Int. j. racket sports sci. vol. 3(1), 2021, 45-55. eISSN: 2695-4508
Original article DOI: 10.30827/

Placement of inertial measurement units in Racket Sports:
Perceptions of coaches for IMU use during training and
competition.

Colocacion de unidades de medicion inercial en los deportes de
raqueta: percepciones de los entrenadores sobre el uso de IMU
durante el entrenamiento y la competencia.

Matthew James Wylde “"?*; Nur Adilah Masismadi®?; Low Chee Yong'; Andrew James
Callaway?; Jonathan Mark Williams?

1 National Youth Sports Institute, Singapore.

2 Bournemouth University, Department of Rehabilitation and Sport Sciences, Bournemouth, United
Kingdom.

3 La Trobe University, College of Science, Health and Engineering, Melbourne, Australia.

Received: 16-03-2021
Accepted: 26-08-2021

Abstract

While inertial measurement units (IMU) have become an integral part of sports performance analysis, upper
body-mounted IMUs have been found to exhibit poor reliability in measuring lower-limb loading. In racket sports,
IMUs have been placed in a number of positions on the upper body, lower body and racket in a research setting.
A potential limitation to the concurrent use of multiple IMUs is that coaches may be reluctant to allow their
athletes to wear the units during training and competition due to concerns that the units would interfere with
athlete movement. This study seeks to understand the perceptions of racket sports coaches towards the use of
IMUs in training and competition. A total of 58 racket sport coaches responded to a survey on the use of IMUs
during training and competition. Based on the responses, 96.6% (56 out of 58) of coaches indicated that they
would allow their athletes to wear IMUs in training, while 65.5% (38 out of 58) would allow their athletes to wear
IMUs during competition. For use in training, 9 of the 14 suggested IMU placements received significant positive
responses. However, none of the suggested IMU placements received significant positive responses for use during
competition and 11 of the 14 received significant negative responses. This suggests that coaches understand the
benefits of collecting data from IMUs during competition there remains concern regarding inconvenience to the
athlete, lack of comfort, and appearance. Despite this, for use in training, a number of upper and lower body-
mounted IMUs placements have the potential to be part of regular monitoring in racket sports.

Keywords: badminton, table tennis, tennis, squash, Inertial Measurement Units.
Resumen

Aunque las unidades de medicion inercial (IMU, por su sigla en inglés) se han convertido en una parte integral
del analisis del rendimiento deportivo, se ha descubierto que las IMU colocadas en la parte superior del cuerpo
presentan poca fiabilidad en cuanto a la medicion de la carga de las extremidades inferiores. En los deportes
de raqueta, las IMU se han puesto en varias posiciones en la parte superior del cuerpo, la parte inferior y la
raqueta en un entorno de investigacion. Una posible limitacion para el uso simultaneo de maltiples IMU es que
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los entrenadores pueden ser reacios a permitir que sus atletas lleven las unidades durante el entrenamiento
y la competencia debido a la preocupacion de que las unidades interfieran con el movimiento del atleta. Este
estudio pretende conocer las percepciones de los entrenadores de deportes de raqueta frente al uso de las IMU
en el entrenamiento y la competencia. Un total de 58 entrenadores de deportes de raqueta respondieron una
encuesta sobre el uso de las IMU durante el entrenamiento y la competencia. A partir de las respuestas, el 96,6
% (56 de 58) de los entrenadores indico que permitirian a sus atletas llevar las IMU en el entrenamiento, mientras
que el 65,5 % (38 de 58) permitiria a sus atletas llevar las IMU durante la competencia. Para su uso durante el
entrenamiento, 9 de las 14 colocaciones de IMU sugeridas recibieron respuestas positivas significativas. Sin
embargo, ninguna de las ubicaciones de IMU sugeridas recibio respuestas positivas significativas para su uso
durante la competencia, y 11 de las 14 recibieron respuestas negativas significativas. Esto sugiere que, si bien
los entrenadores entienden los beneficios de la recopilacion de datos de las IMU durante la competencia, sigue
habiendo preocupaciones respecto a inconvenientes para el atleta, falta de comodidad y apariencia. A pesar de
esto, para su uso durante el entrenamiento, varias colocaciones de IMU puestas en la parte superior e inferior
del cuerpo tienen el potencial de ser parte de un monitoreo regular en los deportes de raqueta.

