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Is training like cooking? Is it an art?

Experience, talent, inspiration…



LIKE POPCORN… MORE WATTS & MORE TIME…

STIMULUS Vs RESPONSE (LIM, 2008)



WHAT WE NEED TO CONTROL TO GET THE BEST 
“POPCORN”?

SKILLS

SPORT

TACTICS PSYCHOLOGY - COACHING FITNESS

ATHLETE

SPECIFIC AND INDIVIDUAL CONTEXT 
(material, ergogenic aids…)



A lot of variables; too many?

Paralysis by analysis? (Passfield & Hopker)



A lot of variables, too many?

Selection is the key



VARIABLES

STIMULI VARIABLES RESPONDENT VARIABLES

-TIME

-DISTANCE

-VELOCITY

-POWER

-SUMMATIVE ASCENT (METERS) AND ASCENT 
VELOCITY (m/h)

-WORKING DENSITY

(WORK/RECOVERY)

-NUMBER AND TYPE OF COMPETITIONS

-…

-BLOOD AND /OR URINE PARAMETERS

-WEIGTH, BOSY COMPOSITION

-SLEEP, HANGER, PERCEIVED EFFORT AND 
RECOVERY

-HEART RATE DYNAMICS (REST, EXERCISE, HRV)

-PERFORMANCE IN TESTS AND COMPS.

-LACTATE, MUSCLE OXYGEN (?)

-HYDRATION STATUS

-PSYCHOLOGICAL VARIABLES

-…

WHAT TO ASSESS?



POWER
MELATONIN

TOECLIP 
POSITION

TYPE OF 
WHEELS

ANXIETY

STRESSHEART RATE

SPRINTING

RELAYS

INTEGRATED TRAINING
Rubik’s Cube, collaborative challenge
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INTEGRATED TRAINING
Rubik’s Cube, collaborative challenge

“The first biomechanist is the mechanic”. Everybody must feel that is important…



(Ronnestad and Zabala, 2017)



…and principles of training must be 
based on “Cycling 2.0” phylosophy: 

(Zabala & Atkinson, 2012)



INTEGRATED TRAINING
Real time knowledge in the cloud

Different levels of use based on
“FUNCTIONAL THRESHOLD DATA”
It’s not a Football team…



FIRST: BASIC ASPECTS TO KNOW FROM OUR CYCLIST

 PERSONAL DATA

 FAMILY ILLNESSES, INJURIES, PAINS, 
ALLERGIES…

 NUTRITIONAL HABITS AND ERGOGENIC 
AIDS

 REST-RECOVERY HABITS SLEEP QUANTITY-
QUALITY, PHYSIOTHERAPIST, HOURS 
STAND UP…



 TRAINING HABITS
 Years practicing cycling and others
 Kilometers per week and hours per week
 Kilometers and hours per month, per year…
 How many and which kind of workouts in different microcycles
 How many competitions and when
 Which kind of rest-recovery and for how long (during season and after)
 …

…BASIC ASPECTS TO KNOW FROM OUR CYCLIST



 TRAINING HABITS
– When do you perform better and why?
– When do you perform the worse and why?
– To be in your best shape, how many weeks/months you need?

How would you define yourself as a rider?

…BASIC ASPECTS TO KNOW FROM OUR CYCLIST

Very low Low Normal High Very
high

Powerful X

Diesel X

Technic X

Smart X



 TRAINING HABITS
Which aspect would you like to improve first?
Do you think you have improved in any aspect?
Do you think you have impaired any aspect?
Are you studying any language (or other)?

…BASIC ASPECTS TO KNOW FROM OUR CYCLIST



Define your goals for the next season (Specific, 
Measurable, Achievable, Regularly viewed, Timed): 

1. Result-based goals
Get a top-3 in Paris

2. Process-based goals
Ride efficient in the peloton

STABLISHING THE GOALS (SMART)



PLANNING THE SEASON

IT IS JUST “PAPER”, BUT…



PLANNING THE SEASON



2008 BEIJING

PLANNING THE SEASON



PLANNING THE SEASON



FLEXIBLE PLAN ACCORDING TO:
• Competitions
• Team’s interests
• Personal interests
• Illnesses
• Injuries
• Fitness-shape
• Load-recovery capacity
• Personal issues
• …

PLANNING THE SEASON



…AND WHAT IS NEEDED TO DEVELOP THE PLAN DAY TO 
DAY?

