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Abstract

Background: Heart rate value during different phases of archery shooting has been correlated with performance scores.
Objectives: This study was done to ascertain this and with an aim of real-time objective field assessment of training and perfor-
mance among Elite Indian archers.

Methods: The study was conducted in Indoor archery hall as per World Archery Association rules with Cross-sectional study design.
Seven volunteered male elite archers (mean age: 23.9 £ 3.00 years, mean experience: 8.5 = 2.35 years) shot 30 arrows each (n = 210)
with simultaneous recording of heart rate, score and shooting action. Release frames were identified by slow motion analysis. Heart
rate values during release (0 s), every second for 5 seconds before and after the release of arrow were noted and analyzed. One-way
ANOVA test was employed. Level of significance was set at P < 0.05.

Results: One-way ANOVA of heart rate values at all 11 time-points between the three scores 8,9 and 10 showed significant differences
from -5 s to -1 s with heart rate values at score 8 being significantly higher (P < 0.05). Heart rate decreased significantly from -5 s to
+1sand increased further.

Conclusions: Heart rate deceleration was found in aiming and release phases of shooting. The elicited change in trend of the heart
rate values can be used as a field-tool for training archers. Future studies on novice archers would help us understand the change

in trend with training and experience in the sports.
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1. Background

Archery requires high level of mental concentration,
precision and accuracy (1). Performance in archery is des-
ignated based on the skill of the archer to score maximum
points repeatedly (2). Heart rate response during different
phases namely drawing the bow, aiming and releasing the
arrow has been studied in elite archers (3, 4). Archery re-
quires the interaction of psychological factors, physiologi-
cal measures and motor performance. Arousal is one of the
most important among the psychological variables which
influence the motor performance and, more importantly,
precision (5). In sports that require both accuracy and pre-
cision, the high level of arousal due to anxiety and fear can
negatively decrease the performance of the participants (3,
6).

Elite archers were found to be relaxed with highest
level of attention during shooting similar to elite rifle
shooters (7, 8). This performance within the sport is at-
tained by maintaining a balance between parasympathetic

and sympathetic activity (4, 9). Heart rate measurement,
one of the most commonly used physiological measures
in both laboratory as well as field, to assess and correlate
with performance, offers insights into the interaction of
activity with attention processes (2, 3, 6) and has been re-
ported that with an effectively focused attentional process,
the athlete maintained a deceleration in heart rate just be-
fore execution of the motor response (1, 6).

Heart-rate deceleration could be considered a sign
of good performance and have important implications
for assessment of autonomic nervous system modula-
tion, attention and concentration learning, monitoring
of training adaptation and mental training including
selfregulatory interventions such as biofeedback and
relaxation-energizing techniques (10-12). Studies have
found inverse relationship between heart rate decelera-
tion and performance scores in experienced archers as well
as lower arrow scores in non-elite experienced archers (1, 3,
6).
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Limited studies have been conducted among elite In-
dian archers. It is also known that the heart rate response
varies with race and ethnic differences (13). Moreover, most
of the studies in archers have utilized either pre-shot heart
rate (one value) alone for correlating with performance
scoring with the help of simple equipment (3, 14) or have
assessed at time points of pre- performance routine phase
of shooting using sophisticated equipment either raising
the training cost or hindering the shooting technique (1,
6). Assessment of training adaptation and performance of
an athlete is a basic necessity for a coach to plan the train-
ing strategy.

2. Objectives

This study aimed to carry out indoor field measure-
ment of the elite Indian archers’ heart rate during shoot-
ing activity in a sports institute using commonly used
heart rate monitor and was correlated with performance.

3. Methods

3.1. Ethics

Informed consent was obtained from each participant
and the study protocol was designed following ethical
standards of research abiding the Helsinki Declaration and
Ethical Standards in Exercise and Sports Sciences Research
by Harriss and Atkinson (15). After obtaining approval of
the Institutional Ethical Committee, the study was con-
ducted in the indoor archery hall.

3.2. Study Design

To measure the heart rate during shooting and corre-
lation of shooting performance in Indian archers, we used
a cross sectional observational study design among volun-
teered elite archers who had participated in International
Archery Tournaments as part of the National Team or se-
lected by the Indian Archery Federation (16).

