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Abstract

Understanding and addressing the needs of diverse demographics is critical for creating sports products or technologies that
can enhance the enjoyment, safety, or performance for more inclusive populations. This perspective article has identified
opportunities for innovative sports engineering research by considering factors such as sex, socioeconomic background,
culture, religion, age, ethnicity, or neurodiversity when developing research studies. The importance of considering diverse
study populations, appropriate data collection methods, and ethical considerations to avoid biases is addressed and supported

by research.
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1 Introduction

Sports and physical activity should be accessible and inclu-
sive for all individuals to help promote and facilitate over-
all healthier populations. Sports engineering research has
made gains in fostering inclusivity for some demograph-
ics, such as advancements in prosthetics [1], sportswear for
wheelchair users [2] and wheelchair designs [3] tailored for
parasport participants. However, there is a scope to further
inclusivity across other demographics as highlighted in a
recent IMechE: Institute of Mechanical Engineers report
[4]. Considering diverse demographic factors such as, sex,
socioeconomic background, culture, religion, age, ethnicity,
and neurodiversity, which have often been underrepresented
in sports engineering research, presents an opportunity for
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generating innovative and novel research to be applied in
sport/physical activity and beyond.

Sports engineering research should seek to develop
products and technologies that address the diverse needs of
varying populations when it comes to enhancing the enjoy-
ment, safety or performance in sport and physical activity.
Guidance produced on how to achieve diversity, inclusion
and equity in clinical research shares many parallels to the
challenges and considerations for sports engineering [5].
As such, there is an opportunity to readdress and consider
research and data collection methods to promote inclusivity,
eliminate any potential biases and further the applicability
of the results to a wider demographic.

This perspective article will cover aspects relating to
conducting research with inclusive populations for sports
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engineering applications. The article aims to raise awareness
for engineers and researchers to potential biases and wider
ethical considerations in sampling, data collection methods
and measurement instrument choices when considering
submitting to the Sports Engineering journal or other jour-
nals. Published research will be used to highlight some of
these aspects, emphasizing the importance of interpreting
study findings within the context of the specific population
studied.

2 Study populations and sampling

A large proportion of sports engineering research requires
knowledge of users whether it is direct measurements of
users (e.g., biomechanics, perceptions) or establishing real-
world boundary conditions for the design or testing of new
equipment/technology via computer simulations or built
prototypes. Authors should, therefore, be critical of the
study populations they include, or have previously included
in studies, and how these could influence the interpretation
of results or be a limitation of the study. A lack of female
specific research has already been acknowledged in the field
of sport and exercise science, with a 2021 study highlighting
only 34% of participants were females, across 5261 included
studies, and less than 10% of the studies focussed only on
females [6]. This disparity could be even more pronounced
in certain sports. For instance, a systematic review of golf
biomechanics found that this disparity was higher (89% of
participants were male, 11% female) [7]. From January 2021
to February 2024, the Sports Engineering journal has pub-
lished 48 studies involving human participants, with 32%
including females (7% female only), 58% males and 10%
provided no further information. Many of these studies ana-
lyzed male and female data collectively, however, drawing
conclusions on a combined cohort could be problematic,
application specific and not readily applied to both sexes [8].
For example, Swaren and Fahlstedt [8] examined the impact
attenuation performance of ice hockey helmets for both male
and female teams after a hockey season. They observed that
the rules for female ice hockey teams do not permit deliber-
ate checking, which could result in different patterns and
locations of helmet damage compared to the male game.
This context enabled the authors to interpret their findings in
a more meaningful way. For female focussed research, there
is also a scope to further segment the population and con-
sider how the stage in a woman’s lifespan (e.g., menopause
or pregnancy) could influence aspects of sports engineering
research outcomes such as aspects relating to thermoregula-
tion [9] or female-specific products such as sports bras [10].

The interaction and adoption of products/technologies by
users is often of interest for sports engineering researchers.
To generalize results for different ages, races, or ethnicities
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could be problematic when experiences, culture, and religion
can influence study objectives and outcomes. When con-
sidering age, sporting equipment, apparel, and footwear for
children and adolescents should not be mere replicas of adult
counterparts. Instead, they should be carefully designed and
scaled to suit children's specific anthropometrics and devel-
opmental stages, as evidence indicates that these factors
impact their performance [11, 12].