Palabras clave: badminton, tenis de mesa, tenis, squash, Unidades de Medicion Inercial .

Introduction has been used across a range of team sports (Fox
et al., 2018) and has since been applied in racket

) The use of micro-technology has becqme an sports, including Badminton (Abdullahi et al., 2019)
integral part of sports performance analysis, with 54 Tennis (Galé-Ansodi et al, 2016). Outside of

the majority of the commercially-available micro- training load monitoring, peak accelerations from
teghnology units containing inertial measurement upper body-mounted IMUs have been used to assess
units (.IMUS) (Chambers et al., 2015). IMUs normally injury risk in athlete populations. For example, in
comprise three gyroscopes, three acceleromgters a study of Cricket fast bowlers, faster time to peak
and magnetometers, providing rate of turn, linear accelerations were found to differentiate between

acceleration. and.magnetic field data respectiv_ely athletes with and without lower back pain (Senington
but also orientation calculated based on a fusion et al., 2020)

of these signals (Baca et al., 2009). IMUs are light,
portable, inexpensive, easy to set up and allow However, upper body-mounted IMUs have been
for rapid evaluation of a large number of athletes ~ shown to exhibit poor reliability and poor validity
(Picerno et al., 2011). IMUs allow athletes to perform  whencompared to motion analysisand force platform
normal movements with little encumbrances in  data (Edwards et al., 2019). As upper body-mounted
their normal training environment rather than  IMUs are positioned further away from the point of
in a sports science or biomechanics laboratory ~ ground contact, the impact forces are dissipated
(Zok, 2014). IMUs also provide a means to obtain through the joints and body tissues between the foot
movement data for indoor, court-based sports. The and the IMU, resulting in a loss of validity (Glassbrook
use of IMUs avoid many of the limitations of video- et al., 2020b). In Badminton, Player Load and relative
based time-motion analysis, such as challenges with ~ distance derived from an upper body-mounted IMU
line of sight, inconsistent inter-operator reliability =~ only correlated to the heart-rate measures at the
(Barris & Button, 2008), time consuming marking High Intensity zone and not for the Low or Medium
up of individuals and labour-intensiveness of data  Intensity zones, with the latter showing a negative
collection (Dobson & Keogh, 2007); and GPS which correlation in both cases (Abdullahi et al., 2019). The
has limitations of accurately assessing movement  overall high work density observed in Badminton
in court-based sports (Duffield et al., 2010) and an ~ compared to field-based sports makes it difficult
inability to be used in an outdoor setting without  to observe clear differences in the Low and Medium
sufficient satellite coverage (Dellaserra et al., 2014).  Intensity zones. In a separate study, a low correlation
Therefore, it is possible that IMUs could offer a  was found between player load data obtained from
significant advantage for the collection of data  anupper body-mounted IMU and differential ratings

associated with indoor court based movement. of perceived exertion (RPE) at the lower limbs
(Wylde et al., 2019). Therefore, the consideration as

to whether the upper body is the ideal location for
IMU placement depends on a critical understanding
of what information can be obtained from a specific
sensor location.

Playerloadisacommonly measured metricinsport
athletes as a method to quantify training and match
play. Catapult Innovations (Melbourne, Australia)
developed the modified vector magnitude parameter
called “Player Load” by integrating accumulated data
from triaxial accelerometers within the MinimaxX IMUs worn directly on the lower limb (tibia)
(Catapult Innovations. Scoresby, Victoria, Australia) ~ and shoes have been utilised in Rugby League to
units (Boyd et al., 2011). The Player Load calculation =~ measure accelerations during sprinting (Glassbrook
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et al., 2020a) and to assess lower limb asymmetry
(Glassbrook et al., 2020b). IMUs worn on the
lower limbs are therefore able to measure forces
more directly than units mounted on the upper
body (Glassbrook et al., 2020a). In addition, tibia
mounted IMUs have been found to provide good
to excellent reliability for measurement of impact
loading and step count during Football (Soccer)
specific acceleration-deceleration, plant and cut
and change of direction tasks (Burland et al., 2021).

