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 The purpose of this research was to investigate how accurate trained lifters were 

at gauging intra-set rating of Perceived Exertion (RPE) in the squat, bench press, and 

deadlift. Ten resistance-trained males completed four sets to failure with 80% of their 

one-repetition maximum (1RM) and verbally indicated when they believed they were at a 

“6” and “9” RPE. Across all sets and all lifts, the called 9 RPE was more accurate than 

the called 6 RPE. Additionally, RPE calls were more accurate during set four vs. set one 

on the squat and deadlift at both the called 6 and 9 RPEs. Further bench press RPE calls 

were more accurate than squat  and deadlift RPE at the called 6, while both bench and 

deadlift RPE calls were more accurate than squat RPEs at the called 9. Importantly across 

all sets all RPE calls assessed repetitions in reserve within one repetition of precision. 
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I. INTRODUCTION

 The amount of repetitions, which can be performed at a specific intensity of one 

repetition maximum (1RM), is highly individual. Specifically, a recent investigation 

observed that a range of 6-26 repetitions were performed in trained lifters at 70% of 1RM 

in the back squat (5). Consequently, prescribing a set number of repetitions at a 

percentage of 1RM could lead to highly varying degrees of difficulty between 

individuals. The repetitions in reserve (RIR)-based rating of perceived exertion (RPE) 

scale was developed to account for this issue by allowing individuals to rate the number 

of RIR at the completion of a set (44). Therefore, the RIR-based RPE scale can be used in 

lieu of percentage of 1RM to prescribe training load. Specifically, a training program 

could prescribe four sets of eight repetitions at an 8 RPE (2RIR) rather than prescribing 

sets of eight repetitions at 70% of 1RM, which would equate per set difficulty across 

individuals and rectify the limitations of percentage of 1RM load prescription. 

Furthermore, if RPE scores are too high or too low to meet the RPE goal, load can be 

adjusted based upon the scale, which is referred to as autoregulation (27). 

 Indeed, a recent investigation from Helms et al. (14) demonstrated that trained 

lifters received a small effect size benefit for squat(0.50) and bench press (0.20) strength 

when autoregulating load prescription with RPE versus percentage of 1RM over eight 

weeks of training. However, it is important to note that the utility of intra-session RPE is 

predicated upon the accuracy of the rating. Zourdos et al. (44) found that experienced 
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lifters gauged RPE more accurately at intensities ≥90% in the squat and Ormsbee et al. 

(27) replicated those findings at 100% of 1RM in the bench press. However, these 

investigations also reported a large variance in RPE reported when only one repetition 

was performed at 70% of 1RM, suggesting that it is difficult to assess RIR when far from 

failure. Indeed, Hackett et al. (11) found that individuals could report RIR with an 

accuracy of ±1 when 0-3 repetitions from failure in the chest press and leg press (11). 

Further, the accuracy of RIR has been shown to increase from set-to-set (13), likely due 

to fewer repetitions being performed in subsequent sets. However, the data regarding 

intra-set RIR accuracy has only been performed on the bench press, chest press, and leg 

press with only the bench press at 70% of 1RM being analyzed across multiple sets (13). 

Therefore, it is not known if intra-set or between set differences in RPE accuracy would 

be similar on the squat and deadlift or at higher intensities. 

 Importantly, the only study assessing RPE accuracy during multiple repetitions in 

the squat examined if powerlifters could effectively choose a load that would result in 

meeting a pre-determined RPE after eight repetitions (15). Thus, this data related to the 

squat was self-reported and it cannot be known if the RPE was truly accurate. The 

deadlift, similar to the squat and bench press, has had RPE validated with velocity, in that 

as deadlift load increased there was a concomitant decrease in velocity and increase in 

RPE (18), however, to our knowledge there is not data examining the accuracy of 

reporting RIR-based RPE in the deadlift. 