The approval of religious head coverings in football, pro-
vided they meet medical standards, highlights the impor-
tance of considering religious needs in sports engineering
research to ensure proper development, testing, and valida-
tion of future products [13]. By utilizing purposeful diverse
sampling methods, Nield et al.’s [14] study on the perception
of three-dimensional surface imaging technology, a technol-
ogy readily used for sports engineering applications such
as compression garment development, revealed that partici-
pants from various genders, socioeconomic backgrounds,
ethnicities, and ages had differing emotional responses to the
technology. These differing responses might present measur-
ing challenges if the technology is adopted on a larger scale.

Non-probability sampling methods (defined as a sam-
pling method where not all the population have a known or
equal chance of being selected for the study) are common
in sports engineering research based on convenience sam-
pling but should acknowledge the challenges of recruiting
underrepresented populations. Typical statistical methods
are often based on either the power or precision of previous
studies which are subsequently reliant on participant num-
bers to determine the most suitable sample size [15]. While
determining appropriate sample sizes for underrepresented
population has received less attention, alternative sampling
methods like Bayesian adaptive sampling or big data sam-
pling, as used in clinical research, could be considered [16].
Alternatively, as Nakashima and Chida [17] acknowledge,
only having a single unilateral armed swimmer as a par-
ticipant reduces the generalizability of the results but it is
still important to consider as a case study example for the
innovative possibilities of sports engineering in solving solu-
tions for diverse populations [18, 19]. For smaller population
cohorts, authors could also consider alternative study design
methods such as single subject study designs [20].

3 Data collection methods
and measurement instruments

Many articles published in the Sports Engineering journal
involve the development of new technologies, products, or
measurement tools for users. The development and design
processes often require interaction with participants to
uncover their needs. However, care should be taken about
the approaches used when involving participants with
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cognitive impairments, such as autism, who could have dif-
ficulty processing information and whose needs may not cur-
rently be met in some sporting contexts [21]. Interviews or
questionnaires may be challenging for people with cognitive
impairments and may require additional support to take part
in studies [22] and should rely on person-centred language to
ensure it is non-stigmatising to the participant [23, 24]. Fol-
lowing best practice guidelines / resources from established
organisations for the groups they may be working with (e.g.,
disabled people) would be a suitable approach.

Differences in socio-cultural environments could also
change ways in which users interact or perceive technolo-
gies, for example the use of wheelchairs [25]. Other subtle
cultural differences could also be important to consider in
product prototype development, for example, the colour of
sports apparel, as in some cultures white clothing is associ-
ated with newness (e.g., marriage) but death in others (e.g.,
Japanese or Chinese culture) and would require adaptation
across cultures. Additional measures such as translating par-
ticipant recruitment materials, participant instructions, and
research outputs into a participant’s first language would
be beneficial, however, it is crucial to ensure content valid-
ity and maintain conceptual consistency across cultures, as
demonstrated in guidance for healthcare self-reported meas-
ures [26].

Conducting lab-based studies offers the benefit of con-
trolling extraneous factors. However, it is important to con-
sider accessibility and inclusivity when selecting research
methods. Physical barriers, such as mobility difficulties or
childcare/caring responsibilities, can prevent certain popula-
tions from participating in lab-based studies. To address this,
incorporating non-lab-based approaches can remove these
barriers and ensure the inclusion of diverse populations. For
example, with alternative data collection approaches such as
pop-up or temporary research sites, adopting citizen science
research approaches (defined as a process whereby scientists
and general population collaborate to capture data [27]) or
field-based data collection methods. Field based data collec-
tion, utilising wearable technologies, has gained popularity
in Sports Engineering in recent years, allowing data collec-
tion in real-world settings [28]. By embracing these tools,
researchers can access data from individuals who may face
challenges attending a physical lab. Additionally, engaging
with potential participants prior to study design can help
identify barriers and tailor research methods, accordingly,
ultimately improving participant retention and enhancing the
overall quality of the study. When engaging with partici-
pants before the study, it would be important to address only
critical study design aspects and avoid providing feedback or
influencing their responses to ensure unbiased participation
in future studies.

The use of artificial intelligence, computer vision, and
machine learning is also becoming more popular in sports

engineering research, but caution has been raised about
possible biases in their implementation [29]. When using
machine vision and artificial intelligence methods research-
ers should be cognisant of possible variations that may arise
due to the measurement technology itself and adjustments
to processing algorithms might be required. For instance,
when three-dimensional body scanning technologies uti-
lising computer vision algorithms were compared to gold
standard technologies (e.g., dual energy X-ray absorpti-
ometry), differences in body composition were discovered
when groups were segmented by ethnicity. These differences
required adjustments to the measurement algorithms [30].
Similarly, the pose estimation of individuals with missing
limbs and atypical movement patterns can be challenging
and may also require more complex algorithms [31].

