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INTRODUCTION
CONSIDER:

•	 Every good coach (and sport scientist) considers fatigue and 
performance fluctuations to a point. 

•	 Question arise: How are these daily fluctuations determined? 
How does one determine how much importance should be 
placed on them?

Currently there are many methods being used to set the 
loading for strength-power training (39). The following 
provides rationale and limitations for these methods. 

We have not intended to provide a detailed critical analysis of 
different methods of setting strength-power training loads, but 
to briefly discuss using intensity for sets and repetitions and the 
reasoning for its use. For a more detailed discussion of methods of 
load setting, see Suchomel et al. (38).

The creation of this method (intensity based on sets and 
repetitions) began in 1977. Kyle Pierce and Mike Stone were 
the “Olympic” strength coaches at Louisiana State University 
in 1977. Pierce was also a doctoral student, Stone was also 
an assistant professor in the Department of Health, Physical 
Education, Recreation and Dance. Both of them were competitive 
weightlifters and both had a background in college track and field. 
At that time, there were two primary methods of setting loads: 
using repetition maximum (RM) (training to failure on the last set) 
values and using relative loads based on a percentage of the 1RM. 
They realized that these methods, particularly the RM method, had 
limitations. Thus, Pierce and Stone began a series of observations 
using both trained and untrained subjects with the goal of creating 
a better method of setting loads. The following discussion briefly 
outlines some of the rationale and limitations associated with the 
two methods prevalent in 1977 and more current ideas concerning 
setting loads for various set and repetition schemes. 

PERCENT OF 1RM (RELATIVE INTENSITY)
RATIONALE:
The use of a percentage of 1RM providing a relative intensity (RI) 
has been a standard practice around the world for many years. It 
is simple to calculate and prescribe loads, and is easily understood 
by most coaches and sport scientists. The RI can be calculated by 
multiplying the 1RM by a percent. For example, if an athlete’s 1RM 
squat is 200 kg, then training at an RI of 90 % would be 200 kg x 
0.90 = 180 kg. 

•	 Generally, most untrained and trained athletes can perform 
about the same number of repetitions at a given RI (31). 

•	 There can be differences between males and females and 
larger multi-joint exercise typically result in more repetitions 
than smaller muscle mass exercises (15,26).

•	 Some evidence indicates that endurance athletes can 
sometimes perform more repetitions at low RIs; however, this 
is not true of higher RIs (28). 

•	 Thresholds for increased strength in advanced athletes appear 
to be > 80% 1RM (13).

•	 However, a recent review and meta-analysis indicated that 
there was little influence of sex, age, or training status on 
the repetition to %1RM relationship; thus, this model can be 
applied to most individuals and to all exercises (26). 

PERCENT OF 1RM
POTENTIAL LIMITATIONS:
There are several potential limitations in the use of RI to set 
repetitions ranges. 

•	 As previously indicated, at a given percentage of 1RM, 
particularly lower RIs, endurance athletes can perform a 
different number of repetitions (28). 

•	 Although differences in repetitions are typically small for 
advanced strength-power athletes, especially at high loads, 
not all subjects/athletes are actually performing the same 
amount of work or power output. Stronger athletes will 
perform more work at the same RI (35). 

•	 Fatigue can also alter the 1RM substantially (16). 

•	 Beginners and novices increase their 1RM quite rapidly. As 
a result, periodic (sometimes frequent) measurement (or 
estimation) of the 1RM is necessary to adjust loading. 

RM METHOD
RATIONALE:
This method is used quite often in many studies and to set loads 
for various training programs. For example, three sets of 8 – 12 
repetitions were commonly prescribed (using this scenario, failure 
should occur during the last set) once all 12 repetitions can be 
performed, the weight is increased. The rationale is based on the 
observations that: 

•	 Beginners progress too fast to base loads on the 1RM (3). 

•	 At the same percentage of maximum, a different number of 
repetitions can be performed for different exercises (26,31).

•	 Different lifters can perform different numbers of repetitions 
at the same percentage for the same exercise (15,28).

•	 When failure is reached, it is believed that the athlete is 
always performing a relative maximum contraction and 
recruiting all the available motor units (34).
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POTENTIAL LIMITATIONS:
•	 Promotes consistent training to failure (produces relative 

maximum consistently) difficult to manage accumulative 
fatigue, prolongs recovery, and potentially promotes non-
functional overreaching and overtraining (5,7,24).

•	 Difficult to prescribe a given “dose” (i.e., workload).

•	 At different times, the same athlete can perform a different 
number of repetitions with the same weight. So, inconsistent 
values for work/power output can occur and, therefore, 
not everyone is performing the same relative work or 
power output as the set and repetition scheme is altered 
with fatigue (25).