LET’S SEE SOME SPECIFIC ASPECTS THAT ARE NEEDED



SPECIFIC GLOSARY (I)

MEAN POWER, NORMALIZED POWER, FATIGUE INDEX…

CP: Critical Power. A power that theoretically can be maintained for a indefinitely long time 
without fatigue.

FTP : Functional Threshold Power. The highest power that a rider can maintain in a quasi-
steady state without fatiguing for approximately one hour

TSS: Training Stress Score®. A quantification of the training session that takes into account 
the duration and intensity of the training based on the power data. It's intended to estimate 
the training load and physiological stress created by that session 

ATL: Acute Training Load®. The dose of training that you accumulated over a short period of
time, from 3 to 10 days in general. It relates to your fatigue.

CTL: Chronic Training Load®. The the dose of training you accumulated over a longer period 
of time, from a couple of months to years. It relates to your fitness.

W' o W'bal: Formerly known as Anaerobic Work Capacity (AWC). A fixed amount of work, 
expressed in kJ, that you can do above Critical Power.

TAU: your rate of replenishing your W' stores.

www.goldencheetah.org



SPECIFIC GLOSARY (II)

RR: Ramp Rate. The ramp rate of your Chronic Training Load (CTL). Joel Friel considers
that a CTL ramp rate of 5 to 8 points per week is about right for most.

TSB: Training Stress Balance®. It’s the result of subtracting today’s Acute Training Load
(“fatigue”) from today’s Chronic Training Load (“fitness”). In general terms, if it's negative,
you're fatigued, and if it's positive you're fresh. It relates to your form or freshness.

Training Impulse: A method to quantify training load. It takes into consideration the intensity
of exercise as calculated by the heart rate (HR) and the duration of exercise (Strava's Suffer
Score is a modified TRIMP score).

SmO2: the abbreviation for Muscle Oxygen Saturation, that is, the percentage of
hemoglobin that is carrying oxygen within the muscle tissue. Essentially you’re looking at
how your body, specifically your muscles, responds to exertion over time. It's measured by
some devices like MOxy Muscle Oxygen Monitor and BXSinsight

tHb: total hemoglobin. It's part of your SmO2% measurement, and in simple terms it
represents the existing volume of blood, where measured.

www.goldencheetah.org



SPECIFIC GLOSARY (III)

Aerobic Decoupling: When power output and heart rate are no longer parallel in a
workout where one variable remains steady while the other drifts, the relationship is said
to have "decoupled" (e.g. when power remains constant but heart rate goes up, or when
heart rate remains constant and power drops). Excessive decoupling (much higher than
5%) would indicate a lack of aerobic endurance fitness

Super OP: Tracking of blood pressure and HR every morning.

HRV: Heart Rate Variability. RMSSD, HF to measure recovery status.

www.goldencheetah.org



CP AND W’ RELATIONSHIP 

www.goldencheetah.org



W’, W’bal, TAU & INTENSITY RELATIONSHIP 

www.goldencheetah.org

TAU TAU

W’ 100%



CONCEPTUAL CONTROVERSY 

Skiba/Literature Coggan/TrainingPeaks

Variability Index Variability Index

Relative Intensity Intensity Factor

xPower Normalised Power

BikeScore Training Stress Score

Critical Power Functional Threshold Power

W’ Functional Reserve Capacity

W’bal dFRC

www.goldencheetah.org



HOW CAN WE WORK? TOOLS TO 
FACILITATE PERFORMANCE ANALYSIS



INTEGRATION OF DAILY DATA
REMEMBER THE INDIVIDUAL DATA THRESHOLD

FIRST WE USED EXCEL: “THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



“THE BLACK BOX” OF THE AEROPLANE



WHY AN “ORDINARY” EXCEL FILE?

PARTICIPATIVE
INDIVIDUALIZE

UNIC
PERSONAL AND UNTRANSFERABLE

ACCESIBLE
SIMPLE

DYNAMIC
FLEXIBLE

REAL
MOTIVATES AND TEACHES (COACHING)

“THE BLACK BOX” OF THE AEROPLANE



NOWADAYS… HOW CAN WE WORK? TOOLS TO 
FACILITATE PERFORMANCE ANALYSIS



Coaches’ tools…



EXAMPLES
 PRE-SEASON



EXAMPLES
 SEASON



DATA ANALYSIS
Fleche Wallone



Totals Avg Max Metrics
Duration: 5:16:45 Cyclist’s weight

(kg): 64.00 Speed (km/h): 83.9 xPower (Watts): 150

Time pedalling: 5:14:07 Speed (km/h): 39.4 Power (vatios): 977 Relative intensity: 0.375

