
A Science-Based Interval Training Program
The following are recommendations for developing a personal or group modern Interval Training Program. It assumes the 
participants are generally experienced runners seeking to improve their road-racing performance. In particular, this ITP focuses 
on improving anaerobic muscles, which traditional ITP drills do not specifically address.

First, some physiology basics for the program. This is a brief synopsis. For those interested in a more thorough discussion, see 
“Science Basics” below.

Aerobic (With Oxygen): Long-distance jogging, marathons, ultra-marathons, and casual, steady-paced running are aerobic 
because your heart and lungs can supply enough oxygen to fuel your muscles continuously. You can usually sustain this for long 
periods and talk comfortably without gasping. Primarily recruits Slow-Twitch (Type I) fibers, which are highly resistant to 
fatigue and designed for endurance.

Anaerobic (Without Oxygen): Short bursts of high-intensity effort, such as sprinting or a quick finish at the end of a race, are 
anaerobic. Your body cannot keep up with the oxygen demand, and instead it relies on energy stored in the muscles, which lasts 
about 6 minutes for ordinary runners. While specific depletion times vary based on fitness, high-intensity anaerobic glycolysis 
can rapidly exhaust localized muscle energy stores. The muscles release lactate proportional to the current load so that the 
hypothalamus can control the heart rate accordingly.

The following are the approximate muscle utilization factors for the two types:

In general, there is no standard agreement about these ratios. Just use them 
as a general indication.

Anaerobic muscles are the main factor for race distances less than 10K and only marginally helpful for marathons, as seen in this 
table. In general, most experienced runners have about 6 minutes of pure anaerobic muscles. If one watches road races on 
YouTube, you’ll see that all marathons, 10Ks, and up are won by 1, 2, or so runners who break free from the pack.

Individual and group training: Participants must be careful when training with groups. They must run their intervals with 
others of the same ability and similar speed. Note: This differs from high school and college track teams, where the runners have 
about the same inherent speed (e.g., 5min/mile). If the participant is inherently faster than a particular group, they will not get the 
full benefit of the program. Conversely, if the participant is slower than the group, they risk injury and frustration.

Establishing your benchmark: This program requires that you determine your optimal interval segment running speed. This is 
easily done by measuring and using the “v” (speed) portion of your vV02max test. “v” is your velocity at VO2max, which is the 
maximum volume of oxygen that can be utilized for energy per unit body mass per minute. O2mL/(kg·min).

Run as far and fast on a hard level surface as you can for exactly 6:00 minutes. Do not use soft surfaces as they absorb some of 
the rear foot push-off force. Carefully note the distance that you ran and calculate your speed in meters/sec and minutes/mile. See 
“Calculation” below.

The Calculation: Convert your total distance in meters to seconds, then divide to get meters per second (m/s). For example: if 
you run 1,500 meters in 6 minutes (360 seconds), then 1,500 ÷ 360 = 4.16 m/s (about a 6:25 mile pace).

The Interval Training Routine: the particulars for your training sessions:
The venue really doesn’t matter. Either tracks or out-and-back courses are equally good. Tracks have been the focal point of 
performance training for 100+ years, since they were associated with schools and colleges’ track and field teams. Tracks have 
two advantages: They are flat, and most runners feel energized on the track.

The particulars for your interval-training sessions: For your track intervals, use 1/2 of your vVO2max 6:00 min test measured 
distance. For your non-track venue, use 3:00 min on a relatively flat course. A convenient venue is to run outbound for 3:00 min, 
rest for 1:00 min, and then run 3:00 min back to the start and rest 1:00 min. That’s two reps.



The current buzz term is 4×4s. It’s not really new; it’s been around for 20+ years. Interestingly, it’s basically the same procedure 
as resistance training at the gym. The procedure is:

• 4 sets of...
• 3:00 mins at your VO2max pace. 
• 1:00 min of recovery. 

How many 4×4s should be run at the scheduled session each week? Start with 4 and as you improve, increase to 5 or 6, no more. 
Note in “Additional Recommendations”: Run 3-min sprints at your vVO2max pace following all your weekly training runs.”

Professor Billat, states: “Three to four repetitions of five minutes of effective high intensity interval training per week (~20 
minutes) can result in an increase in both glycolytic and oxidative muscle enzyme activity, maximum short-term power output, 
and VO2max. The challenge for coaches is to NOT OVERDO this form of training. It is particularly debilitating when 
experienced in excessive amounts.” See her full intervals analysis in the “Science Basics” links below.  

Additional recommendations:
• Don’t waste time and muscles with extravagant warm-up routines. Sixty seconds in-place super-stepping speed with a 

little very slow jogging is quite adequate. 
• Run a 3:00 sprint at your vVO2max pace drills following all your other weekly training runs.  
• Train using typical road-running courses [i.e, out-and-back or big circle] and not trail-running courses and convoluted 

trails.
• Train using time rather than distance for all your regular training runs. Our brains know nothing about distance. It is very 

good about time and current running speed. 
• Run all your training runs at about 10% longer and 10% slower than their intended upcoming race. This is especially true 

for ½ marathons and longer.  

A super standard practice for those training for road-racing, any distance. Make it a practice to finish ALL regular runs by 
running the last 3min at their VO2max pace. And, when nearing an upcoming race, do 2 or 3 3:00 min run x 1 min recovery drills. 
This trains one’s central governor to allow sprinting to the finish line.

Science basics:
For those interested in the science behind this Interval training program, see these references. These are hyperlinks to the articles 
on RiderSite.org.

• AboutBillat-Intervals-Mackenzie  
• AboutBillatIntervals  

The following is an AI response to “vVO2max (velocity at maximal oxygen uptake):
vVO2max (velocity at maximal oxygen uptake) is the minimum running or swimming speed at which your body hits its absolute 
maximum oxygen consumption (VO₂max). It is a critical performance indicator because it bridges cardiovascular fitness with 
mechanical efficiency, and it is highly actionable for setting interval training paces.

Why vVO2max Matters:
While traditional VO₂max measures how much oxygen you can process, vVO2max measures how fast you need to run to reach 
that ceiling. Two athletes might have identical VO₂max levels, but the one with a higher vVO2max will be faster because they are 
more efficient.

How to Find Your vVO2max speed:
Instead of a laboratory test with a gas exchange mask, you can estimate your vVO2max with a field test popularized by exercise 
physiologist Veronique Billat:{see my articles above}

The 6-Minute Test: Warm up thoroughly, then run as fast and far as you can on a track for exactly 6:00 minutes.

Most athletes can only sustain their vVO2max for 6 to 10 minutes before hitting exhaustion. To improve this metric, coaches 
often prescribe high-intensity interval training (HIIT). A common workout includes "30-30" or "60-60" intervals where you 
alternate running at your vVO2max pace with an equal duration of slow walking or standing.
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