Lower limb mounted IMUs may therefore
provide a more direct measure of the forces and
loads acting on the lower limbs in racket sports,
which may have potential implications for injury
management. In a study of elite Badminton players,
lower limb injuries accounted for 43% of all injuries
sustained over a 1-year period (Yung et al., 2007). In
a separate study, 64% of injuries recorded in youth

Badminton players were soft-tissue sprains and
strains with knee injuries being the most common,
accounting for 42% of injuries to the lower limbs
(Goh et al., 2013). Therefore, monitoring specific
anatomical regions of the body during sports like
Badminton may offer anatomically focussed force
and load information which could hold insights into
injury prediction and rehabilitation targets.

Within racket sports (such as Badminton,
Table Tennis and Tennis), IMUs have been utilised
to quantify both lower body and upper body
movements and assess forces and loads during
training and competition. This has included the
concurrent use of multiple IMUs and positioning of
the IMUs at the wrist, ankle, lower leg, lower arm,
upper arm, racket handle, racket head, upper back
and lower back (see Table 1).

Table 1.

Placement of IMU in Racket Sports.
Sport Wrist Lower Hand Lower Upper Racket Racket Upper Lower Reference

Leg Arm Arm Handle Head Back Back

Badminton * Abdullahi et al., 2019
Badminton * Anik et al., 2016
Badminton * Kiang et al., 2009
Badminton * * * * Shan, Ming et al., 2015
Badminton * * Shan, Sen et al,, 2015
Badminton * Dieu et al., 2014
Badminton * Jacob et al., 2016
Badminton * Koon et al.,, 2005
Badminton * Raina et al., 2017
Badminton * * * * Rusydi et al., 2015
Badminton * Sasaki et al., 2018
Badminton * Taha et al., 2016
Badminton * * Wang et al., 2016
Badminton * Wylde et al., 2019
Badminton * Yu and Zhao, 2013
Table Tennis * * * * Bankosz & Winiarski, 2020
Table Tennis * Blank et al., 2015
Table Tennis * Boyer et al., 2013
Table Tennis * Guo et al,, 2010
Tennis * * Ahmadi et al., 2009
Tennis * Connaghan et al., 2011
Tennis * Galé-Ansodi et al., 2016
Tennis * Kos et al., 2016
Tennis * Whiteside et al., 2017
Tennis & * Anand et al 2017
Badminton

47



Int. j. racket sports sci. vol. 3(1), 2021, 45-55. eISSN: 2695-4508

Wylde, et al.

Whilst sensor placement will be important and
related to the area under investigation, the use of
multiple IMUs could allow for some redundancy in
the data collection. However, a potential limitation
to the concurrent use of multiple IMUs is that
coaches may be reluctant to allow their athletes to
wear IMU units during training and competition. As
collaboration between sport scientists and coaches
is instrumental for the success of performance
analysis systems (Hughes & Bartlett, 2002), a
nuanced and symbiotic relationship between
the sport scientist and the coach is required
when planning data collection and developing
performance analysis outputs (Bampouras et
al., 2012). It is therefore important to consider
the perception of coaches towards the specific
technology when assessing the potential use of
multiple IMUs for performance analysis and/or load
monitoring.

Todatethereisalackofresearchpertainingtothe
acceptance by coaches towards the use of wearable
technology. In one of the few published studies
in this area, 113 strength and conditioning (S&C)
coaches and athletic trainers (AT) working within the
National Collegiate Athletic Association (NCAA) and
professional sport were surveyed on their opinions
towards the use of wearable technologies (Luczak
et al., 2020). In the pilot study of 25 S&C coaches
and ATs, it was found that 76% reported a negative
response to the use of wearable technologies,
citing that wearables were not measuring what the
practitioners needed and highlighting a significant
lack of trust with existing wearables solutions.
In the full study of 113 S&C coaches and ATs, 73%
reported frustrations with wearable technologies
due to inaccurate data, lack of meaningful
recommendations and challenges in getting the
technology to work consistently. Respondents
also highlighted that athletes were reluctant to
use wearable technologies due to the perceived
lack of comfort, inconvenience, appearance and
concerns that they are being tracked. To quote one
coach, “wearables are fool's gold” (Luczak et al.,
2020). This study highlights that regardless of the
reliability and validity of wearable technologies,
a lack of coach acceptance can negatively impact
the use and adherence from athletes. Furthermore,
this study was with a group of S&C coaches and ATs,
who are potentially more accustomed to the use of
wearable technology, meaning that the concerns
raised could be amplified further when applied to
sport specific coaches. Within this context, this
study seeks to understand the perceptions of racket
sports coaches towards the use of IMUs in racket
sports training and competition.

