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Executive Summary

Identifying and applying tools to effectively and efficiently evaluate technologies is an
area of increasing need for many sports stakeholders. A more robust and comprehensi-
ve process to evaluate technology would help to reduce negative effects due to adoption
of poor-quality technology, such as low return on investment, technology misuse, or data
breach.

This white paper introduces a standardized, evidence-based framework which can be
adopted by sports technology stakeholders to assess the value, usability, and quality of tech-
nology. Developed in collaboration with 48 experts across the sports industry by means of
a Delphi study design, the Sports Technology Quality Framework consists of 25 measurable
features grouped under five quality “pillars”: Quality Assurance & Measurement, Establis-
hed Benefit, Ethics & Security, User Experience, and Data Management.

This framework can be used to help design and refine sports technology in order to optimize
quality and maintain industry standards, as well as guide purchasing decisions by organizati-
ons. It also will serve to create a common language for organizations, manufacturers, inves-
tors, and consumers to improve the efficiency of their decision making on sports technology.




The Global Challenge of Evaluating Sports Technology

Technology use is accelerating everywhere, and sports are no exception. The last 20 years have seen
exponential growth in the development and use of technology to identify, monitor, train, recover, and
rehabilitate athletes [1], [2]. Although these technologies were once confined to elite sport, the rapid
democratization of technology and data has created an explosion of opportunities at the amateur
and general consumer level as well [3], [4]. Furthermore, the increased commercialization of sport has
broadened the notion of sports technology beyond athlete performance. Digital technologies and in-
vestable enterprises have emerged across a range of sport-related applications, including fan engage-
ment, stadium experience, venue operations, and entertainment and content creation [5]-[7].

Key stakeholders face numerous challenges when evaluating the value, usability, and quality of
products in the rapidly-evolving sports technology marketplace (Figure 1). High-performance staff,
leagues, and governing bodies are inundated with more tech proposals in one week than they could
reasonably review in a year. Coaches attempting a simple online search are met with a daunting list of
tech options but have limited resources to distinguish hype from substance. Tech start-ups receive
considerable mentoring on how to develop a viable business but minimal direction on how to establish
the quality of their product. Likewise, investors may look deep into financial projections for a company
while only gaining superficial insight into the technology’s technical suitability. Last but certainly not
least, in a race for competitive advantage, it is the players that often have a limited voice in how sports
technology is used to monitor and intervene on their training and performance.

Governing Bodies Inform awarding of league-wide industry contracts and endorsements whilst
ensuring user safety.

Sport & Health

Organizations Facilitate comparison and evaluation of different types of tech against each other prior

to adoption, or replacement of old tech to ensure optimal spend and service provision.

Athlete

Associations Reduce burden of tech in training and competition environments, ensure

safety and optimal performance benefit from tech.

University Graduates Guide education of university students in the use and critical

evaluation of sports tech.

Researchers Remove uncertainties around which industry and field practice
SpOI’tS Tech requirements to account for when bringing research findings to
Quality Framework market.

Other Industry Sectors Prevent other industries (i.e., Medicine, Defense, and
Occupational Health) from adopting inappropriate tech because
they rely on its use in sport as a primary quality indicator.

Technology Companies Provide education on the performance value of sports tech as a

value proposition for clients and potential investors.

Investors Provide evidence on the performance value of sports tech regarding
returns on their investments.

Professional

Accrediting Bodies Provide educational content to empower members to effectively adopt

technology in their professional practices.

General Public Inform general public on how new tech can be used to inform them on how it can

improve their lifestyle and healthy living habits.

Figure 1. Benefits of a Sports Tech Quality Framework for Key Stakeholders




Identifying tools and processes to effectively and efficiently evaluate technologies is an area of incre-
asing need for many sports stakeholders. Access to resources and training in this area would reduce
the negative effects of adopting ineffective, unusable, burdensome, or unsafe technologies-including
poor return on investment, wasted time and resources, unsatisfied consumers, or adverse events. As
sports technology continues to outpace user expertise, there is a critical need to implement
better education, policies, and processes for evaluating the quality of a given sports technology.