 Therefore, the primary aim of this study was to examine the accuracy of gauging 

intra-set RIR-based RPE when verbally called by the lifter at a perceived “6” and “9” 

RPE before continuing the set to volitional failure across multiple sets in the squat, bench 
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press, and deadlift at 80% of 1RM in trained males. We hypothesized that intra-set 

accuracy would be the same across all three lifts and accuracy in all three lifts would be 

more precise at the “9” vs. “6” RPE. Additionally, we predicted that the accuracy of both 

the called “6” and “9” RPEs would improve in subsequent sets due to fewer repetitions 

per set as a result of fatigue
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II. REVIEW OF LITERATURE REVIEW

I. RESISTANCE TRAINING ADAPTATIONS 

When an individual first starts to resistance train, strength gains are primarily due 

to neural adaptations (26). After a couple of months, hypertrophy is the dominant factor 

(26,38). Hypertrophy occurs when protein synthesis is greater than protein breakdown.  

Manipulation of acute training variables (i.e. exercise selection and order, intensity, 

volume and duration, frequency and rest intervals) causes mechanic and metabolic stress 

on the body (33,40). Frequency can be described as how often an exercise is performed. 

More frequent training generally produces greater strength gains than less frequent (20) 

but this does not take into account other variables. Volume is the total amount of work 

done (reps x sets x weight) (4). It has been determined that volume is the driving factor of 

skeletal muscle adaptations (24). Intensity in resistance training can be defined as how 

much (or the load) lifted. This can be determined off of a 1RM or by using RIR-RPE. 

RIR based RPE scale has shown to be effective for regulating daily training load (27,44). 

Due to the desirable outcomes of manipulation of these training variables, it is necessary 

to monitor training load. 

II. TOOLS TO MONITORING TRAINING LOAD 

In a periodized program, load is typically determined by a specific percentage of 

the athletes’ predetermined 1RM (7). 1RM tests may not be accurate due to test 

administrator errors or poor performance which could potentially result in inadequate 

loads being prescribed in training (44). 1RM’s conducted in novice individuals do not 
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provide accurate information (36) therefore subsequent loading based off this number 

would be incorrect. Certain tables are available that show repetitions allowed at different 

percentages of 1RM (1) but these do not account for the inter-individual variations in 

how many repetitions can actually be completed at these same percentages of 1RM. 

Other than percentage based programming, a RM training zone (i.e. 3-5, 6-8, or 9-11 

repetitions) has been a common way to determine training load (7) but has similar 

limitations regarding the 1RM testing. The result of inaccurate training loads could 

negatively affect neuromuscular adaptations for optimal training.   

Variation in human performance may be due to psychological variability and 

factors such as sleep (3) , nutrition (19), and life stress (2) which all could potentially 

affect strength during training. Autoregulation is the practice of adjusting training 

variables in response to athlete feedback (27). Use of autoregulation with intensity 

progression from week to week has been shown to have greater strength progress versus a 

fixed progression (25). Higher training volume and increased intensity are related to 1RM 

performance (30,31,34). Volume autoregulation is also beneficial as moderate volume 

produced greater strength gains compared to both low and high volumes (9). Though 

volume has been shown to be the main driver of muscular adaptations, too much volume 

may negatively affect recovery. Thus, autoregulation can be a useful tool to ensure the 

proper stimulus is being placed on the body.  

 It has been shown that movement velocity slows concurrently with diminished 

force production (37) thus, measurements of average concentric velocity can be taken to 

autoregulate session volume. Average concentric velocity can be measured using a linear 

position transducer attached to the barbell (8,32). Velocity stop is a method of 
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autoregulation that uses this device and once velocity falls below a pre-determined 

threshold compared to the fastest or first repetition of the set, the set may be terminated 

(10,23,28,37). This method has shown to be effective as it can autoregulate volume to 

achieve the desired adaptations mentioned previously (23,29).  

