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In this lecture

▪Tracking systems and monitoring tools: What are they?

▪Validity and reliability: Foundational concepts

▪A brief note: Factors affecting validity and reliability



Tracking systems and monitoring tools:
What are they?



Tracking systems and monitoring tools
Tracking systems and monitoring tools

Technologies / methodologies / tools used to monitor and record movements, actions and 
physiological data, etc. before, during and/or following exercise

Common applications of tracking systems:

▪Physical / technical / tactical performance analysis

▪Load and fatigue monitoring

▪Training planning

▪Injury prevention



Tracking systems and monitoring tools



Tracking systems and monitoring tools
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Tracking systems and monitoring tools



Tracking systems and monitoring tools





Testing procedures

Testing
=

The objective core of the athlete evaluation process

Tests
=

Procedures for assessing the athlete’s ability in a particular area or skill



Purpose of testing
▪Assessment of Athletic Talent
Does the athlete have potential to compete?

▪Identification of Physical Abilities in Need of Improvement
Which qualities need to be central in the training plan?

▪Goal setting
What level of performance is desired in the future, and 
what is the current condition?



Utility of tracking, monitoring and testing
We are lucky to have so many «arrows in our quiver», 

that we can use to support the coaching process



Utility of tracking, monitoring and testing
Tracking systems, monitoring tools and
testing procedures are resources that
can be utilized in the coaching process,
and provide valuable information



However…



We must ensure their correct implementation



In other words…

We must make sure that the tools
we use are accurate, reliable and
provide relevant information



Validity and reliability:
Foundational concepts



Validity and reliability

▪Validity → the degree to which a tool or testing 
procedure measures what it is supposed to measure

▪Reliability → the degree of consistency or 
repeatability of a tool or testing procedure



Validity
▪Construct validity → ability of a tool / testing procedure to represent the underlying construct (see previous slide)

▪Criterion validity → the extent to which scores from a tool / testing procedure are associated with other measures of the 
same construct

▪Content validity → (for testing procedures) → ensuring that a test (or test battery) covers all relevant abilities needed for 
a particular sport (e.g., jumping, sprinting, strength)



Reliability



Common metrics to assess reliability

▪Coefficient of variation (CV)
Expresses the SD as a % of the mean
Easy to compare the amount of variation between measurements
Value range: (any positive value)

▪Intraclass correlation coefficient (ICC)
Indicates poor (< 0.5), moderate (0.5-0.75), good (0.75-0.9) or 
excellent (> 0.9) reliability
Value range: -1 to 1

▪Pearson’s product moment correlation (r)
High correlations may lead to the conclusion that a protocol is reliable
Value range: -1 to 1

𝐼𝐶𝐶 =
𝑇𝑟𝑢𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒

𝑇𝑟𝑢𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 + 𝐸𝑟𝑟𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒



Examples of validity and reliability

Over the next slides, we will go through some
examples of research assessing the validity
and/or reliability of different tracking/monitoring
systems and testing procedures



Validity and reliability-related information



Scientific literature databases



Books from reliable publishing companies
REMEMBER

Books can be amazing tools to 
approach a new topic, but they do not 

go through the same rigorous peer-
review process as research articles

Make sure to select books from 
reputable publishers



Before we proceed

The purpose of this lecture is NOT to examine the specific 
validity and reliability of every type of 

tracking/monitoring system and testing procedure

But rather to provide general information on how to 
collect relevant information to assess these characteristics



Global Positioning Systems (GPS)



Inertial Measurement Units



Inertial Measurement Units

Shaker table setup: The table moves in the X (fore-aft) direction. 
For Y (side-side) motion, the bracket is rotated 90°. For Z (vertical) 
motion, the table is removed, and the bracket is attached to the 
motor output

(from Nicolella et al., 2018)



Optojump system



Jump height and video analysis

Smartphone / computer softwares such 
as My Jump, Kinovea and Tracker appear 

to be valid and reliable video analysis 
tools for vertical jump assessment



Heart rate variability



Heart rate variability

Pay close attention when using smarphone
apps / smart watches / etc.

Which specific HRV indicator is being used?



Common HRV metrics: Time domain



Common HRV metrics: Frequency domain



Custom-made indexes



Subjective assessment



Subjective assessment



Testing procedures



Testing procedures



(once again)



A brief note:
Factors affecting validity and reliability



It’s not just about the tools

Ensuring that the tools we use for tracking, 
monitoring and testing are valid and reliable

is essential to obtain meaningful data

As coaches / sport scientists / researchers, 
we must also ensure that we use our 
monitoring / testing tools correctly



The importance of instructions

Testers / raters / observers should be well-trained to 
ensure that:

▪Their scores correlate closely with experienced and reliable 
personnel

▪They can explain and administer the tests / scales as 
consistently as possible
(e.g., instructions and encouragement must be consistent!)



Instructions: Subjective monitoring
Understanding the Scale:

ROF ranges from 0 (“not fatigued at all”) to 10 (“total fatigue and exhaustion – 
nothing left”) with five descriptors and diagrams for guidance

How to Respond:

▪Inspect the scale carefully, and provide a single, honest numerical response. 
Avoid ranges (such as “3-4”)

▪Check verbal anchors first, and (only afterwards) provide a numerical value

Providing specific examples:

0 = Fully rested, like after a good night’s sleep
10 = Completely exhausted, like after sprinting to physical failure

Rating-of-Fatigue
scale



Testing instructions: The example of CMJ

▪Distribute weight equally between feet

▪Use maximal effort (“jump as high and as fast as possible”)

▪Avoid “stutter-steps”

▪Avoid leg kicking/tucking

▪Land on the same spot as take-off



Testing: Athlete familiarization
Instructions:

▪Test purpose

▪What the test consists of + how the scoring works

▪Recommended warm-up

▪Number of practice attempts

▪Number of trials

▪Criteria for valid attempt

▪Recommendations for maximizing performance

A familiarization session is highly recommended



Testing: Environmental conditions

External factors can also influence the 
reliability of our testing procedures:

▪Temperature → hot + humid, or cold 
weather may impair performance

▪Altitude → until 2700 m, VO2max 
declines by 5% every 900 m, more 
sharply over 2700 m

Solutions → e.g., documenting the 
environmental conditions



Summary: Validity and reliability in sports

1. A great variety of tracking, monitoring and testing tools are available to support the coaching process

2. The validity and reliability of these tools must be adequate, in order to obtain meaningful data

3. External factors can affect validity and reliability, which should be minimized whenever possible



Questions?
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