Materials and methods

A sample of
approached to

coaches
online

racket
complete

sport
an

was
survey
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relating to their perception of the use of IMUs in
training and competition. Participants selected
were those who indicated their primary job role
(source of income) as a coach in either Badminton,
Squash, Table Tennis or Tennis in their profile on
the professional networking platform LinkedIn
(LinkedIn Corporation, Mountain View, California,
USA). Responses to blind surveys of coaches have
been found to be low, for example 24.2% in a study
of youth soccer coaches (Mawson et al., 2018), while
quantitative surveys of coaches’ perceptions have
been published with a sample of 46 respondents
(Wright et al., 2012). Therefore, a desired minimal
sample size of 46 respondents was set for this
study, with a larger pool of 140 coaches contacted
and a response window set at 6 months.

Participants

A total of 140 coaches were contacted to
complete the survey of which 41.4% (58) responded.
Of the respondents, 44.8% (26) were Badminton
coaches, 27.6% (16) were Table Tennis coaches,
18.9% (11) were Squash coaches, and 8.6% (5) were
Tennis coaches. Of the respondents, 55.2% (32)
classified themselves as coaching at an elite level,
while 44.8% (26) classified themselves as coaching
at a sub-elite level (either school, club or youth
development). The respondents were from a total
of 19 countries with Singapore (32.8%; 19) and
the United Kingdom (13.8%; 8) having the highest
number of respondents.

Procedure

The purpose of the survey was to ascertain the
coaches’ perspectives on the use of IMUs in training
and competition. The key themes of the questions
were as follows, with the full survey outlined in
Table 2.

Demographic information: Participants were
asked which sport they coached, the level at which
they coached (elite, youth, club or school) and the
country in which they resided.

Use of IMUs: IMUs shape, size and use were
described and participants were asked if they would
allow their athletes to wear IMUs in training and/
or competition and, if yes, how many units they
would allow their athletes to wear in training and
competition respectively.

Placement of IMUs: Participants were asked if
they would allow their athletes to wear IMUs at
various locations on the body during training and/or
competition. The suggested placements of the IMUs
were based on the current literature, as highlighted
in Table 1, with the addition of placement on the
lower limbs and shoes (Glassbrook et al., 2020a;
Burland et al., 2021), given the potential benefit of
these approaches in a racket sport context.
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Table 2.

Survey of Racket Sport Coaches on the use of Wearable Sensors during Training and Competition.

Questions

Response Options

Are you 21 years or above?

Do you consent to your anonymous response being used in this study?
(Note: Due to the anonymous nature of the survey, it will not be
possible to delete your response once submitted.)

What sport do you coach?

What level do you coach?

In which country do you reside?

Would you be willing for your athlete to wear a sensor during training?

Would you be willing for your athlete to wear a sensor during
competition?

What is maximum number of sensors you would be comfortable with
your athlete wearing during training?

What is maximum number of sensors you would be comfortable with
your athlete wearing during competition?

Would you willing for your athlete to wear a senor placed on the upper
back?

Would you willing for your athlete to wear a senor placed on the lower
back?

Would you willing for your athlete to wear a senor placed on the wrist
(dominant)?

Would you willing for your athlete to wear a senor placed on the wrist
(non-dominant)?

Would you willing for your athlete to wear a senor placed on the hand
(dominant)?

Would you willing for your athlete to wear a senor placed on the hand
(non-dominant)?

Would you willing for your athlete to wear a senor placed on the lower
arm (dominant)?

Would you willing for your athlete to wear a senor placed on the lower
arm (non-dominant)?

Would you willing for your athlete to wear a senor placed on the upper
arm (dominant)?

Would you willing for your athlete to wear a senor placed on the upper
arm (non-dominant)?