III. RIR-BASED RPE 

 Velocity stop can be useful as it allows for autoregulation of volume but linear 

position transducers can cost more than $1,000 making it less viable for all lifters. Thus, 

using the RIR-RPE scale (17,44) may be a more practical option for volume 

autoregulation since it does not cost any money and there are strong inverse correlations 

between velocity and RPE in powerlifters (squat: r = -0.87, bench press: r =- 0.79, 

deadlift: r = -0.82) (14,27). The use of RPE stop produced greater combined lift volume 

(sum of squat, bench press and deadlift volume) during higher RPE stop percentages 

(15). This makes it a viable tool of autoregulation to implement in training to account for 

daily fatigue. Recovery and progress rates amongst individuals vary widely therefore the 

use of RPE can account for these individual differences (6,39) and be used as an accurate 

method of autoregulation.  

 RPE-RIR was looked at during daily 1RM training and there were significant 

inverse relationships between daily RPE at 85% and daily 1RM (P1: r = -0.70; P2: r = -

0.50, and P3: r = -0.35) (42). Therefore, RIR-RPE may be a good indicator of 

performance during training and adjustments may be made to determine daily training 

load. The RIR-based scale puts individuals on a “level playing field” and account for the 

day to day fluctuations due to the above mentioned variations in performance.   
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IV. ACCURACY OF RIR-BASED RPE 

 The RPE scale is an estimate and its success is dependent on its accuracy. 

Individuals were asked to complete five sets of 10 at 70% of 1RM and record RPE after 

each set in squat and bench. Participants reported RPE ratings that were short of maximal 

even when taken to volitional failure but were more accurate with each subsequent set 

(13). Looking into the individualization of lifters and the use of the RIR-RPE scale, 

experienced squatters provide more accurate scores at 1RM vs novice squatters and there 

the inverse association between scores and velocity was stronger in experienced versus 

novice squatters (44). As intensity increases, the speed of the movement decreases which 

therefore this inverse relationship shows that these lifters have higher neuromuscular 

efficiency in regards to maximal strength thus validating the RIR-based scale (44). It was 

also found that experienced lifters are more consistent at gauging RIR as they approach 

failure (44). Experienced lifters are more familiar with their training and how they adjust 

therefore novice lifters need to continue to practice using this scale over time which could 

lead to more accurate load selection.  

 When looking at in the accuracy of the RIR-RPE scale, RPE was closer to the 

target for bench press compared to squat during hypertrophy session (15). This may be 

due to that fact that squats require more technical skill and cause more systemic fatigue 

because of the amount of musculature involved. Therefore, a greater chance of error in 

technique is present, causing greater variability in RPE.  Hackett et al. (11) looked at the 

accuracy ERF and showed that accuracy differed over the actual repetitions to failure 

(ARF) of 0-10 for both exercises, with accuracy in ERF decreasing as ARF increased. 

RIR was reported to be more accurately estimated when repetitions were within 0-3 of 

failure (11). This shows that accuracy depends on the state of fatigue of the individual. 
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Being able to assess how close one is to failure is important for proper prescription and 

monitoring (11). This will allow for proper stimulus and adequate recovery thus leading 

to optimal muscular strength and hypertrophy adaptations. While this study produced 

some novel information, it was conducted in the leg press and chest press only and not 

the main lifts. It also only used 70% of 1RM and the more repetitions completed, the less 

accurate RIR may be.    

V. CONCLUSION 

 Autoregulation has been proven to be an effective tool in monitoring training 

load. A limitation of the scale is that if it is not accurate, then it is not useful. Therefore, 

this study aims to look at the accuracy of the RIR-RPE scale in the squat, bench press and 

deadlift at sets to failure with 80% of 1RM. 
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III. METHODOLOGY 

EXPERIMENTAL DESIGN 

The aim of this study was to examine the accuracy of reporting intra-set RPE and 

if the accuracy changes across multiple sets in the squat, bench press, and deadlift. 

Subjects reported to the laboratory for a total of eight sessions over a 3.5-week period. 