•	 Several reviews and studies have indicated methods using 
training to failure produce equal or often inferior strength-
power results compared to not training to failure (7,23,30,42), 
and generally inferior results, particularly for strength and 
power when volume is not equated (11,42).

AUTOREGULATION
RATIONALE:
Autoregulation is a recently revised idea, which has been around 
since at least the 1940s (8). Autoregulation is a resistance training 
prescription approach attempting to adjust training variables 
based on an individual’s daily fluctuations in performance, which 
are a result of training-induced fitness and fatigue, together with 
readiness from daily non-training stress (10,18). Typical methods 
of autoregulation include repetitions in reserve (RIR) and velocity-
based training (VBT).

REPETITIONS IN RESERVE
RATIONALE:
The proximity to failure to which a resistance training set is 
taken, or the number of repetitions in reserve at the end of a 
set, can substantially impact the rate of muscle hypertrophy and 
strength adaptation.

•	 At a given absolute or relative load, individuals can perform a 
different number of repetitions.

•	 If every athlete terminates a set with the same number of RIR, 
they should have a similar training effect. 

•	 Load is prescribed based on a given RIR number.

•	 Autoregulation is highly context-specific and should be 
viewed as an adjunct to existing practice, rather than as an 
alternative or a replacement.

POTENTIAL LIMITATIONS:
•	 Researchers have used various methods to control for 

proximity to failure and have used various definitions of the 
term “failure” itself. Because of the varying methods and 
definitions of failure, there is considerable ambiguity in the 
number of RIR per set individuals can train to maximize 
hypertrophy and strength (27).

•	 Based on meta-analysis, the dose-response relationship 
between proximity to failure for strength gains appears to 
be different from its relationship to muscle hypertrophy 
alterations. Based on meta-analysis, it appears that only 
hypertrophy is meaningfully impacted by RIR. Strength gains 
appear to be similar across a wide range of RIR, while muscle 
hypertrophy is enhanced as sets are terminated closer to 
failure. Considering the RIR estimation procedures used, 
which are not consistent or always clear, the exact relationship 
between RIR and muscle hypertrophy and strength remains 
imprecise at best (29).

•	 If the athlete predicts the RIR for a given load before initiation 
of the set, they potentially bias themselves and may limit RIR 
to what they predict or very close.

•	 If the athlete call out how many repetitions they have in 
reserve in the middle of the set, then this could change the 
athlete’s focus and potentially alter performance.

•	 If the athlete stops at some point during a set to state, “I 
have X RIR,” how does the investigator know they could not 
perform more (or less)?

•	 If velocity stops are used to help predict RIR based upon 
the load-velocity relationship, this does not appear to work 
proficiently because of the innate issues with VBT (18).

•	 RIR reliability has not been shown to be particularly effective, 
although it appears to improve with training and as the load 
approaches maximum (9,14,20,32). 

VELOCITY-BASED TRAINING
RATIONALE:

•	 VBT is a method of determining the velocity of movement, 
in real time, and involves adjusting the load of an exercise 
accordingly (17). Tracking velocity necessitates the use of 
an instrument. 

•	 Currently, the most commonly used instrumentation appears 
to be linear position transducers and accelerometers, typical 
examples of which are the GymAware device and the PUSH 
Band. VBT often uses a method of predicting 1RM through 
use of a minimum velocity of movement. Either peak or mean 
velocity can be used; however, mean velocity appears to be 
more stable (6).   

•	 Initially, velocity is measured for a number of loads that are 
a percentage of the athlete’s 1RM. A best fit line is used to 
predict (interpellated) the intersection of velocity measured 
for each load and the load representing 1RM (Figure 1). 

•	 For training, intensity zones have been created based on a 
percentage of the predicted 1RM (22). These zones can be 
used for training different aspects of performance fitness 
such as speed-strength, acceleration, and maximum strength. 
Slightly different velocities may be found in the literature 
used depending upon the author; however, the basic 
principle is the same. 
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This method requires velocity profiling (Figure 1):

POTENTIAL LIMITATIONS:
•	 There can be reliability and theoretical problems.

•	 Depends on the device used, and devices are often relatively 
expensive (1,21). 

•	 Some studies and reviews have found good reliability (44), 
but may need caution as displacement accuracy may be 
suspect (2,43).

•	 Other studies and reviews have found relatively poor 
reliability (12,22,33,40,43).

•	 Banyard et al. showed that the actual measured 1RM was 
more stable than the prediction for 1RM and particularly for 
percentages of 1RM (three separate days); primarily as a result 
of substantial velocity changes from day to day (N = 17) (4).

