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Introduction. Theoretical framework: functional 
assessment in research and practice. 

Quality criteria of measurement properties for functional 
assessments (validity, reliability, responsiveness, etc.) 

Collection and storage of test results (database) 

Outline 

Methodological issues of functional assessment in sport 

RESEARCH 

FIELD 

Mechanisms (basic) 

Determinants of performance 

Intervention efficacy 

Control of interventions at group and INDIVIDUAL level 

Training optimization (e.g. determination of intensity and loads)  

Settings 
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Methodological issues of functional assessment in sport 

Measurement 

Measurement properties 
(quality criteria) 

Relevant for the sport discipline of interest 

Performance 

Introduction - Framework 

Methodological issues of functional assessment in sport 

Measurement 

Measurement properties 
(quality criteria) 

Relevant for the sport discipline of interest 

RESEARCH 

Performance 

Introduction - Framework 

1. The purpose of the research applied to sport (in the 
context of functional assessment) is to provide 
practitioners with valid measures (test) 

2. … or to examine the validity of tests already used or 
available, always considering that field (coach 
experience) can give important and relevant 
suggestions for both training and testing 

3. Sport scientists should not forget that coaches and 
athlete are the stakeholder 

Summary – Take Home Message 
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MOTOR CONTROL 
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PHYSICAL CAPACITIES 

Introduction - Framework 

Maximum Rate of  Force 
Development 

Fast Speed Strength 

Slow Speed Strength 

SSC and Reactive 
Strength 

Inter-muscular 
coordination and skill 

STRENGTH AND 
POWER 

[Cardinale et al. Strength and Conditioning. Wiley-Blackwell, 2011] 

Muscle Cross-sectional Area 

Muscle Architecture 

MTU Stiffness 

Motor Unit Recruitment 

Rate Coding and Rate of  Onset 

Introduction - Framework 
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[Cardinale et al. Strength and Conditioning. Wiley-Blackwell, 2011] 

AGILITY 

Perceptual and 
decision making 

Change of  
direction speed 

Visual 
scanning Anticipation Pattern 

recognition 
Knowledge of 

situations 

Technique Straight 
sprint speed 

Leg muscle 
qualities 

Anthro 
variables 

Foot 
placement 

Adjustment 
of strides to 
accelerate & 
decelerate 

Body lean 
& posture 

Strength Power Reactive 
strength 

Introduction - Framework 

[Smith. Sports Med, 2003] 

Introduction - Framework 

  Same as training: the more specific usually the more   
    externally valid (more related to performance) 

GENERIC tests 
Measures of single or few physical components (analytical 
measures) 

Lower external validity 

SPECIFIC tests 
Integrated measures (i.e. integrating different determinants 
of the performance) 

Higher external validity 

Introduction - Framework 

1.  Functional tests measure ONLY ONE or SOME 
determinants of performance (low predicting ability) 

2.  We CANNOT pretend to predict performance from one 
or few tests! 

3.  Specific tests are more externally valid that generic 
(measures of generic prerequisites) 

Summary – Take Home Message 

Introduction. Theoretical framework: functional 
assessment in research and field. 

Quality criteria of measurement properties for functional 
assessments (validity, reliability, responsiveness, etc.) 

Collection and storage of test results (database) 

Outline 

Quality Criteria 

validity! Responsiveness!

Interpretability!Reliability!

Relevance!!
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Evidence of VALIDITY 

Logical (face) Construct Criterion 

Convergent Discriminant 

Known-group difference 

Concurrent Predictive 

Measurement properties 

Evidence of VALIDITY 

Logical (face) Construct Criterion 

Convergent Discriminant 

Known-group difference 

Concurrent Predictive 

"There is nothing more deceptive than 
an obvious fact" (Sherlock Holmes)!

Measurement properties 

  VALIDITY 

Validity is the degree to which the test measures 
what it purports to measure. 
 
Validity is context specific (a test can be valid in 
one context but not in another) 
 

 
[Ary et al, 2000] 

Measurement properties 

  VALIDITY 

Validity is the degree to which the test measures 
what it purports to measure. 
 

 Example of Aerobic Assessments: 
 
1.  VO2max 
2.  Lactate thresholds 
3.  Efficiency 
 

Valid measure of aerobic 
power and capacity: are 
they relevant measures 
for the performance and 
training diagnosis? 