The Need for a Sports Technology Quality Framework

The regulatory environment for sports technology is not well defined. Unlike many other industries,
the majority of sports technologies are not required to comply with statutory or regulatory requi-
rements. At best, a patchwork of regulations and policies exist which are largely contingent on the
relevant sport, competition level, and geographic region. Additionally, regulations may be present for
certain aspects of technology (e.g., physical safety, data privacy) but not others (e.g., accuracy, effica-
cy, or usability). However, consumers are often unaware of this and generally assume that the product
has met some level of technical quality before becoming commercially available.

In many instances, the responsibility to confirm the technical quality of a product ultimately rests with
the manufacturer. However, this is also a challenge for manufacturers, who cannot point to a unified
standard against which to design and test their product. Also, given competitive and financial con-
cerns, manufacturers rarely disclose technical information on the product, including how it has been
evaluated and how it compares to competitor products. On the academic research side, independent
evaluation of a product may take years to conduct. Meanwhile, the technology of interest often has
evolved its algorithms, firmware, and even hardware in the intervening period, rendering the research
results obsolete as soon as they are published.

Sports governing bodies are marking important strides on assessing the safety and validity of sport
technologies [8]-[10]. For example in 2017, the National Basketball Association (NBA) and NBA Players
Association created a first of its kind joint Wearables Committee to review requests by NBA teams, the
NBA, or the NBPA to approve a wearable device for use by players - clearly indicating the high priority
for a standardized process for assessing sports technology [9]. In parallel, voluntary standards groups
have begun rolling out test methods and evaluation criteria for specific health and fitness techno-
logy measures [11]-[16]. The sports science and research communities likewise have put forth sever-
al thoughtful approaches for decision-making around technology, aimed at various stakeholders [2],
[17]-[19]. Despite current advances toward more rigorous evaluation of sports and related tech-
nology, a unified global framework for evaluating sports technologies remains sorely needed.

Development of the Sports Technology Quality Framework

Recognizing the aforementioned needs, the Sports Technology Research Network (STRN) convened a
working group to develop a standardized, evidence-based, publicly-available framework intended to
help sports technology stakeholders evaluate the value, usability, and quality of technology. It was
envisioned that this framework would be used to:

1. Help design and refine sports technology in order to optimize quality and maintain industry
standards,

2. Guide purchasing decisions by facilitating comparison of certain technologies that perform
the same function with one another (i.e., optical tracking vs GPS), or certain providers of the
same tech with one another (i.e., Sleep watch #1 vs Sleep watch #2),




3. Create a common language for organizations, manufacturers, investors, and consumers to
improve the ease and transparency of discussing sports technology evaluation.

The working group consisted of 11 members from four countries (Australia, United States, Belgium &
Germany). From February to August 2022, the group conducted a review of standards, research, and
consensus statements on technology assessment in sports as well as adjacent industries, including di-
gital health, psychology, software engineering, security and defense, and e-commerce, and developed
a first draft of the framework (Figure 2).

The Framework Development Process

FEB, 2022 Working group of 11 members from four
countries (Australia, United States,
Belgium & Germany) convened.

« Reviewed standards, research, and FEB -
consensus statements on technology AUG, 2022
assessment in sport.

¢ Adjacent industries, including digital
health, also consulted.

* First draft of framework developed.
AUG, 2022 Expert panel recruited.

e 48 sports technology experts agreed to
review the draft framework via online
Delphi survey.

Draft framework presented for feedback ~ SEPT, 2022
at STRN Summit (Ghent, Belgium).

OCT, 2022 Draft framework presented for feedback
at the FIFA Research Symposium (Ziirich,
Switzerland).

Working group convened to revise the
Framework based on feedback from
the 48 experts. NOV, 2022

Revised framework submitted to
expert panel for review via second
online survey.

Consensus (Agreement > 75%)
DEC, 2022 reached on all aspects of the frame-
work.

Results disseminated to expert panel.

White paper published. MAY, 2023

Framework application case studies
commenced.