Distance (km): 206.10 power (watts): 117 HR (ppm): 0 BikeScore™: 148

Work (kJ): 4422 HR (ppm): 0 Cadence (rpm): 250 Daniels Score: 21

Work W' (kJ): 273 Cadence (rpm): 87 Max W’ used (%): 106
Equivalent

Daniels power
(vatios):

179

Altitude gain
(meters):

3999.2
69 Temperature (C): 6.4 Temp (C): 16.0 TRIMP: 0

Aerobic 
decoupling (%): 0.0

NP (watts): 156
Power (watts): 117

Power no ceros 
(vatios): 279

DATA ANALYSIS
Fleche Wallone



Power Zones

CP (watts): 400

Zone Description Lower
(watts) Upper (watts) Time

Z1 Recuperación Activa 0 220 7:37:05

Z2 Resistencia 220 300 56:15:00
Z3 Tempo 300 360 44:22:00
Z4 Umbral 360 420 31:19:00
Z5 VO2Max 420 480 19:11

Z6 Anaeróbico 480 600 14:17

Z7 Neuromuscular 600 MAX 5:58

DATA ANALYSIS
Fleche Wallone



POWER PROFILE
Best W values in 5’’, 1’ y 5, and 20’ (60’), CRITICAL POWER

Many times best values are taken from competitions. Profile Will be updated. 



POWER PROFILE



PERFORMANCE MANAGER

BASED ON IMPULSE-RESPONSE MODEL…

WKO+:
TRAINING STRESS BALANCE (TSB) = CHRONIC TRAINING 
LOAD (CTL) – ACUTE TRAINING LOAD (ATL)

CTL & ATL ARE CALCULATED BY MEANS OS TSS, USING 
LONG ANS SHORT PERIODS OF TIME, RECTIVELY



IMPACT OF THE PAST 42 DAYS (?) AND 7 DAYS, FOR CL 
AND ATL RESPECTIVELY

-CTL: HOW YOU HAVE WORKED THE PAST MONTH 

-ATL: HOW YOU HAVE WORKED THE PAST DAYS

HIGH VALUE: A LOT OF WORK, YOU MAY NEED REST

YOUR FITNESS STATUS DEPENDS ON THIS RELATIONSHIP

ESPECIALIZACION DEPORTIVA: CICLISMO – UNIVERSIDAD DE GRANADA



WKO+ DOES NOT PRETEND TO PREDICT FUTURE, IT JUST 
SHOWS FITNESS STATUS INDIVIDUALLY TO BE RELATED 
WITH PERFORMANCE

IT IS A PERFORMANCE MANAGER, NOT A PREDICTOR OF 
PERFORMANCE, BUT USING CONTINUOSLY MAY BE 
USEFUL TO PREDICT PERFORMANCE

e.g. HIGH ATL COULD BE RELATED TO OVERREACHING; 
CONSTANT CTL FOR A LONG TIME IS RELATED TO A WORK 
STAGNATION

THIS MAY BE USED INDIVIDUALLY!



OTHER IDEAS:

1. NORMALIZED HEART RATE

2. “Z INDEX”







RPE

HRPOWER

CONTEXT

TODAY… THE TRIANGLE OF TRAINING LOAD AND FATIGUE

NEXT… MUSCLE OXYGEN & GLYCOGEN??? NIRS TECH



AVG-HR VS AVG-POW & AVG-POW VS NP

TRIMP VS (AVG-POW X TIME) & TRIMP VS (NP X TIME)

TRIMP VS TSS





“This study shows the potential of an
external:internal intensity (PO:HR) ratio, ratios
between perceptual and physiological indicators of
intensity (RPE:HR) and load (sRPE:iTRIMP) and ratios
between perceptual and external intensity (RPE:PO)
and load (sRPE:TSS) to monitor the fatigue state of
cyclists”



FUTURE: PACING AND PREDICTION OF PERFORMANCE

MATEMATICAL MODELS TO PREDICT PERFORMANCE IN 
TTs USING WIND SPEED, GRADIENT, FTP, TEMPERATURE, 
HUMIDITY, PRESSURE…

ADVANCED MATHEMATICAL MODELS:
“CLUSTER” ANALYSIS, MIXED LINEAL MODELS, CHAOS 
THEORY, NEURONAL NETS…

…BECAUSE TRAINING ADAPTATION IS NON-LINEAL AND 
COMPLEX



SO:

WE CAN ACCESS A BIG AMOUNT OF DATA EASILY

WE CAN ANALYZE DATA IN A VERY PRECISE AND DEEP 
WAY

WE CAN RELATE TRAINING AND PERFORMANCE, EVEN 
PREDICTING PERFORMANCE IN THE FUTURE

WE WANT TO MAKE DATA-DRIVEN DECISSIONS RATHER 
THAN HEART-DRIVEN DECISSIONS

AND.. THIS IS WHY BIG-DATA ANALYSIS APPEARED FOR



Why we promote a data-driven approach?