3.3. Materials

Seven male elite archers (04 compound archers and 03
recurve archers) of the Sports Institute volunteered for the
study. Their mean age was 23.89 £ 3 years and mean sports
experience was 8.45 * 2.35 years. Basic anthropometric
and sports profile of the participants is shown in Table
1. All participants were involved in active sports training
and were free of any illnesses and not consuming medica-
tions during the study. All participants were in the prepara-
tory phase of sports training and performed when no au-
diences or coaching staff were present with the outcome
of the study having no consequence in their sports career.

All the participants were instructed not to consume foods
or beverages such as tea, coffee or energy drinks before the
study. They were also instructed not to involve in vigorous
sports activity on the day prior to the conduct of the study
and to sleep at least for 8 hours on the night prior. Par-
ticipants used their standard personal archery equipment
that were used for sports training.

Essential and easily available sport equipment in the
field like a heart rate monitor, camcorder and a free slow
motion analysis software were used to record the heart
rate, score and time points during shooting. The shoot-
ing conditions, venue, timing, protocol, environment and
the observer were maintained same for all the participants.
All the participants were given practice sessions with heart
rate chest belt worn for familiarization.

3.4. Analysis

To meet the aim of measuring the heart rate pattern
during the entire key phases of shooting namely aiming,
release and follow though rather than pre-shot routine, we
had included 05 seconds before and 05 seconds after arrow
release as usually shooting an arrow varies between 05- 08
seconds with varying skill of the archer (2). All the archers
shot 30 arrows each from a distance of 18 m on to the pre-
scribed target face as per the World Archery Association In-
door Archery rules in a standard indoor archery hall un-
der comfortable temperature and humidity (Figure 1). The
study involved recording of the arrow shooting and simul-
taneously recording heart rate using validated Polar V800
heartrate monitor (Polar Electro Oy, Kempele, Finland)(17).
A Sony HD camcorder (HDR- PJ670, Sony Electronics, San
Diego, CA, USA) set at 50 frames per second was used to
record the shooting activity. As shown in Figure 2, the video
recorded frame included both the arrow shooting posture
of the archer and the heart rate monitor (watch) display-
ing the heart rate that was being recorded real-time.

In a single day only one archer underwent the study
and was conducted within the same time interval on all
days. All archers underwent standardized fifteen min-
utes of warm up session including target practice with the
chest belt affixed after the anthropometric and sports pro-
file recording. Each archer shot 30 arrows in 10 ends con-
taining three arrows each, thereby constituting a sample
size of 210 arrows (n =210). Each end was to be shot within
aperiod of 2 minutes as per the World Archery rules which
was timed and monitored by the observer (18). The score
made by the arrow that was shot on to the target face was
also recorded as numerical values from 1 to 10 as per stan-
dard archery rules by the observer.

Slow motion analysis was done using a free mo-
tion analysis software (version 0.8.15; Kinovea association,
Paris, France)and time points frames were identified based
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Table 1. Anthropometric Profile of Elite Archers®

Archery Event

Profile All Archers (N=7)

Compound(N=4)  Recurve (N=3)
Age,y 24.7+3.66 22.9 £2.07 23.9 £3.00
Experience,y 72+£151 102 +230 85+235
Height, cm 166.0 & 4.00 172.0 £ 7.00 168.0 = 6.00
Body mass, kg 68.0 & 4.00 70.0 +10.00 69.0 % 6.00
Body mass index, kg/m” 24.8+121 23.7 £ 1.40 243£133
Body fat, % 12.4 140 1.0 +1.90 19 +17
Lean body mass, % 87.4 +1.40 89.0 £1.90 881417
Waist-to-hip ratio 0.89 £ .02 0.86 £ .05 0.88 + 0.04

Values are expressed as mean = SD.