On day one of week one subjects reported to the laboratory to complete preliminary 

paperwork (health history and physical activity questionnaires) and have anthropometrics 

assessed. Next, subjects completed a five-minute standardized dynamic warm-up 

followed by validated (44) 1RM testing for the squat, bench press, and deadlift on the 

same day followed by a light training session, 48 hours later,  for all three lifts (two sets 

of eight repetitions at 65% of 1RM). Next, 72 hours following light training subjects 

reported for day one of week two, in which they performed four sets of either the squat, 

bench press, or deadlift to volitional failure at 80% of 1RM. During each set subjects 

verbally indicated when they believed they were at a “6” or “9” RPE. There were 96 

hours rest following this training session at which time subjects performed the same light 

training session as week one. Weeks three and four served exactly as week two except the 

two exercises not performed in the week one day one training session were performed. 

The weekly order in which exercises were performed was counterbalanced. A timeline of 

the protocol can be seen in Table 1. 
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Table 1: Timeline of Events 

 Day 1 Day 2 Day 3 Day 4 Day 5 

Week 1   HHQ 

 PAQ 

 AM 

 1RM 

Testing 

   LTS 

Week 2  TP     LTS 

Week 3  TP     LTS 

Week 4  TP     LTS 

Health History Questionnaire (HHQ), Physical Activity Questionnaire (PAQ), 

Anthropometric Measurements (AM), Light Training Session (LTS), Training Protocol 

(TP: 4 sets to failure at 80% of 1RM-one-repetition maximum). 

 

SUBJECTS 

 Ten college aged (18-40 years old) males were recruited. For inclusion, all 

subjects must have performed the back squat, bench press, and deadlift exercises an 

average of at least once per week for at least two consecutive years as determined via the 

validated physical activity questionnaire (44). All subjects must have been able to squat 

and deadlift at least 1.5 times their body mass (BM) and bench press at least equal to their 

BM. Subjects who had any contraindications to exercise (i.e. heart disease, serious 

musculoskeletal disorders, injuries, etc.) as determined via the Health History 

Questionnaire, were excluded from participation. Additionally, all subjects were required 

to refrain from exercise for 48 hours prior to the 1RM testing session and refrain from 

additional exercise or supplementation outside of the study during the entirety of the 3.5 

week protocol. Finally, the University’s Institutional Review Board approved this 

investigation prior to data collection and all subjects provided written informed consent 

prior to participation. 
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Table 2: Subject Characteristics 

  
Age 
(yrs) 

Height 
(cm) 

Body Mass 
(kg) 

Body Fat 
(%) 

TA 
(yrs) 

REX 
Wilks 
Score 

Mea
n 

24.8 173.43 81.422 13.64 6.4 
2.7
3 

306.24 

SD 3.79 8.57 16.43 7.01 3.87 
1.4
9 

66.13 

TA=Training Age, REX = RPE Experience: 1=Use RPE all the time, 2= frequently use 

RPE, 3= sometimes use RPE, 4= have used it a few times, or 5=Never use RPE. 

 

INTRA-SET RATING OF PERCEIVED EXERTION SESSIONS 

 On day one of weeks two, three, and four subjects performed four sets to 

volitional failure with 80% of 1RM on the squat, bench press, and deadlift. Only one of 

the exercises was performed each week and the order in which they were performed was 

counterbalanced across subjects.  

Each session began with a brief five-minute dynamic warmup, followed by a 

specific warmup for that week’s exercise wherein the subjects performed five repetitions 

with 20% of their 1RM followed by three repetitions at 50% of 1RM. Next, the four sets 

to volitional failure at 80% of 1RM was performed, with five-minutes of rest between 

sets. Repetitions were only valid if they met the standard set forth by the International 

Powerlifting Federation (38).  For the deadlift, subjects were required to keep their hands 

gripped on the bar throughout each set, however repositioning of the feet between 

repetitions was permitted.  

To assess intra-set RPE accuracy subjects were asked to verbally indicate when 

they believe they are at a “6” and “9” RPE, during each set and then continue to failure. 