Yes
No (if “No” then please do not continue with the
survey)

Yes
No

Badminton
Squash
Table Tennis
Tennis
Other

Elite

Youth Development
Club

School

Free Text

Yes
No

Yes
No

Free Text
Free Text

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No
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Table 2.

Survey of Racket Sport Coaches on the use of Wearable Sensors during Training and Competition (Continuation).

Would you willing for your athlete to wear a senor placed on the lower

leg?

Would you willing for your athlete to wear a senor placed on the shoe?

Would you willing for your athlete to wear a senor placed on the racket

handle?

Would you willing for your athlete to wear a senor placed on the racket

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training
Yes, in Competition
No

Yes, in Training

head? Yes, in Competition
No
Analysis competition, coaches were significantly less likely

The anonymous online survey was created
via Google Forms (Google LLC, Mountain View,
California, USA). The responses were downloaded as
a Microsoft Excel (Microsoft Corporation, Redmond,
Washington, USA) file and exported into R (The R
Foundation, Vienna, Austria) for processing and
analysis. Given the categorical nature of the data, P
values were calculated using the Chi-Squared test
with alpha set at 0.05.

Results

Of the 58 racket sports coaches who completed
the survey, a significant proportion, 96.6% (56),
indicated that they would allow their athletes to
wear IMUs in training (see Table 3). Overall, the
median number of units that the coaches would
allow their athletes to wear during training was two.
Of the coaches who responded, 65.5% (38 out of
58) would allow their athletes to wear IMUs during
competition. The median number of units that the
coaches would allow their athletes to wear during
competition was one.

Table 3.
Racket Sport Coaches Responses to the Use of IMUs and Number
of Units in Training and Competition (* Significance of p<0.05).

Training Competition

No Yes Pvalue Median No Yes Pvalue Median

2 56 <0.001* 2 20 38 0.013 1

For use in training, coaches were significantly
more likely to agree to their athletes wearing
IMUs positioned on the Upper Back, Lower Back,
Dominant Wrist, Non-Dominant Wrist, Non-
Dominant Lower Arm, Dominant Upper Arm, Lower
Leg and Shoe (see Table 4). By contrast, for use in
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to agree to their athletes wearing IMUs positioned
onthe Lower Back, Dominant Wrist, Dominant Hand,
Non-Dominant Hand, Dominant Lower Arm, Non-
Dominant Lower Arm, Dominant Upper Arm, Lower
Leg, Racket Handle and Racket Head.

Discussion

The findings from this study demonstrate that
a significant majority (96.6%) of racket sports
coaches would allow their athletes to wear IMUs
during training. A non-significant majority (65.5%)
also indicated that they would allow their athletes
to wear IMUs during competition. The median
number of IMUs that the surveyed racket sports
coaches would allow their athletes to wear was two
during training and one during competition (see
Figure 1).

Despite the majority of coaches who responded
tothesurvey(65.5%)indicatingthattheywould allow
their athletes to wear IMUs during competition, this
was not reflected in the responses regarding the
positioning of the IMUs. In fact, only Non-Dominant
Wrist showed an overall positive response (51.7%),
while 11 of the proposed positions demonstrated
significant negative responses from the coaches.
Whilethe coaches mayhave understoodthe benefits
of data collected from wearable IMUs during
competition, such as the ability to provide real-
time feedback and reduced labour-intensiveness
compared to video analysis (Chambers et al,
2015), when it came to considering the placement
of IMUs at specific locations, concerns regarding
inconvenience to the athlete, lack of comfort,
and appearance may have become more apparent
(Luczak et al., 2020). While this trade-off may have
been deemed acceptable during training, it is clear
that in competition, the majority of racket sport
coaches were uncomfortable with allowing their
athletes to use IMUs.
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Table 4.
Racket Sport Coaches Responses to the Use of IMUs at Various Body and Equipment Positions in Training and Competition (* Significance
of p<0.05).
Training Competition
Placement No Yes P Value No Yes P Value
Upper Back 10 48 <0.001* 35 23 0.107
Lower Back 15 43 <0.001* 43 15 <0.001*
Dominant Wrist 17 41 0.001* 44 14 <0.001*
Non-Dominant Wrist 10 48 <0.001* 28 30 0.793
Dominant Hand 29 29 1.000 51 7 <0.001*
Non-Dominant Hand 25 33 0.289 43 15 <0.001*
Dominant Lower Arm 23 35 0.107 48 10 <0.001*
Non-Dominant Lower Arm 16 42 <0.001* 42 16 <0.001*
Dominant Upper Arm 21 37 0.029* 49 9 <0.001*
Non-Dominant Upper Arm 19 39 0.005* 43 15 <0.001*
Lower Leg 12 46 <0.001* 43 15 <0.001*
Shoe M 47 <0.001* 36 22 0.058
Racket Handle 25 33 0.289 48 10 <0.001*
Racket Head 31 27 0.599 49 9 <0.001*
25
20
(2]
()
= — e
(S}
S 15
O
Y— i
o
g 10
S
=}
=
5
) 1 m- W —_— I
Zero One Two Three Four Five Six Seven Eight Nine Ten