18m TARGET

EQUIPMENT LINE

SHOOTING DIRECTION

-
=l

SHOOTING LINE

Figure 1. Schematic design of the shooting activity in the indoor archery hall as per World Archery Association rules

Figure 2. Video recording both shooting and heart rate value in the same frame

on the release of the arrow. The time points identified were
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every second for 05 seconds before release, release of arrow
and every second for 05 seconds after release, thus com-
prising a total of 11 time points and named -5 s,-4 5,-3 5,-2 s,
-15,05,+18,+2s,+3s,+4 s and +5 s respectively. Each iden-
tified frame had the recorded heart rate at that particular
point of time displayed in the same frame (Figure 2). This
heart rate value was noted from every frame for the corre-
sponding time points for every arrow shot. The outcome
measures were mean heart rate values at these time points
i.e. before, during and after shooting of arrow and the cor-
responding mean performance scores.

3.5. Statistical Analysis

Kolmogorov Smirnov test and Levene’s test were used
to test normality of continuous variables and homogene-
ity of variances respectively. One-way ANOVA was used to
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test the differences in mean values of heart rates at all
11 time points and archery scores 8, 9 and 10. Kruskal-
Wallis test was used for comparing mean heart rates at
time points +2 s and +3 s between three different scores as
they were not normally distributed. Tukey’s HSD test was
used for post hoc analysis to test the difference in heart
rates among the three scores. Repeated measures ANOVA
was used to test the change in mean heart rates. Ninty five
per cent confidence intervals (95% CI) were calculated. Sta-
tistical significance was set at P < 0.05. All statistical ana-
lyzes were done in SPSS version 20.0.

4. Results

This study involved elite archers of both compound
and recurve events. There was no significant difference in
the anthropometric and sports profile of archers based on
thearcheryevent (P> 0.05). As all were elite archers, out of
the total of 210 arrows shot, the lowest score recorded was
8 and was recorded only 07 times. Score 9 was recorded 86
times and score 10 was recorded maximum, namely 117 out
of 210 arrows shot. Among the archery scores of 8, 9, and
10, the mean heart rate of all the 11 time points was highest
for score 8 when compared with the other scores namely 9
and 10. Between scores 9 and 10, the mean heart rate varied
by1bpm at each of the 11 time points. The score-wise mean
heart rate values during shooting is shown in Figure 3.

The mean values of heart rates of at least two archery
scores showed statistically significant difference from -5 s
to -1 s between score 8 and 9 as well as score 8 and 10 but
no significant difference between the heart rates for score
9 and 10 as shown in Table 2. Repeated measures ANOVA
used to test the change in the heartrate values at the 11 time
points with respect to the arrow release showed significant
time effect i.e. heart rate changes significantlyat-5sto+1s
time release of arrow [Wilks Lambda A =0.195, F(10,200) =
82.64, P < 0.0001, effect size 7* = 0.805]. Further pair wise
comparisons showed that there was significant decrease in
the mean heartrates from-5sto+1s(P< 0.0001)and then
it increased till +5 s which was not statistically significant
(data not shown).

5. Discussion

The aim of this study was to observe this complex as-
sociation of adaptive training response using a single vari-
able. Hence heart rate values during the shooting pro-
cess in the field was measured and correlated with per-
formance score which is considered the final outcome of
training.

5.1. Heart Rate Pattern

The pattern of heart rate deceleration alone during
release without considering the corresponding score fol-
lowed similar pattern demonstrated in archers by various
researchers. The mean heartrate values significantly decel-
erated from -5 s to +1 s and started increasing further till +5
s (Figure 3). This pattern of deceleration signifies that the
heart rate started decelerating during the aim phase i.e. -
5 s and continued to decelerate till release (0 s) and +1 s
i.e. the pre-shot routine phase and onset of follow through
phase. This deceleration pattern was largely attributed to
the attentional process as hypothesized by Lacey’s intake
rejection hypothesis (19). According to Lacey’s hypothe-
sis, as the attention focus shifts from internal narrow to
external narrow focus, the individual moves into a well-
practiced learned automatic motor performance routine
during which arithmetic calculation is at its least result-
ing in deceleration in heart rate. This external narrow
spectrum also involves the follow through or the quiet
eye period (20-22). Hence the deceleration persists till +1
second after the release. Another probable hypothesis is
alsoattributed to a specificbreathing pattern wherein elite
trained athlete hold the breath for the duration just prior
to release, which might be the reason for decrease in ve-
nous return and hence a deceleration of the heart rate val-
ues during the process (1).