4 Ethical considerations

Considering the type and terminology used to identify study
populations is often a key requirement in ethics applica-
tions for gaining approval to conduct studies with human
participants. The terminology used to define populations
should therefore be carefully considered such as identifying
participants’ gender or sex, race or ethnicity and how it is
reported. The International Organisation for Standardisation
(ISO) and the United Nations Human Rights, Office of the
High Commissioner both provide a comprehensive database
of terms and definitions which authors submitting to Sports
Engineering should consider accessing when determining
appropriate and consistent terminology [32, 33]. Similarly,
defining the eligibility criteria is a key requirement for ethics
applications which plays an important role in ensuring the
safety and protection of participants in studies. However,
exclusion criteria of participants (predominantly regarding
those with disability) require sufficient justification so as
not to be identified as a source of discrimination as has been
highlighted as a problem in clinical research [34]. There is
a tendency in research to only include “healthy” popula-
tions in sports studies and exclude people who are or may be
pregnant, have had previous surgery or had recent injuries.
Whilst this can protect the participants in some instances,
(i.e., experimenting something new which is deemed risky/
harmful such as new sport equipment), by excluding these
participants it also means that the findings cannot be applied
to these people who could also benefit from the products.

5 Conclusion

The Sports Engineering journal is committed to increasing

and promoting research for inclusive populations, to help

ensure the development of innovative sports products and
-
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Fig. 1 Key considerations for
promoting inclusivity in sports
engineering and technology
research
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technologies. This commitment is evidenced with the latest
call for papers to the topical collection “Inclusive Sports
Engineering and Technology Research”. This perspective
article intended to highlight ways to approach inclusive
research in sports engineering. For future authors submitting
manuscripts to the journal, a list of considerations based on
this article include, but are not limited to Fig. 1:

e  Where possible, and appropriate, actively seek to include
participants from varied backgrounds, including differ-
ent sexes, genders, ages, ethnicities, and abilities and
provide justification for their inclusion.

e Carry out preliminary investigations to identify poten-
tial barriers to participation, such as accessibility issues,
language differences, and technological proficiency and
implement support strategies or alternative data collec-
tion methods.

e Develop research questions and methodologies that
account for the diverse needs and perspectives of all
potential participants.
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e Establish ongoing feedback from participants and stake-
holders to continually refine and improve research prac-
tices.

By carefully considering these various aspects we can
promote inclusive research. This ensures that future sports
products, technologies, and services prioritise safety, per-
formance, and enjoyment for all participants in sport or
physical activity.

Declarations

Conflicts of interest Aimée Mears is Associate Editor of the Sports
Engineering journal. Tom Allen is Editor-in-Chief of the Sports En-
gineering journal. Elisabeth Williams, Pui Wah Kong and Kristina
Brubacher are all Editorial Board members of the Sports Engineering
journal and guest editors of a topical collection.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes



Towards inclusive sports engineering research: considerations of research methods

Page50f6 32

were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

Hase K, Togawa H, Kobayashi S, Obinata G (2020) Parametric
modelling of sports prostheses based on the flat spring design
formulas. J Biomech Sci Eng 15(1):19-00446

Braganga S, Castellucci I, Gill S, Matthias P, Carvalho M,
Arezes P (2018) Insights on the apparel needs and limitations
for athletes with disabilities: The design of wheelchair rugby
sports-wear. Appl Ergon 67:9-25

Burton M, Fuss FK, Subic A (2010) Sports wheelchair technolo-
gies. Sports Technol 3(3):154-167

Allen T, Nettleford C, Rooney M (2023) Sustainable, Inclusive,
Innovative: The Role of Engineering in Sport. IMechE Report.
https://www.imeche.org/policy-and-press/reports/detail/susta
inable-inclusive-innovative-the-role-of-engineering-in-sport
Accessed 15 Feb 2024.