•	 Vernon et al. support Banyard et al.’s contention as they note 
that when using VBT measures, meaningful variability of the 
mean velocity and peak velocity may last up to 96 hr after 
strength- or power-oriented training sessions (n = 15) (4,41).

•	 Indeed, the entire conceptual basis of VBT may be 
questionable (19).

USE OF PERCENTAGES OF SETS AND REPETITIONS
RATIONALE:

•	 The authors have been using this method successfully, in both 
research and training, for nearly 50 years (7,36,37).  

•	 Workloads are easy to calculate.

•	 Obviates accumulative differences in 1RM.

•	 To an extent, it obviates differences in performance 
(repetitions to failure and velocity) at different percentages 
because differences have already been accounted for 
by establishing (estimation) a maximum for a given 
(individualized autoregulation) set and repetition protocol.

•	 Relatively easy to plan progression.

•	 To an extent, it accommodates for fatigue levels (intensity and 
loading range) as a type of autoregulation.

In order to implement this method, the 1RM (or a reliable 
estimate) must be first measured. In 1978, Pierce and Stone 
made observations using weight training classes, dealing with 
the 1RM and its relationship to being able to complete various 
set repetition routines, primarily using the squat and bench press 
(36). The results are shown in Table 1. Later (1978 – 1979), using 
advanced weightlifters and throwers, the data shown in Table 1 
was corroborated. 

This observation was repeated by Jacob Reeves, then a PhD 
student at East Tennessee State University. Using the volleyball 
team, he found the same result (36). The data presented in Table 
1 represent a guideline of values for set and repetition protocols 
so that every athlete could achieve the prescribed protocol. While 
these values may be very heavy for some athletes, this can be 
easily adjusted by the strength and conditioning coach to provide 
the required stimulus. These general guidelines were carefully 
worked out and have been used over several years. Each protocol 
can be further divided into intensity ranges such that intensity and 
work can be manipulated in a reasonable manner (Table 2). Table 
3 provides an example of this method. Using this table allows easy 
construction of heavy and light days (35).

FIGURE 1. METHOD OF CREATING VBT PARADIGM
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It is important to note that the percentage differences are 
guidelines. Adjustments for optimal repetition ranges can be made 
(usually within a week) as training proceeds. Demonstratable 
session accumulation (e.g., struggling to accomplish the 
exercise protocol in the previous session, athlete monitoring) or 
subjective fatigue can be partially accounted for by using the 
intensity ranges.    

In this context, again note that there is a range established in 
the intensity table (Table 2). For example, a “very heavy” (VH) 
day is estimated to be 3 x 5 = 170 kg and the present session 
is at “medium heavy” (MH), then; 170 x 0.90 = 153 kg or 170 x 
0.85 = 145 kg depending on the level of fatigue. Therefore, the 
athlete would perform 3 x 5 with 145 – 153 kg. If the athlete is not 
performing at their best, use the lower weight. Importantly, the 
athlete should not make judgement of load selections only based 
on their “subjective” feelings; they should start warming up first, 
consult with their strength and conditioning coach, then make a 
more educated decision—a reasonable form of autoregulation. 
An example of the progression across two concentrated loads is 
provided in Table 4. 

TABLE 1. GUIDELINE (1978) – APPROXIMATE PERCENT DIFFERENCE

TABLE 3. EXAMPLE OF THE USE OF INTENSITY RANGESTABLE 2. SET REPETITION INTENSITY RANGES
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POTENTIAL LIMITATIONS:
•	 It can take a little time and work to understand 

the basic concept.

•	 Sometimes somewhat difficult to implement, especially with 
new athletes, and arrive at good estimation of repetition RMs.

•	 In a sport setting, it initially requires somewhat more time and 
effort on the strength and conditioning staff to recognize and 
address all of the athletes’ strengths and weaknesses.