5.2. Score-Wise Analysis of the Heart Rate Values

Performance scores and heart rate correlation showed
that there was significant variation in the deceleration pat-
tern between score 8 and 9 and score 8 and 10 (Figure 3).
This variation was significantly different between -5 s to -
1s i.e. during the aiming phase. This finding clearly ex-
hibits the pattern of deceleration with respect to the per-
formance demonstrated by various researches in archers
(1,3, 6). As the performance score increases, the decelera-
tion pattern is more i.e. the heart rate decreases showing
an inverse relation and vice versa.

However, in this study, there was no significant differ-
ence in the pattern of deceleration between score 9 and
10. Also, the heart rate deceleration of score 10 was higher
compared to score 9. Similar findings have been recorded
by Vrbik et al. (1) where-in the expert archers had higher
heart rate when the score was maximum. The authors in
that study have argued that the finding was seen in expert
archers but not in elite archers. In this study, the archers
who participated were elite, but still the reason for the
higher heart rate values during maximum score requires
further study comparing with novice as well as expert but
non-elite archers.

Although not statistically significant, the deceleration
pattern of heart rate values at score 8 (Figure 3) reached
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Figure 3. Archery score wise mean heart rate in elite archers

Table 2. Score-Wise Mean Heart Rate Values During Shooting- Post Hoc Analysis

Arrow Release Time, s Archery Scores Mean Difference in Heart Rates (95% PValue
m ) a-n
8 9 8.5(0.86,16.22) 0.025
-5 10 7.4(-0.24,14.96) 0.060
9 10 1.2(3.95,1.60) 0.576
8 9 8.5(0.98,16.08) 0.022
4 10 7.5(0.05,15.00) 0.048
9 10 1.0 (-3.74,1.72) 0.657
8 9 83(0.79,15.70) 0.026
3 10 7.4(0.06,14.82) 0.048
9 10 -0.8(3.50,1.89) 0.760
8 9 8.5(1.03,15.86) 0.021
2 10 7.8(0.41,15.10) 0.036
9 10 -0.7(-337,1.99) 0.815
8 9 83(0.81,15.80) 0.026
1 10 7.6(0.17,15.02) 0.044
9 10 -0.7(3.42,2.00) 0.810

the minimum at +2 s and lasted till +3 s following which
there was a rise. In case of both scores 9 and 10, the de-
celeration pattern reached minimum at +2 s as in score 8
but lasted till +4 s compared to +3 s in score 8. A similar
prolonged stage of maintenance of a quiet eye period in
visual focus during follow through phase of these aiming
sports has been noted and has been attributed to develop-
ment of skill of aiming to maintain visual focus even after
the release during the follow through phase. In these stud-
ies, it was observed that longer the quiet eye period better
is the motor performance (20, 21). Similarly, it is hypoth-

Int ] Sport Stud HIth. 2020; 3(1):e99687.

esized that longer the maintenance of minimum deceler-
ated heartrate values in the post release follow through pe-
riod better the performance in addition to the deceleration
per se. The reason might be a smooth and swift complex
interaction of the attentional, visual, physical and psycho-
logical process in elite archers for a longer period of time
during the peak performance.

5.3. Conclusions

Heart rate deceleration pattern assessment in field by
the coach has practical applications in performance en-
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hancement. The pattern of heart rate values during shoot-
ing process gives insight into the adaptive process devel-
oped by the athlete over the years of training not only phys-
ically but also psychologically. Such a field study helps in
providing real time inputs to the athlete, coach and sports
scientists. This study only involves elite Indian archers con-
firming the established pattern of heart rate values pat-
tern in elite archers, thus giving a direction for carrying
out performance enhancing research in this field. The lim-
itation of not comparing with non-elite archers’ paves way
for future consideration in this field. Also, research involv-
ing measurement of variables of motor, respiratory, visual
and psychological systems simultaneously may aid in un-
derstanding the phenomenon of deceleration of heartrate
values during shooting process holistically.
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