Individual performance

• Monitor training effectiveness

• (Re)Act on training variables and recovery needs

• Identify physical and mental weak points / strengths

• Forecast performance peaks and schedule intensity accordingly

Team performance

• Design better tactical actions in 
competitions

• Monitor fatigue and optimize team work
around the leaders

Competition’s impact

• How many people went to see the “live” 
competition?

• What was the audience on TV?

• What happened in Social Media?

Data Analysis in Professional road cycling



Where does data 
come from?

Sensors
on bike

Weather
Data

People’s
mobility and 
digital activity

Feelings!



Sensors on Bike: A massive amount of Data

One sample per second, generated
in competion and training sessions,  
including: 
• Time
• GPS position, ramp, elevation
• Temp
• Cadence (rpm)
• Power (Watts).
• Speed.
• Left/Right balance
• Heart rate
• …and tens of new generated

variables (NP, IF, TSS…)  4 million pieces of info per 
cyclist in Tour de France



We need actionable insights not complex charts



What explains performance?

Power/Speed

Intensity

Heart Rate

Feelings (recovery/effort)

+

We ask cyclists to rate their overall
feelings before and after the race so 
we feed this data into the model.



Once the dataset is built…

We applied advanced analytics and created a 
proprietary infotool to easily navigate the data



Why? If we already have software available…

• More advanced analytics. We can predict variables like fatigue or recovery

more accurately

• Coaches give their input from sport sciences and training methods

• Designed specifically for the team, customized

• Feelings (RPE) included as a key complementary variable

• Simplicity. We use just what we need

• All the data from the team available in one tool

• Individualization: one athlete, personal data, graphs and feedback



Our “cocktail” 
of innovation

Massive data 
of quality

R+D in
Sports
Science

Connectivity in 
the cloud

Advanced
analytics, 
individualized
to each athlete



Getting closer to F1: Real-time analysis.

• Velon is pioneering
real-time streaming
(video & data)  

• An opportunity for
telcos?



Getting closer to F1
Connectivity & 
analysis
In real time

Useful information inside
Sport Director’s car



BIG DATA???



BIG DATA???



BIG DATA???



BIG DATA???



BIG DATA???



BUT… WE NEED CONTINUOUS MONITORING
WEEKLY CONTACT COACH-CYCLIST (OR DAILY WHEN NEEDED…)

SKINFOLDS, WEIGTH IN THE COMPETITIONS AND CAMPS

WEEKLY CHAT COACHES-DIRECTOR OF PERFORMANCE (VIA SKYPE)

WEEKLY CHAT DIRECTOR OF PERFORMANCE-RACE MANAGERS-OWNER

ATTENDANCE TO SELECTED COMPETITIONS AND INDIVIDUAL TRAINING 
WORKOUTS WHEN POSSIBLE

THE RELATIONSHIP BETWEEN THE COACH AND THE CYCLISTS MUST BE 
BASED ON CONFIDENCE



And… remember: “That country 
which doesn’t know its past is

condemned to repeat it”











Also, a coach must live the training process
with the cyclist



And if you live it you can enjoy it, and so you
can be closer to the professional excellence!



So, is training like cooking? Is it an art?

Experience, talent, inspiration… based on science and 
data-driven decissions: SCIENTIFIC COOKING-ART!?



BUT, AGAIN! WHAT WE NEED TO CONTROL TO GET THE 
BEST “POPCORN”?

SKILLS

SPORT

TACTICS PSYCHOLOGY - COACHING FITNESS

ATHLETE

SPECIFIC AND INDIVIDUAL CONTEXT 
(material, ergogenic aids…)



We are more and more professionals, WORKING HARD AND WELL!!! 
THANKS!

KERRISON, SANDERS, MATEO-MARCH, DELAHAIJE, VILA… and many MORE!



THANKS VERY MUCH 
FOR YOUR ATTENTION!

Mikel Zabala / Manuel Mateo-March
University of Granada
Movistar Cycling Team

mikelz@ugr.es / TW: @zabalamikel /  Instagram: @mikelzabala111

www.cycling-research.com

mailto:mikelz@ugr.es
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