Measurement properties 

  Determinants of  Endurance Performance 
[Coyle, 1995; Joyner and Coyle, 2008] 

  
1.   VO2max (aerobic power) 
•  Determinant in heterogenous group 

2.   Lactate thresholds 
•  Determinant in a group with homogenous aerobic power 

3.   Efficiency 
•  Determinant in a group of endurance athlete with 

homogenous aerobic power and lactate threshold 
 

Measurement properties 

Heterogeneous group  
(26 min time difference) 

Examples 
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Homogeneous group  
(6 min time difference) 

Examples 

Homogeneous group  
(6 min time difference) 

(no rela2on with gross and delta efficiency; unpublished results) 

Examples 

  Determinants of  Endurance Performance  
 
1.  VO2max, lactate thresholds and efficiency can be valid 

assessments but ONLY explain a small percentage of 
endurance performance in an homogeneous group of 
athletes (in MTB as in other sports). 

2.  More research is needed to identify the determinants 
of endurance performance and therefore the 
corresponding tests [e.g. psychobiological model; Marcora, 
2009; 2010] 

Measurement properties 

  VALIDITY 

Validity is the degree to which the test measures 
what it purports to measure. 
 
Validity is context specific (a test can be valid in 
one context but not in another) 
 

 
[Ary et al, 2000] 

Measurement properties 

Examples 

  Some parameters of aerobic power and capacity may be used for selecting 
young athletes with more potential to excel in their categories 

Examples 



07/06/2012 

6 

0 athletes were correctly classified as professional cyclists! 

Examples 

 … but they cannot be used for predicting “talent” (ability to compete at  
professional level);  

0 athletes were correctly classified as professional cyclists! 

Examples 

Rumore 

Noise < SEGNALE 

Measurement properties 

Signal 

Noise 

Noise 

Noise < Signal 

Measurement properties 

  Reliability can be interpreted as the “noise” of a    
    measure (instrumental errors, biological variability, etc.) 

Absolute reliability (agreement) 
Degree to which repeated measurements vary for individuals 
(longitudinal assessments)  

Bland & Altman plot; SEM, Standard Error of Measurement 

Relative reliability 
Degree to which individuals maintain their position in a 
sample with repeated measurements (cross-sectional 
comparisons) 

ICC, Intraclass Correlation Coefficient 

[Atkinson and Nevill. Sports Med 1998; de Vet et al, J Clin Epidemiol, 2006] 

Measurement properties 

Minimal Detectable Change 
From the SEM (or Typical Error; Hopkins, 2000) it is possible 
to determine the smallest change can be interpreted as real 
with an acceptable probability level. 

Smallest Worthwhile Change 
Smallest change relevant for the performance  

[Atkinson and Nevill. Sports Med 1998; de Vet et al, J Clin Epidemiol, 2006; Hopkins et al., Sports Med, 2000] 

Measurement properties 
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[Atkinson and Nevill. Sports Med 1998; de Vet et al, J Clin Epidemiol, 2006; Hopkins et al., Sports Med, 2000; Amman et al, MSSE 2008] 

Minimal Detectable Change 

Smallest Worthwhile Change 

< 

Training induced changes 

SIGNAL 

  If the measurement error is the noise and the training  
    effect (or the SWC) is the signal, responsiveness can  
    be considered as the signal:noise ratio 

Measurement properties 

Internal responsiveness 
Ability of a measure to change over a particular prespecified 
time frame. 

External responsiveness (longitudinal validity) 
The extent to which changes in a measure over a specified 
time frame relate to corresponding changes in a reference 
measure. 

[Husted et al., J Clin Epidemiol, 2000] 

Responsiveness (sensitivity to change) 

Measurement properties 

39 

Yo Yo Intermittent Recovery Test 

(Bangsbo et al., 2008) 

A 5% increase in YYIRT would indicate 
odds of about 5 to 1 the change is real. 

Reliability 
NOISE 
5 to 8% (CV) 
 

Training-induced changes 
SIGNAL 
9.9 to 30% 
 

Signal:Noise ratio 
Signal 2 to 6 times the noise GOOD 

Examples 

40 

Repeated Sprint Ability test for soccer 

Reliability 
NOISE (SEM) 

 

Training changes 
SIGNAL 

 

Signal:noise  
ratio 

 

Descriptor 

RSE mean time 
 

0.8% 

RSA best time 1.3% 

RSA decrement 30.2% 

(Impellizzeri et al., IJSM, 2008) 

Examples 

41 

Repeated Sprint Ability test for soccer 

Reliability 
NOISE (SEM) 

 

Training changes 
SIGNAL 

 

Signal:noise  
ratio 

 

Descriptor 

RSE mean time 
 

0.8% 2.1% 2.6 

RSA best time 1.3% 1% 0.8 

RSA decrement 30.2% 10% 0.3 

(Impellizzeri et al., IJSM, 2008) 

Examples 

42 

Repeated Sprint Ability test for soccer 

Reliability 
NOISE (SEM) 

 

Training changes 
SIGNAL 

 

Signal:noise  
ratio 

 

Descriptor 

RSE mean time 
 

0.8% 2.1% 2.6 GOOD 

RSA best time 1.3% 1% 0.8 POOR 

RSA decrement 30.2% 10% 0.3 VERY POOR 

(Impellizzeri et al., IJSM, 2008) 

Examples 
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43 

Why the signal-to-noise is so important? An example 

[Amman, Hopkins, Marcora, MSSE 2008] 

1.  Reliability of time to exhaustion test = 20-25% CV 
2.  Reliability of time trial = 1-3% CV 

Is Time-to-exhaustion reliable?  

