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Abstract

The competitiveness of sport continues to increase with the
corollary increase in sport technology. Sport technology is an
umbrella that encompasses biometrics, wearable technology,
and data analytics. Central to sport technology is a close
relative, sport analytics. If sport technology is the general term
for measuring what the athlete is experiencing from a
performance standpoint, then sport analytics is the process of
cleaning, processing, and manipulating these variables into
meaningful output. The number of variables that can be
collected are extensive but can be generally categorized into
internal and external metrics. Internal metrics seek to measure
how the athlete responds to training load (HR, HRV,
Hormones, Sleep patterns). External metrics seek to measure
how much work the athlete is performing (Live player
tracking, Countermovement Jump, Isometric Mid-Thigh Pull).
Internal and external metrics are continually evolving in the
manner they are collected which depends on the time,
resources, and staff allocation of an organization. This is
where the collaboration between sport scientists and sport
performance staff can come together to overlay variables and
find relationships. There is no correct way to analyze data
because each organization will have their own goals. For
example, data could be used for injury mitigation, readiness
assessment, or simply to establish baseline values. Some
common statistical techniques that can be used include
correlation, regression, and principal component analysis
(PCA). However, performing these calculations may be
complex and some organizations may lack a practitioner
which can limit their ability to use data. In seeing this gap, the
authors propose a qualitative approach to workload
monitoring made for basketball but can be applied to most
sports. The purpose of this paper is to empower sports
performance staffs to learn and implement the basics of
qualitative athletic monitoring approach.

Introduction

The quest to become better in team and individual sport is
becoming magnified by the exponential increases in
technological advanced made available to organizations [1].
Over the last 25 years, there have been large advances which
have revolutionized the way sports data is looked at.
Furthermore, the number of numerical streams available to
coaches, agents, and performance staff has also increased.
Agents can track their clients ‘stats in real-time, coaches can
track sport specific metrics, and performance staff can track
plater progress. The term Data Science is an umbrella term that
encompasses the field of mathematics and statistics that
provides useful information based on large amounts of
complex data. This combination of math, statistics, and
computer science allows data to be leveraged for decision-
making purposes. The main purpose of data science within

sport will be referred to as “sport science” from this point
forward to recognize the intricacy and specificity of leveraging
numbers for human performance. The sport scientist is a
position is its infancy and most organizations do not yet have
a dedicated practitioner in this role [2]. It usually falls on the
strength and conditioning coach to collect, clean, and visualize
data. Data science within sport focuses on collecting
biometrics to reflect the human (biology) behind the metric
[3]. Biometrics can be categorized into internal and external
metrics. External metrics seek to quantify how much work the
athlete is performing (athletic workload) and common
instruments include live player tracking, GPD, and LPS [4].
Internal metrics seek to quantify the athlete’s response to said
workload through means such as max heart rate and heart rate
variability [5]. Recently, there have been tools that seek to
measure other athletic qualities such as isometric strength,
fatigue, and neuromuscular fatigue. Common isometric
strength measures include the hamstring, hip abductors, and
hip adductors however the principle can be applied to any
relevant muscle group [6]. Fatigue and neuromuscular
readiness are indirect measures of current athletic states and
are assessed through measures such as countermovement
jumps and squat jumps [7]. We can see how the number of
biometrics available to practitioners has become large, and
some may argue redundant. The important question to address
now becomes which of these biometrics is the most important
and how do these numbers improve athletic performance.

External Workload Metrics

The purpose of external workload metrics is to quantify
how much work an athlete is performing [8]. This allows the
performance team to begin programming and creating
decisions around this information. Common metrics of
external workload include live player tracking, GPS, and LPS
systems. Live-player tracking has become common place in
higher levels of basketball (NCAA D1, Professional) [9].
Kinexon is one such example and its metrics include total
distance, sprints, and metabolic intensity [10]. Kinexon data
can be used to establish normative values for each metric,
position, and player. This information can function as a
decision support system in training and game preparation. The
NBA as an example has the advantage of knowing their game
schedule and frequency (3.5/week) ahead of time which can
help periodize the amount of target for each practice and
training session [11]. This is where load management becomes
important since performance staff can see which players are
under stimulated or over stimulated and adjust accordingly.

Internal Workload Metrics
Internal metrics investigates how the athlete responds to a

certain stimulus [12]. This is usually done through metrics like
heart rate (HR) and heart rate variability (HRV) [13]. Heart
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rate metrics are becoming increasingly accessible to users in
via smartwatches, rings, and bands. Some companies augment
heart rate by also giving a sleep score which is also known as
recovery score. The higher a recovery score, the better rested
an athlete is and theoretically ready for optimal performance
[14]. Other metrics available include maxHR, averageHR, and
exploratory metrics into HRV. The basis of HRV is how
quickly an athlete’s heart rate can spike up during stress and
subsequently come back to resting values [15]. The quicker
this return to baseline occurs and the larger the difference
between both values the more fit an athlete is. Finally, there
has been a push toward indirect measure of readiness through
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the use of portable force plates. Portable force plates are the
ideal modality to test jumps and conduct isometric force tests
such as the mid-thigh pull (IMTP). Of these tests, the
countermovement jump (CMJ) is the most studied and can
track athlete readiness through changes in their metrics [16].
Metrics evaluated can range from superficial jump height to
in-depth eccentric duration and eccentric rate of force
development. It is easy to see how both styles of workload
metrics yield valuable information. It is up to the sports science
and performance staff to create meaningful interpretations of said
data.