Number of IMUs

B Training [JCompetition

Figure 1. Maximum Number of IMUs Supported for Use During Training and Competition (Excluding Outliers Above 10 Units).

In a study of elite coaches’ perspectives towards
the use of technology, a number of potential
challenges to the implementation of technology
were identified (Jaswal, 2020). These included
lack of athlete acceptance (36%), lack of support/
acceptance from other coaches (27%) and concerns
around losing subjectivity given an over-reliance on
technology (27%). It is likely that these factors had
an influence on the racket coaches’ acceptance of
the use of wearable IMUs during competition. For
example, the perceived reluctance of an athlete
to use the IMUs during competition may reduce
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the coaches’ desire to adopt the technology. In
the same study, the need to witness the concrete
benefits and impact of technology was highlighted
as a major factor in the coaches’ decision to adopt a
technology (Jaswal, 2020). While the surveyed racket
sport coaches in the current study were informed
that “the use of sensors can provide insights on
the technical and tactical ability of the athletes”,
the lack of concrete evidence may have influenced
the coaches’ acceptance of the technology in the
perceived higher-stakes competition environments.
There is a perceived risk of wearing IMUs during
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competition, particularly as athletes may blame the
technology for a poor performance (Luczak et al.,
2020). Coaches would therefore require significant
evidence of the benefits of the technology to
performance, recovery orinjury management before
accepting this perceived risk during competition
(Jaswal, 2020). Future studies are required to
explore to what extent the adoption of wearable
technology impacts performance, thus providing
insights from which coaches and athletes can base
these decisions.

A model of the five stages in the innovation-
decision process (Rogers, 2003) highlights
knowledge and persuasion as being the first
two stages towards the decision to adopt a new
innovation. Within the persuasion stage, relative
advantage, compatibility, complexity, trial-ability
and observability were highlighted as perceived
characteristics of innovation. When applied to the
innovation-decision process in a sport context,
these factors may need to be addressed to persuade
coaches to adopt new technologies. For example,
an explanation of the potential advantages of
the wearable IMUs, coupled with a trial of the
technology may have resulted in a high acceptance
of use during competition. Giblin, Tor & Parrington
(2016) outlined a number of trade-offs between the
adoption of consumer-grade or “gold standard”
sport technologies that included cost, expertise
required to use the technology, and ease of which
coaches and/or athletes can understand the data.
These trade-offs also highlight key considerations
which should be addressed within the persuasion
stage when practitioners engage coaches regarding
the adoption of new technologies.

While there was limited support from the
surveyed racket sport coaches for the use of IMUs
in competition, the use of IMUs in a variety of
positions during training had significant positive
responses. The general support for the use of
IMUs during training, 96.6% of respondents, was
in contrast to the limited current literature, where
only 24% of respondents reported a positive
experience of wearable technologies (Luczak et
al., 2020). However, the response from the racket
sport coaches highlighted a median value of two
IMUs to be worn by the athletes during training. It
is therefore important that practitioners select the
placement of the IMUs carefully to ensure that the
data collected is meaningful and provide insights to
inform decision making.