Examples Examples 

Examples 

External responsiveness (longitudinal validity) 
The extent to which changes in a measure over a specified 
time frame relate to corresponding changes in a reference 
measure. 

[Husted et al., J Clin Epidemiol, 2000] 

Responsiveness (sensitivity to change) 

Measurement properties 

What do you expect when your athlete improved in the tests? 
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External responsiveness (longitudinal validity) 
The extent to which changes in a measure over a specified 
time frame relate to corresponding changes in a reference 
measure. 

[Husted et al., J Clin Epidemiol, 2000] 

Responsiveness (longitudinal validity) 

Measurement properties 

What do you expect when your athlete improved in the tests? 

Probably the most important test attribute! 

r = 0.69 (CI 90%  0.27 to 0.89) 

Yo-Yo Intermittent Recovery Test Level 1 

Responsiveness 

Responsiveness 
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YYIRT_Submaximal heart rate changes (HR % of max)

r = -0.38 (CI90%  -0.73 to 0.12) 

Yo-Yo Intermittent Recovery Test SubMax 
Test validation process 

 
Phase 1. Theoretical framework 
Identification of the potential determinants of the performance. 
 
Phase 2. Validity 
Verification of the theoretical framework (relevance) and examination of test 
validity. When possible experimentally.  
 
Phase 3. Reliability 
Examination of reliability. 
 
Phase 4. Responsiveness 
Interpretation of the reliability in relation to the sensitivity to change and 
examination of the relation between change scores of the tests and the change 
in performance. 
 
Phase 5. Interpretability 
Assignment of qualitative meaning to a quantitative score (norm values, 
subgroup analysis, minimal detectable changes, smallest worthwhile changes…) 

Summary – Take Home Message 

Introduction. Theoretical framework: functional 
assessment in research and field. 

Quality criteria of measurement properties for functional 
assessments (validity, reliability, responsiveness, etc.) 

Collection and storage of test results (database) 

Outline 

A database is a collec2on of informa2on that is organized so that it  
can easily be accessed, managed, and updated. 

Storing and Collection 
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Essential Database Characteristics: 
 
1.  Well-structured 
2.  Flexible 
3.  Data security 
4.  Data sharing 
5.  No redundancy 
6.  Feasible (data entering) 
7.  Quality control (e.g. plausible ranges of absolute and change 

scores) 
 

Database 

Test selection process 
 
Phase 1. Theoretical framework 
Identification of the potential determinants of the performance. 
 
Phase 2. Validity 
Selection of the test demonstrated to be valid and relevant to the performance 
 
Phase 3. Reliability 
Select the tests for which the reliability is known (reliability may be population 
dependent!) 
 
Phase 4. Responsiveness 
Selection of the tests sensitive to changes. 
 
Phase 5. Interpretability 
Selection of tests for which there are (or can be created) norm values, minimal 
detectable changes, smallest worthwhile changes… 

Conclusion 

TEST 

Conclusion 

“In conclusion, we believe that the application of 
more rigorous methods for the development and 
validation of physiological and performance tests 
would improve the quality of sport science 
research and professional practice. 
 
… We hope that future investigations will assess all 
the relevant test attributes presented here, rather 
than leading to further test proliferation.” 

The new Omer Simpson’s test !
The researcher and fitness 
coach Omer Simpson of the 
University of Springfield has 
developed a new test for 
soccer: the Omer Simpson’s 
test!  

This test is similar to those 
already existing, has not been 
appropriately validated, and 
we do not know how to 
interpret  the results. The 
most original characteristics 
of the test is the name. 

However, since this test is 
now used in professional 
teams, it can be considered 
valid. 

The researcher and fitness 
coach Omer Simpson of the 
University of Springfield has 
developed a new test for 
soccer: the Omer Simpson’s 
test!  

This test is similar to those 
already existing, has not been 
appropriately validated, and 
we do not know how to 
interpret  the results. The 
most original characteristics 
of the test is the name. 

However, since this test is 
now used in professional 
teams, it can be considered 
valid. 
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Thank you for the attention 

“Quelli che s'innamoran di pratica sanza scienzia son come  
'l nocchier ch'entra in navilio senza timone o bussola,  

che mai ha certezza dove si vada”  
 

Leonardo Da Vinci!

Questions? 