Bierer BE, White S, Meloney L, Ahmed M, Strauss D, Clark
L (2021) Achieving diversity, inclusion, and equity in clinical
research guidance document version 1.2. The MRCT Center of
Brigham and Women’s Hospital and Harvard. https://mrctcenter.
org/diversity-in-clinical-research/download/2326/. Accessed 20
Mar 2024

Cowley ES, Olenick AA, McNulty KL, Ross EZ (2021) “Invis-
ible Sportswomen”: The sex data gap in sport and exercise sci-
ence research. Women Sport Phys Activ J 29(2):146-151
Bourgain M, Rouch P, Rouillon O, Thoreux P, Sauret C (2022)
Golf swing biomechanics: a systematic review and methodolog-
ical recommendations for kinematics. Sports 10(6):91. https://
doi.org/10.3390/sports10060091

Swarén M, Fahlstedt M (2023) How are the impact attenua-
tion properties of men’s and women’s helmets affected after one
season in professional ice hockey? Proc Inst Mech Eng Pt P J
Sports Eng Tech. https://doi.org/10.1177/17543371231213780
Filingeri D, Blount H, Valenza A (2024) Female thermal sensi-
tivity and behaviour across the lifespan: A unique journey. Exp
Physiol. https://doi.org/10.1113/EP091454

Wakefield-Scurr J, Jones M, Jones B, Whatling E, Mehta R
(2024) Hidden support for the lionesses: a breast/bra interven-
tion. Res Sports Med. https://doi.org/10.1080/15438627.2024.
2357761

Stanbridge K, Jones R, Mitchell S (2004) The effect of
shaft flexibility on junior golfers’ performance. J Sports Sci
22:457-464

Buszard T, Garofolini A, Reid M, Farrow D, Oppici L, White-
side D (2020) Scaling sports equipment for children promotes
functional movement variability. Sci Rep 10(1):3111

Okholm Kryger K, Thomson A, Tang A, Brown N, Bruinvels G,
Rosenbloom C, Carmody S, Williamson L, Datson N, Jobson E,
Mehta R (2022) Ten questions in sports engineering: technology
in elite women’s football. Sports Eng. https://doi.org/10.1007/
$12283-022-00384-3

Nield L, Thelwell M, Chan A, Choppin S, Marshall S (2024)
Patient perceptions of three-dimensional (3D) surface imaging
technology and traditional methods used to assess anthropom-
etry. Obe Pill 9:100100

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Abt G, Boreham C, Davison G, Jackson R, Nevill A, Wal-
lace E, Williams M (2020) Power, precision, and sample size
estimation in sport and exercise science research. J Sports Sci
38(17):1933-1935

Hong W, McLachlan SA, Moore M, Mahar RK (2022) Improv-
ing clinical trials using Bayesian adaptive designs: a breast can-
cer example. BMC Med Res Methodol 22:133. https://doi.org/
10.1186/s12874-022-01603-y

Nakashima M, Chida Y (2023) Effects of paddle dimensions on
shoulder joint torque for a swimmer with unilateral transradial
deficiency. Sports Eng 26:1

Duvall J, Gebrosky B, Ruffing J, Anderson A, Ong SS, McDon-
ough R, Cooper RA (2021) Design of an adjustable wheelchair
for table tennis participation. Disabil Rehabil Assist Technol
16(4):425-431

Kong PW, Yam JW (2022) Shoulder biomechanics of para-table
tennis: a case study of a standing class para-athlete with severe
leg impairment. BMC Sports Sci Med Rehabil 14:143

Gates KM, Chow S-M, Molenaar PCM (2023) Intensive lon-
gitudinal analysis of human processes (1st edn). Chapman and
Hall/CRC. https://doi.org/10.1201/9780429172649

Hoare E, Reyes J, Olive L, Willmott C, Steer E, Berk M, Hall
K (2023) Neurodiversity in elite sport: a systematic scoping
review. BMJ Open Sport Exerc Med 9:¢001575

Motti V (2019) Designing emerging technologies for and with
neurodiverse users. In Proceedings of the 37th ACM Interna-
tional Conference on the Design of Communication (Portland,
Oregon) (SIGDOC ’19). Association for Computing Machinery,
New York, NY, USA, Article 11

Garand L, Lingler JH, Conner KO, Dew MA (2009) Diagnostic
labels, stigma, and participation in research related to dementia
and mild cognitive impairment. Res Gerontol Nurs 2(2):112—
121. https://doi.org/10.3928/19404921-20090401-04

Asghar S, Torrens G, Iftikhar H, Welsh R, Harland R (2019)
The influence of social context on the perception of assistive
technology: using a semantic differential scale to compare
young adults’ views from the United Kingdom and Pakistan.
Disabil Rehabil Assist Technol 15:563-576. https://doi.org/10.
1080/17483107.2019.1646819

Beaton DE, Bombardier C, Guillemin F, Ferraz MB (2000)
Guidelines for the process of cross-cultural adaptation of self-
report measures. Spine 25(24):3186-3191. https://doi.org/10.
1097/00007632-200012150-00014

Haklay M., Dorler D., Heigl F., Manzoni M., Hecker S., Voh-
land K., Land-Zandstra A., Ceccaroni L., Lemmens R. and
Perell6 J. (2021). What is citizen science? The challenges of
definition. The science of citizen science, 13.