CURRENT Working group developing a manuscript
for peer review, online example use
cases, and other online resources.

Figure 2. Development process of the sports technology quality framework




Formal review of the framework was undertaken in the form of a Delphi approach [20]. The working
group contacted 110 experts in the sport technology field to review and comment on the draft frame-
work, of which 48 experts participated. This expert panel was selected to represent key stakeholder
groups, including: sports governing bodies and leagues, teams, practitioners, athletes, manufacturers,
investors, educators, researchers, and consultants. Members of the working group also presented the
draft framework at the Sports Tech Research & Innovation Summit (STRN, Ghent, Belgium, September
2022) and the Federation Internationale de Football Association (FIFA) Research Symposium (Zurich,
Switzerland, October 2022). Following the first round of expert feedback, the working group convened
to revise the framework. The revised framework was then submitted to the expert panel again for re-
view until consensus (Agreement > 75%) was reached on all aspects of the framework [21].

Sports Technology Quality Framework
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Figure 3. The Sports Technology Quality Framework

The framework is structured in two levels:

1. Pillars: Five high-level groupings of similar quality features

2. Features: Unique measurable aspects of quality of a sports technology

a " o
N

Data Management

Data Standardization
Interoperability
Maintainability
Scalability

The following tables describe and define the features for each pillar, along with relevant practical
examples.




FEATURES

#1 ACCURACY

#2 REPEATABILITY

#3 REPRODUCIBILITY

#4 SPECIFICATIONS

Pillar A: Quality Assurance & Measurement

DEFINITION

The extent to which the tech’s output relates
to a current gold standard for similar mea-
surement

The extent to which the tech’s output remains
the same under similar test conditions; includ-
ing procedure, users, measuring system,
operating conditions and location, and repli-
cated on the same or similar objects over a
short period of time

The extent to which the tech’s outputs of the same
measure remain the same when carried out under
changed conditions of measurement. These conditions
may include but are not limited to: user; device or device
components; location; condition of use; and time.
Inter-rater reliability (different users) and stability (extend-
ed time-period, such as multiple months or a season) are
considered components of reproducibility

Specifications of the tech such as its capacity,
sample rate and dimensions are clearly avail-
able to the user

PRACTICAL EXAMPLE #1

Athlete tracking (EPTS) in football

Level of agreement for outputs such as velocity
or position with passive optical marker-based
motion capture (i.e., gold standard)

The ability of a person traveling on an identical
path at a known velocity to be tracked by the
system on repeated instances

Differences in distance measurements calcu-
lated by a GPS system when operated by two
different human users

Global Positioning sampling and reporting rate
of 10 HZ, accelerometer sampling rate of 1000
Hz and range of +/-16 g and reporting rate of
100 Hz, gyroscope sampling rate of 100 Hz and
range of 2000 deg/s; and 6-hour battery life

PRACTICAL EXAMPLE #2

Wrist-worn heart rate monitor in youth
track and field (athletics)

Mean absolute error between heart rate report-
ed by tech and that measured with electrocar-
diogram (ECG)

The ability to measure heart rate with an accu-
racy similar to gold standard during a running
trial at the same speed with the same individu-
al, two days apart

Change in the output of heart rate on a smart-
watch compared to gold standard when utilized
by users of varying skin melanin content

Tech specifications indicate the watch dimensions, weight,
water resistance, which types of optical sensors are used,
heart rate reporting frequency and duration, whether it is
reported in activity or resting or continuously, whether
automatic or user-triggered, communication protocol, and
battery life with and without heart rate tracking engaged




FEATURES

#5 CONSTRUCT
VALIDITY

#6 CONCURRENT

VALIDITY

#7 PREDICTIVE
VALIDITY

#8 FUNCTIONALITY

Pillar B: Established Benefit

DEFINITION

Ability of tech output to measure a specific
area of interest, and/or differentiate between
various groups or conditions

Extent to which the tech output relates to a
previously validated measure administered at
the same time