SUMMARY
This article has offered a brief description of various methods 
for setting resistance training loads. The discussion has focused 
on implementing relative intensities using the percentage of 
set and repetition best strategy. It is the opinion of the authors 
that this method provides several advantages not shared by 
the other methods.
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Performance Science within the School of Sport Sciences, College 
of Applied Human Sciences at West Virginia University. His primary 
responsibilities include overseeing the strength and conditioning 
and applied sport science aspects within the coaching and 
performance science curriculum (bachelors, masters and doctoral) 
along with directing a strength and conditioning program that 
provides strength and conditioning to three local high schools. 
In 2024, he was named National Strength and Conditioning 
Association (NSCA) Educator of the Year. His research interests 
include athlete assessment and monitoring, and strength power 
adaptations to resistance training. He currently is Co-Head Coach 
for West Virginia Weightlifting and has previously served as a 
strength coach at the National Collegiate Athletic Association 
(NCAA) Division 1 level and within United States Special Operations 
along with previously being a volunteer coach (throws) for West 
Virigina University track and field.
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Jacob Reed is an Associate Professor in the Department of 
Kinesiology and Athletic Training at the University of Northern 
Iowa, where he teaches courses in exercise physiology, fitness 
assessment, and strength and conditioning. He has held the 
Certified Strength and Conditioning Specialist® (CSCS®) credential 
from the National Strength and Conditioning Association (NSCA) 
since 2010. His research interests include athlete monitoring, 
performance testing, and behavioral strategies related to recovery, 
sleep, and nutrition. Reed is also active in curriculum development 
and mentoring students pursuing careers in sport performance and 
health-related fields.

Meg Stone is a two-time Olympian competing in the discus 
for Great Britain and she was a gold Medal winner in the 1982 
Commonwealth games. Stone competed in track and field for 
the University of Arizona and still holds the National Collegiate 
Athletic Association (NCAA) shot and discus collegiate record. 
Stone took the position of Head Strength and Conditioning Coach 
at the University of Arizona in 1984, the first woman to hold such a 
position. She moved into the same position at Texas Tech in 1994. 
Stone returned to track and field in 1996 as the Associated Head 
Track and Field Coach at Appalachian State University. In 1999, she 
returned to her native Scotland to become the National Track and 
Field Coach, the first woman in Europe to hold a national coaching 
position. Stone has coached several international level athletes in 
both the United States and Great Britain, including four Olympians 
(throwers, jumpers, and sprinters) and two world championship 
medallists in weightlifting. Upon coming to East Tennessee State 
University (ETSU), she was the track and field throws coach and 
the head of the ETSU Sports Performance Enhance Consortium. 
Currently, Stone is the Head of the Center of Excellence for Sport 
Science and Coach Education and the ETSU Olympic Training 
Site. She is a Fellow of the National Strength and Conditioning 
Association (NSCA) and is certified through the NSCA and United 
Kingdom Strength and Conditioning Association (UKSCA). 
Additionally, Stone is a Registered Strength and Conditioning 
Coach Emeritus (RSCC*E) with the NSCA. 

Marco Duca is an Assistant Professor in the Department of 
Sport, Exercise, Recreation and Kinesiology, and the Director of 
Performance for the Center of Excellence for Sport Science and 
Coach Education at Eastern Tennessee State University (ETSU). He 
earned a PhD in Integrated Biomedical Research at the University 
of Milan, where he later served as Adjunct Professor teaching 
training methods. Alongside his academic training and career, 
Duca has worked as a strength and conditioning coach for the 
Italian National Rugby Union Team Junior Academy and then as 
sport performance data analyst at Hellas Verona Football Club, a 
professional Serie A football team.

Satoshi Mizuguchi is an Assistant Professor in the Department of 
Exercise and Sport Science and the Head Coach for the Olympic 
Training Site Weightlifting Team at East Tennessee State University. 
He received his PhD in Sport Physiology and Performance from 
East Tennessee State University in 2012. He received his Master’s 
degree in Exercise Science from Appalachian State University 
and his Bachelor’s degree in Exercise Science from Winona 
State University. He has been actively involved in strength and 
conditioning and sport science, and has worked with numerous 
collegiate sports, including soccer, volleyball, softball, football, 
tennis, golf, gymnastics, and basketball, among others. His 
research interests include athlete performance monitoring using 
vertical jumping, development of strength and explosiveness, 
measurement and monitoring of total training volume, and 
weightlifting performance.

Kyle Pierce is a Professor at Louisiana State University in 
Shreveport and serves as the Human Performance Laboratory and 
Weightlifting Center Director. He has coached weightlifting athletes 
from their first day of training throughout to Olympic Games and 
World Championships and has coached both United States of 
America and Ghana at international weightlifting competitions 
including Olympic, African, Pan American, and Commonwealth 
Games. Since 2000, he has been a member of the International 
Weightlifting Federation Coaching and Research Committee and is 
a member of the Pan American Weightlifting Federation Coaching 
and Research Committee. He received the United States Olympic 
Committee’s “Doc” Counsilman Science Award for a coach that 
utilizes scientific techniques and equipment as an integral part of 
his or her coaching methods or has created innovative ways to use 
sport science. In 2017, he was inducted into the USA Weightlifting 
Hall of Fame and into the International Weightlifting Federation 
Hall of Fame in 2023.