Guidance: Inclusive Communication (2021). Disability Unit,
UK Government, Available at https://www.gov.uk/government/
publications/inclusive-communication (Accessed 20th July
2024)

Yam J-W, Pan J-W, Kong P-W (2021) Measuring upper limb
kinematics of forehand and backhand topspin drives with IMU
sensors in wheelchair and able-bodied table tennis players. Sen-
sors 21(24):8303

Pagano TP et al (2023) Bias and unfairness in machine learning
models: a systematic review on datasets, tools, fairness metrics,
and identification and mitigation methods. Big Data Cogn Com-
put 7(1):15

Wong MC et al (2023) Accuracy and precision of 3-dimensional
optical imaging for body composition by age, bmi and ethnicity.
Am J Clin Nutr 118:657-671. https://doi.org/10.1016/j.ajcnut.
2023.07.010

Stenum J, Cherry-Allen KM, Pyles CO, Reetzke RD, Vignos
MF, Roemmich RT (2021) Applications of pose estimation in

INTERNATIONAL SPORTS ENGNEERING ASSOCATION


http://creativecommons.org/licenses/by/4.0/
https://www.imeche.org/policy-and-press/reports/detail/sustainable-inclusive-innovative-the-role-of-engineering-in-sport
https://www.imeche.org/policy-and-press/reports/detail/sustainable-inclusive-innovative-the-role-of-engineering-in-sport
https://mrctcenter.org/diversity-in-clinical-research/download/2326/
https://mrctcenter.org/diversity-in-clinical-research/download/2326/
https://doi.org/10.3390/sports10060091
https://doi.org/10.3390/sports10060091
https://doi.org/10.1177/17543371231213780
https://doi.org/10.1113/EP091454
https://doi.org/10.1080/15438627.2024.2357761
https://doi.org/10.1080/15438627.2024.2357761
https://doi.org/10.1007/s12283-022-00384-3
https://doi.org/10.1007/s12283-022-00384-3
https://doi.org/10.1186/s12874-022-01603-y
https://doi.org/10.1186/s12874-022-01603-y
https://doi.org/10.1201/9780429172649
https://doi.org/10.3928/19404921-20090401-04
https://doi.org/10.1080/17483107.2019.1646819
https://doi.org/10.1080/17483107.2019.1646819
https://doi.org/10.1097/00007632-200012150-00014
https://doi.org/10.1097/00007632-200012150-00014
https://www.gov.uk/government/publications/inclusive-communication
https://www.gov.uk/government/publications/inclusive-communication
https://doi.org/10.1016/j.ajcnut.2023.07.010
https://doi.org/10.1016/j.ajcnut.2023.07.010

32 Page 6 of 6 A.C.Mears et al.

human health and performance across the lifespan. Sensors and justification. Health Aff 41:1423-1432. https://doi.org/10.
21(21):7315 1377/hlthaff.2022.00520

32. International Organisation for Standardisation. ISO Online
browsing platform. Available at: https://www.iso.org/obp/ui# Publisher's Note Springer Nature remains neutral with regard to
home (Accessed 25th July 2024) jurisdictional claims in published maps and institutional affiliations.

33. United Nations Human Rights, Office of the High Commissioner
(2018) Integrating a gender perspective into human rights inves-
tigations: Guidance and practice. United Nations, New York

34. DeCormier Plosky W et al (2022) Excluding people with dis-
abilities from clinical research: eligibility criteria lack clarity

INTERNATIONAL SPORTS ENGNEERING ASSOCATION


https://www.iso.org/obp/ui#home
https://www.iso.org/obp/ui#home
https://doi.org/10.1377/hlthaff.2022.00520
https://doi.org/10.1377/hlthaff.2022.00520

	Towards inclusive sports engineering research: considerations of research methods
	Abstract
	1 Introduction
	2 Study populations and sampling
	3 Data collection methods and measurement instruments
	4 Ethical considerations
	5 Conclusion
	References