Output from the tech has been shown to
predict outcome of a future state

The capability of the tech to provide functions
which meet stated and implied needs, when
the tech is used under specified conditions.
Includes clear stating of intended limitations
and delimitations

PRACTICAL EXAMPLE #1

Athlete tracking (EPTS) in football

Data from the tech reveals that midfielders run

further distance in a game of professional
football comparative to strikers

Velocity output from a GNSS-based system
showing good agreement with an optical
tracking system

High-speed running metric shown to predict
creation of a scoring opportunity in team
sport

Information stating that a global positioning
system should not be used with fewer than X
satellites

PRACTICAL EXAMPLE #2

Wrist-worn heart rate monitor in youth
track and field (athletics)

Ability to differentiate illness status of athletes
using tech’s resting heart rate measure

Relationship between tech output (e.qg.,
heart-rate based training impulse
response/TRIMP) and athlete session rating of
perceived exertion (RPE) measured at the
same time is established

A decrease in heart rate recovery time
following standardized running intervals
predicts faster 800 m time

Provider clearly states that wrist-based heart
rate sensor should only be used to measure
heart rate variability when at rest, and not
during activity




FEATURES

#9 COMPLIANCE

#10 PRIVACY

#11 OWNERSHIP

#12 SAFETY

#13 TRANSPARENCY

#14 ENVIRONMENTAL
SUSTAINABILITY

Pillar C: Ethics & Security

DEFINITION

The extent to which the tech is aligned with
relevant laws and regulation

Extent to which the confidentiality of, and access
to, certain information about the user is protected

The ability to access, create, modify, package,
derive benefit from, sell or remove outputs from
the tech, as well as the right to assign these
access privileges to others, is clearly defined

Freedom from conditions that can cause death,
psychological or physical injury, occupational
iliness, damage to or loss of equipment or
property, or damage to the environment

Recalls, transparent feature updates, honest and timely
reporting available to users and governing bodies.
Security vulnerabilities are reported, identified, assessed,
logged, responded to, disclosed, and quickly and
effectively resolved, where relevant with two-way
feedback

The ability of the tech to positively impact, or reduce negative
impact to the environment through means of substitution (foster
a shift from non-biodegradable and non-renewable to biodegrad-
able and renewable), prevention (reduce or eliminate deteriora-
tion and contamination through its use or production), or
efficiency (in terms of its demand on energy and resources)

PRACTICAL EXAMPLE #1

Athlete tracking (EPTS) in football

The system complies with all relevant regulatory
bodies from governments to leagues and clubs

Privacy statement is provided and readily available,
along with a list of those with access to the data

The tech provider clearly articulates customer vs.
manufacturer's rights over the data

A global positioning system is assessed for its
potential to cause injury during a fall

Security breach at a professional match reported to
clubs immediately

Development of new hardware that uses available
renewable materials and lengthens the life of the
product

PRACTICAL EXAMPLE #2

Wrist-worn heart rate monitor in youth
track and field (athletics)

Complies with World Athletics C2.1 6.4.4 if used
during international competition

Personal information stored in the cloud is
subjected to security and privacy controls in line
with applicable best practices

Users can grant or rescind access to all or parts of
data to other stakeholders

Watch is assessed for compatibility of its materials
with human skin, potential to cause skin irritation,
allergic reaction, burns or other injury or
discomfort, when worn as instructed

Manufacturer notifies users in a timely and clear
manner of potential of a specific model of the
product to cause skin burns and works with
consumers to facilitate a replacement

Watch uses improved battery technology that
extends battery longevity and reduces
environmental impact when disposed




FEATURES

#15 USABILITY

#16 ROBUSTNESS

#17 DATA
REPRESENTATION

#18 CUSTOMER
SUPPORT & TRAINING

#19 ACCESSIBILITY

Pillar D: User Experience

DEFINITION

The extent to which a product can be learned
and used by intended users to achieve
specified goals with effectiveness, efficiency,
and satisfaction in a specified context of use

The ability of the tech to operate correctly for
its intended purpose across a wide range of
operational conditions, and display a
reasonable life expectancy

