus can help aid the 
training of the cardiovascular system with particular focus 
on HR training loads within the sport (Polglaze et al., 
2018). Physiologically focussed training drills can then be 
implemented which elicit an intended training load re-
sponse (Perrotta et al., 2019). The results from this study 
show that players spent 60 ± 18 % of their total match-play 
time at over 85% of HRmax. This agrees with previous lit-
erature conducted before the rule change (Harry and 
Booysen, 2020; Lythe and Kilding, 2013) and highlights 
the demands a hockey match places on the aerobic systems 
of players. It does not however, show that the new match 
format has made the game any more intense than it was 
previously. Average HR and HRmax for all players was 
found to be 167 ± 10 bpm and 194 ± 11 bpm respectively 
which is similar to HR data from female players reported 
before and after the rule change (McGuinness et al., 2019b; 
Sell and Ledesma, 2016), and from male players reported 
prior to the rule change (Buglione et al., 2013). There were 
no significant differences in average HR or HRmax across 
the three playing positions however it was identified that 
DEF (18 ± 8 min) spent significantly more time in HR 
band 2 (75 - 85 % HRmax) compared to both ATT (12 ± 
6 min) and MID (13 ± 4 min). The reason for this is likely 
to be the longer amount of time DEF spent on the pitch in 
a match (significantly more when compared to ATT and 
MID) as there were no differences found when the percent-
age of TT spent in all HR bands was analysed. These find-
ings agree with previous literature that playing position 
does not influence HR response in field hockey players 
(Konarski, 2010; Sell and Ledesma, 2016) and suggests no 
differences in HR data due to the new match format in re-
lation to playing position. 

Although positional differences were not found in 
this study, there were differences identified when HR was 
analysed over the four quarters of a match. Average HR 
was found to be significantly lower in 
Q3 (164 ± 11 bpm) and Q4 (164 ± 11 bpm) compared to 
Q1 (169 ± 11 bpm) and Q2 (168 ± 11 bpm) and HRmax was 
significantly higher in Q1 (191 ± 10 bpm) compared to Q3 
(187 ± 12 bpm) and Q4 (187 ± 13 bpm). Time in HR band 
3 (85 – 95 % HRmax) was found to be lower in Q3 (6 ± 3 
min) than in both Q1 (7 ± 3 min) and Q2 (7 ± 3 min). Con-
sidering the running activity profiles mentioned earlier and 
these results, it is possible that training methods have been 
adapted for the new match format, which could explain 
why high intensity running does not change but HR de-
creases. Another possibility could be the additional breaks 
may be allowing players to recover more efficiently and 
therefore maintain high intensity in the final quarter. As 
this is the first study to identify physiological profiles of 
male field hockey players across four quarters there is little 

research to compare these results to. McGuinness et al. 
(2019a) found that elite female players showed an increase 
in % HRmax between Q2 and Q3 when compared to Q1, and 
a significant decrease in the time spent > 70 % HRmax be-
tween Q2 and Q4 compared to Q1. This shows similar 
trends between the two studies however there is more re-
search required in this area to allow for conclusions to be 
made on the true physiological demands of the game and 
therefore inform training. 

The results show that on average players cover a TD 
of 5986 ± 1105 m during a match with DEF covering the 
lowest RTD and ATT covering more distance in high ve-
locity zones (running and sprinting). There was no differ-
ence noted in TD covered between the quarters of the 
match, however there was a decline in RTD possibly sug-
gesting tactical implementation towards the end of a match. 
HIA did not decrease over the four quarters of a match 
however HR showed a decline in Q3 and Q4 compared to 
Q1 and Q2 perhaps indicating the additional breaks within 
the game are allowing players more efficient recovery dur-
ing a match. It would be beneficial for more physiological 
indicators to be measured in future research to strengthen 
knowledge in this area. 

There are limitations of the present study which 
should be considered when interpreting the results. Tactics 
for either team were not accounted for, and oppositional 
play has been shown to affect playing performance 
(Higham et al., 2012) along with opponent ranking (James 
et al., 2022). The match score line, and venue (home or 
away) are also not reported; these variables could have an 
influence on the locomotor activity of players. Whilst this 
paper used more traditional statistical analysis methods in 
line with similar research in this area (Ihsan et al., 2021; 
McGuinness et al., 2019a), further research could explore 
these additional variables using more contemporary analy-
sis methods such as linear mixed models as shown in (Cun-
niffe et al., 2022; Brocherie et al., 2015).  With limited re-
search in male field hockey, and the seemingly regular in-
troduction of rule changes, it is important that more re-
search is conducted to identify the true locomotor activity 
profiles of the sport both physically and physiologically 
perhaps using different parameters to those already re-
ported. Future research could focus not only on locomotor 
and physiological profiles, but biomechanics as well. 

 
Conclusion 
 
The current study outlines the physical and physiological 
activity profiles of national-level male field hockey players 
across playing positions as well as quarters of play with the 
results highlighting a need to consider positional differ-
ences when implementing a training programme for play-
ers, not just at elite level. The study identifies that the new 
four-quarter match format changes the locomotor activity 
profiles of the game with players covering 116 ± 12 m.min-

1
 and 21.4 ± 6.8 m.min-1. Coaches in teams which move to 

the four-quarter format should use this information when 
designing training sessions as well as when employing tac-
tical changes within a match. This is the first study to iden-
tify the HR of male field hockey players across 4 quarters 
of a hockey match. Differences were identified both within 
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positions as well as across the quarters of the match with 
defenders spending more time at 75% - 85% HRmax and all 
players having a lower mean HR in Q3 & Q4 compared to 
Q1 and Q2. Coaches and applied practitioners can use this 
information to specify their training programmes and better 
simulate match-play.  
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Key points 
 
 This study provides novel normative data on the physical 

and physiological demands of elite domestic male field 
hockey players across playing positions as well as quarters 
of play. 

 The data in this paper could be beneficial to practitioners 
and coaches working in elite domestic field Hockey, as this 
can be used to inform training programmes, nutritional re-
quirements, and match tactics (i.e., substitutions). 

 Our findings suggest that position specific training pro-
grammes would best replicate the demands of each position. 
The data could also help coaches to develop tactical substi-
tution protocols during matches. 

 This is the first study to report the heart rate of male hockey 
players since the introduction of the four-quarter match for-
mat in the English National Hockey League. Understanding 
an athlete’s physiological response to an exercise stimulus 
can help aid the training of the cardiovascular system with 
particular focus on heart rate training loads within the sport. 
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