The Quantitative Approach

Total Training Session Load

Drill #1: 1 intensity x 10 minutes= 10 AU

Drill #2: 3 intensity x 15 minutes= 45 AU

Drill #3: 3 intensity x 15 minutes= 45 AU

Drill #4: 4 intensity x 10 minutes= 40 AU

Drill #5: 4 intensity x 15 minutes= 60 AU

Total=200 AU

The Quantitative Approach to Sport Science

There is much value that can be discovered through
external and internal metrics of workloads. The sport
performance staff can use techniques like data mining to
discover patterns in existing data [17]. In addition, existing
data can be used to create sophisticated forecasts of where
player performance is going or how recovered the player may
be at the end of a long road trip. Some common quantitative
approaches include performing correlation, regressions, and
principal component analyses (PCA) [18]. Correlations can be
performed between two variables to see if they are related. For
example, the relationship between total sprints and heart rate
variability can be explored through a correlation. More in-
depth, the regressions like to establish a causal relationship
between two or more variables [19]. A player’s mechanical

intensity can be regressed with their jump height to see how
the intensity of a training session impacts their state of
readiness. Or the performance staff can narrow down a
multitude of metrics such as the countermovement jump
(CMJ) into the most relevant variables using a PCA [20].
However, most importantly, it is the duty of the performance
staff to overlay and explore these variables and truly explore
the relationship between each metric. This allows for
meaningful data exploration rather than siloed data
interpretation. Yet not every organization will have access to
the technology and resources needed to perform advanced
quantitative techniques to explore athletic monitoring.
Identifying this gap in the literature, the authors have created
a qualitative framework for practitioners at all levels that are
resource-inclusive to still monitor workload and improve
athletic performance.
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Figure 1: Weekly Workload.

The Qualitative Approach to Sport Science

Since many organizations and performance staffs may not
have adequate access to advanced quantitative approaches, the
authors seek to add value by creating a qualitative approach.
The qualitative approach is still based on sound scientific
principles and has the potential to be a useful tool for athlete
monitoring. This approach has been named “The Qualitative
Approach” to promote its usefulness and simplicity while
identifying its primary weakness. It takes from previous work
performed by Bove (2021) and extensive work done by
Gabbett [21]. The work by Bove (2021) establishes the
quadrant system which puts athletes into 1 of 4 quadrants of
work achieved. Based on which quadrant the athlete falls into
dictatestheir amount of stimulation for a game. As it applies to

basketball, if a player has played a certain number of minutes,
they met a threshold which warrants rest and recovery. A
player that is under-stimulated may require additional work to
maintain levels of fitness. Conversely, a player that is over-
stimulated may require additional regeneration strategies to be
ready for the next competition. Gabbett’s work adds to this the
acute: chronic workload ratio, which although proven to be
flawed can give the performance team a sense of rolling
average [22]. Rolling averages can then be used to guide
training sessions while being mindful of on-court
performance. According to this work, optimal stimulation is
defined as 0.8-1.3 which is the result of dividing the acute
workload (7 days) by the chronic workload (28 days).
Similarly, values under 0.8 indicate under stimulation while
values over 1.3 indicate over stimulation.
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Figure 2: Weekly Workload with Standard Deviation

Practical Applications of the Qualitative Approach

The NBA season consists of 82 regular season games with
a weekly average of 3.5 games and the NBA G-League
consists of 50 gameswith a weekly average of 2.5 games per
week. Even though the qualitative approach can be applied to
other team sports, the authors are domain experts in basketball
performance thus the example will follow this sport. The basis
of the qualitative approach follows using the coaching staff to
create consistency and standards within each practice session.
Each basketball practice session is organized into different
drills (walk through, teaching, scripted drills, live play). The
performance coach asks the coach to rate each drill on a scale
from 1-5 (1 being the easiest to 5 being the hardest) in regard
to intensity and is adopted from the work of Borg [24]. The
drills intensity is then multiplied by the amount of time spent
in it; and then all drills are added for a total cumulative
workload (See Table 1). Each day’s training workload can
then be tracked through the week to ensure the team is well
rested enough for optimal on-court performance. Over time,
the coaching and performance staff may establish normative
values (in arbitrary units) for what easy and hard days will look
like and what each stimulus will entail. More importantly, this
allows the performance staff to program recovery and
regeneration ahead of time to best prepares for games (See
Figure 1).

Limitations

Although the qualitative approach is a simple and
accessible way for performance coaches to monitor athletic
workload within team sports, there are limitations. One such
limitation is the subjectivity of this method. Since this method
is based on the subjective rating from one person, it is
susceptible to user error since “intensity” is subjective.
Another limitation is the subjective-RPE which only allows
for a rating of 1-5. This is also susceptible to intensity
discrepancy rather than if the scale would be from 1-10.

Conclusions

Being able to quantify workload within team sports in one
important aspect of tracking athlete stress [24]. There are
various approached to athletic monitoringsuch as statistical
forecasting with data mining techniques and regressional
models. From a quantitative approach, technology such as
force plates, live player tracking, and heart rate variability are
available for data collection. However, not all organizations
will have access to this technology or the means to analyze it
which is where the qualitative approach comes in [25]. This
approach allows the performance staff to measure workload
and have objectivity when it comes to programming training

and practice sessions during the week and season. By having
a better sense of player stress, the performance and coaching
staff can plan for optimal court performance.
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