The interpretability, usefulness and
attractiveness of methods used to represent
information produced by the tech

The extent to which clear use guidelines are
provided along with additional training and
customer support

The extent to which the tech is accessible and
equitable to individuals from a range of
different groups

PRACTICAL EXAMPLE #1

Athlete tracking (EPTS) in football

The tech’s score on a scale assessing ease of
use for deployment in community football

The ability of a global positioning-based
system to function across various temperature
and humidity levels

The dashboard outputs provided by an EPTS
company as rated by an end-user

Provision of training and support information
available online, along with responsive and
adequately trained tech support team during
live competition

Existence of a language option on the software
interface that users can choose from

PRACTICAL EXAMPLE #2

Wrist-worn heart rate monitor in youth
track and field (athletics)

Clear instructions are provided for correct device
placement and tightness, integration with mobile
tablet, and subsequent data download for
decision-making purposes and are understandable
for both track and field coaches and youth track
and field athletes

Watch performs equally across a range of
workout intensities, temperature, and
humidity levels. Bluetooth bandwidth and
data storage permit athletes to use without
carrying mobile device

Ability to represent and translate heart rate
data in an efficient and succinct manner for
decision-making by coaching staff

Device includes ‘Instructions for Use'
document and ‘Quick Start Guide’ to enable
efficient operation when used in the field.
Customer service contact information is
readily available and instructions online

Tech provides indication of optimal
placements for individuals with compromised
upper limb function due to stroke or vascular
impairments




FEATURES

#20 DATA
STANDARDIZATION

#21 INTEROPERABILITY

#22 MAINTAINABILITY

#23 SCALABILITY

Pillar E: Data Management

DEFINITION

Data is presented, available in and convertible
to a standardized format(s) in line with
conventions across a variety of contexts

Ability of the tech to physically connect to and
logically communicate with another set of
entities at foundational, structural, or
semantic levels

Extent to which the system'’s functionality
remains stable with minimal disruption to the
end-user whilst being upgraded, maintained,
or serviced

The measure of a tech'’s ability to increase in
performance and cost in response to
changes in application and system
processing demands

PRACTICAL EXAMPLE #1

Athlete tracking (EPTS) in football

Data is downloadable in various formats
requested by end user and/or governing body

Development of a high-quality and well-
documented API

EPTS company providing a back-up system to
end user during periods of servicing

Data output by the tech is stored on a cloud
service with room for data storage and
processing increases

PRACTICAL EXAMPLE #2

Wrist-worn heart rate monitor in youth
track and field (athletics)

Data can be exported in a non-proprietary file
type (e.g., .csv, .json)

Ability for time-synchronous alignment of data
from multiple devices and subsequent
integration of said data with the user’s athlete
monitoring system

Ability for firmware/software upgrades to
occur without data loss or other hindrances
that may derail athlete training programs

Ability of system to analyze data from multiple
training sessions uploaded from all team
members’ devices for efficient decision making




Recommended Use of The Quality Framework

Framework Specifications

The framework serves to provide users with an objective, systematic tool to assist their sport techno-
logy decisions. As such it is:

1. Non-prescriptive: The framework does not suggest that all features need to be assessed on a
technology prior to use.

2. Not defining good vs. bad: A technology is not necessarily unsuitable for use if it does not
reach a certain standard on some of the features.

3. Inclusive: Intentionally broad to address a wide-range of technologies and applications.
4. Unweighted: No pillar or feature is by default more important than another.

5. Accessible: Written in accessible rather than technically precise language, thereby facilitating
broad use.

Feature Evaluation

Ideally, each feature should be evaluated against some criterion to determine whether it is sufficiently
achieved. However, to keep the framework broad, inclusive, and non-prescriptive, evaluation cri-
teria (“standards”) have been excluded. Realistically, an acceptable performance for a given feature is
dependent on the type of technology, the intended application, and the goals of the user (Figure 4).
We encourage the user to consider the following sources of input within the context of their specific
purpose:

1. Relevant test standards
2. Practical knowledge
3. Relevant scientific literature

4. Known practical requirements

Planning has begun on future work to support the development of evaluation standards and also to
establish a repository of online resources.