The use of IMUs on the Non-Dominant Wrist and
Dominant Wrist had significant positive responses.
Wrist-worn IMUs have been found to be a reliable
and valid method for stroke recognition and the
assessment of movement within a controlled
setting with Badminton (Shan, Sen, Fai, & Ming,
2015; Rusydi et al., 2015; Taha et al., 2016; Wang et
al., 2016; Anand et al., 2017), Table Tennis (Guo et
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al., 2010) and Tennis (Ahmadi et al., 2009; Kos et al.,
2016; Anand et al 2017; Whiteside et al., 2017). As
wearable IMUs become smaller and less intrusive,
and given the coaches’ support for the use of IMUs
in this position, it is likely that the use of IMUs on
the wrist can become part of regular monitoring in
racket sports.

The use of IMUs worn on the Upper Back and
Lower Back in training also had significant positive
responses. The use of the IMUs worn on the upper
back is common across a range of sports (Chambers
et al., 2015) and has been used to assess player load
in racket sports (Dieu et al., 2014; Galé-Ansodi et al.,
2016; Sasaki et al., 2018; Abdullahi et al., 2019; Wylde
et al., 2019). However, in a study on Badminton, a
low correlation was found between loading data
obtained from an upper body-mounted IMU and
differential ratings of perceived exertion (RPE) at
the lower limbs (Wylde et al., 2019). This questions
the validity of upper back worn IMUs for the
measurement of playing intensity in Badminton. It
has been demonstrated that upper body-mounted
IMUs have limited accuracy when assessing lower
limb forces and loads due to the impact forces being
dissipated through the joints and body tissues
between the foot and the IMU (Glassbrook et al.,
2020b). A more direct measure of athlete loading
may therefore be required for racket sport athletes.

The use of IMUs worn at the Lower Leg and Shoes
in training had significant positive responses. Given
the high prevalence of lower limb injuries in racket
sports (Yung et al., 2007; Shariff et al., 2009; Goh
et al., 2013), the use of lower limb-mounted IMUs
may provide a more direct measure of lower limb
loading in racket sport athletes. In field based
sports, lower limb-mounted IMUs have been used
to measure accelerations (Glassbhrook et al., 2020a),
impact loading and step counts (Burland et al., 2021)
and to assess lower limb asymmetry (Glassbrook et
al., 2020b). Given that coaches support the use of
IMUs worn at the Lower Leg and Shoes in training, a
similar approach warrants further investigation as
a method for assessing lower limb loading in racket
sports athletes.

This study sought to address a gap in the current
literature as few published studies had sought to
understand the perceptions of coaches towards
the use of wearable technologies, such as IMUs.
Despite the evidence demonstrating the reliability
and validity of wearable technologies, the lack of
acceptance from coaches may negatively affect the
use of these technologies and the adherence of
athletes. It is therefore suggested the practitioners
put emphasis on understanding the perceptions of
coaches towards the use of wearable technologies,
as has been attempted in this study, and seek to
address concerns that coaches have in order to
enhance the desired symbiotic relationship between
sport scientist and coach.
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Limitations

The authorsacknowledge a number of limitations
to the current study. The sample size used in this
study was comparatively small and included a
mixture of coaches from various racket sports.
Further insights could potentially be gained from a
larger sample of sport specific coaches. In addition,
the perceptions of athletes were not included in
this study, which represents an additional area for
further study.

Conclusion

This study sought to assess the perception of
racket sport coaches on the use of IMUs during
training and competition. It was found that racket
sports coaches were supportive of the use of
IMUs during training. While coaches also indicated
support for the use of IMUs during competition, no
IMU placement was found to have a significantly
positive response. This suggests that while coaches
understand the benefits of collecting data from
IMUs during competition, there remains concerns
regarding inconvenience to the athlete, lack of
comfort, and appearance.

For use in training, IMUs positioned at the Upper
Back, Lower Back, Dominant Wrist, Non-Dominant
Wrist, Non-Dominant Lower Arm, Dominant Upper
Arm, Lower Leg and Shoe had significant positive
responses. Wrist-worn IMUs have been used for shot
detection and movement assessment, and have
the potential to be used as a regular monitoring
tool during training. While upper and lower back-
mounted IMUs are commonplace across a range
of sports, the distance between the IMU and the
foot-ground contact means that the position may
not be suitable for assessment of lower limb
loading. As the use of IMUs positioned at the Lower
Leg and Shoe had positive responses from racket
coaches, the use of lower limb-mounted IMUs for
load monitoring in racket sports warrants further
investigation.
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