Customizing Strategies for Implementation

We encourage users to begin with the entire framework and adapt it to their specific purpose. For
example, all features of Pillar A: Quality Assurance & Measurement may be of critical importance for
in-shoe pressure sensors, but low applicability to an athlete management system. Likewise, the degree
of construct validity that is meaningful will likely differ between a professional football club and an
Under 14 developmental squad.




Framework Application Example

Tech #1 Tech #2 Tech #3 Tech #4
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Figure 4. Benchmarking assessment of four different providers of a single technology.
Some features are uniformly passed, some are uniformly failed, but most vary between
passed or failed depending upon the application.

Data Management




Overall, users should select the pillars and features most relevant to their needs. Other pillars and fea-
tures can be ignored, assigned lower weight, or organized into a “gatekeeper” model, where they are
not part of initial screening but may still block or qualify the extent of final implementation (Figure 5).

Gatekeeper Model

PRIMARY SECONDARY TECH NOT
SCREENING SCREENING IMPLEMENTED

Accuracy Specification OR
Repeatability Ownership
TECH

Functionality Predictive Validity Q IMPLEMENTED
Construct Validity Maintainability

Technology implemented but
Usability Robustness with limitations noted on use

for predictive functions and
Safety Interoperability Q tech integretions

Figure 5. Example of gatekeeper model example applied to a sports tech device or metric where
the user decides whether the technology is not implemented, or implemented with limitations
on specific functionalities

Providing a Common Language

The framework will lay a foundation for a common language for organizations, manufacturers, inves-
tors and consumers to communicate and discuss the value of sports technology. The features des-
cribed and defined in this framework can support unambiguous communication of the evidence and
value of tech, for use cases ranging from a start-up company pitching to a sports league to a team
looking to upgrade or purchase new technology. This communication flags which features exist and
which are lacking, creating clear and mutual understanding between all parties including the end user,
thus supporting effective decision-making in the development and adoption of fit-for-purpose
sports technology.

Next Steps

This framework represents an incremental, yet important step, toward improving the quality of sports
technology. An accompanying scientific manuscript will shortly be submitted to a peer-reviewed jour-
nal. Furthermore, our next steps to improve and advance the framework over the coming year include:

1. Case studies and framework validation: To test the framework, it will be implemented for
specific technology questions of selected partner organizations. These case studies will be pu-
blished, and lessons learned will be used to validate and improve the framework.

2. Implementation strategies: Various implementation sequences such as the examples (see
“Customizing Strategies for Implementation”) will be explored and developed in the course of
research and industry partnerships.

3. Centering of standards: While this framework is not intended to be prescriptive, it is expected
many features will eventually accrue typical standards (e.g., minimum standards, gradings,
pass/fail cutoffs) for specific technology types.




4. Course development and accreditation: The need for literacy in determining the quality of
technology will continue to grow. Opportunities with governing bodies and tertiary institutions
to offer formal education in this and related areas are being actively explored.

5. Informing policy and governing bodies: It is anticipated that governing bodies will use the
framework to inform policy and technology adoption for specific leagues and competitions.
The working group is available as partners to guide this process.

6. Entrepreneur education: Training materials and advising services are being considered to
improve the technical support provided to start-ups, entrepreneurs, and venture capitalists.

7. Organizational decision-making: Organizations may improve their strategizing, such as opti-
mizing the roles of their staff, by using the framework.

Current work:
FRAMEWORK

» Publish white paper

» Develop manuscript for peer review

 Create online example use cases
and other online resources

Further research:

» Various applications of the
framework (i.e., gatekeeper model,
feature sets, weightings)

Case studies - whole organization,
all tech types

Development of measurable
standards for each feature

Further possibilities:

STANDARDS o Course development and

accreditation (universities,
start-ups etc.)

» Informing policy and governance

e Training and advice for start-ups,
entrepreneurs and venture
capitalists

¢ Organizational strategies and role
optimization
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