Furthermore, the scale was shown and explained to each subject prior to each set. Both 

predicted repetitions to failure at each called RPE and actual repetitions performed were 

recorded then compared for analysis. Next, the difference between the actual and 
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predicted repetitions performed (actual repetition-predicted repetitions) was recorded as 

the RPE difference (RPEDIFF) for both intra-set RPEs. 

Figure 1: Resistance-Exercise-Specific-Rating-Of-Percieved-Exertion-(RPE) 

RESISTANCE EXERCISE-SPECIFIC RATING OF PERCIEVED EXERTION (RPE) 

Rating Description of Perceived Exertion 

10 Maximum effort 

9.5 No further repetitions but could increase load 

9 1 repetition remaining 

8.5 1-2 repetitions remaining 

8 2 repetitions remaining 

7.5 2-3 repetitions remaining 

7 3 repetitions remaining 

5-6 4-6 repetitions remaining 

3-4 Light effort 

1-2 Little to no effort 

Zourdos et al. 2016 

 
LIGHT TRAINING SESSIONS 

 A light training session was included for the squat, bench press, and deadlift 48 

hours after 1RM testing, and 96 hours post-exhaustive training sessions each week to 

avoid detraining on those exercises (35). An exercise specific warmup was performed 

prior to each exercise in the light training session consisting of five repetitions with 20% 

1RM, followed by three repetitions at 50% 1RM, then two repetitions at 60% 1RM with 

self-selected rest intervals. Subjects then performed the light training consisting of three 

sets of five repetitions at 70% of 1RM with five minutes of rest between sets and 

exercises.  
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TESTING PROCEDURES 

Anthropometric Assessments 

Total BM (kg) was measured by a calibrated digital scale (Mettler-Toledo, 

Columbus, Ohio, USA.) and body fat percentage (BF%) was estimated using the average 

sum of three skinfold thickness measurements acquired at three separate sites (abdomen, 

anterior thigh, and chest). The Jackson and Pollock equation was used to calculate BF% 

(22) and all anthropometric measurements were assessed by the same investigator.  

Wilks Score 

 Relative strength was assessed using the Wilks Coefficient and has been validated 

as a measure of relative strength (41). It is used during USAPL sanctioned competitions 

and is calculated by multiplying the weight lifted by a standardized bodyweight 

coefficient number.  

RPE Experience 

 To assess RPE experience, subjects completed a 1-5 Likert scale as follows: 1-“I 

use it all the time”, 2- “I use it frequently”, 3- “I use it sometimes”, 4- “I have used it a 

few times”, 5- “I have never used it”.  

Training Age 

 Training age was assessed as years consistently training each individual lift, thus 

a training age was established for the squat, bench press, and deadlift as individual lifts. 

Training age was obtained via the physical activity questionnaire. 

One-Repetition Maximum (1RM) Testing 

All 1RM testing were conducted in accordance with previously validated 

procedures (2). Squat, bench press, and deadlift testing were completed on the same day 
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in that order to the standard of the International Powerlifting Federation (21). Subjects 

were allocated a five-minute rest period between each exercise. Testing for each exercise 

began by the subjects performing five repetitions with 20% of their estimated 1RM 

(obtained from the physical activity questionnaire), followed by three repetitions at 50% 

1RM, two repetitions at 70% 1RM, one repetition at 80% 1RM, and one repetition at 

90% of 1RM. Following performance at 90% of 1RM, increases in subsequent 1RM 

attempts were determined at the investigator’s discretion. To aid in attempt selection, 

ACV and rating of perceived exertion (RPE) via the repetitions in reserve (RIR)-based 

RPE scale (44) were collected on each 1RM attempt. Additionally, five minutes of rest 

was administered between each attempt. A 1RM attempt was considered valid if one of 

the following conditions were met: 1) Subject reported a ‘10’ on the RIR/RPE scale and 

the investigator determined a subsequent attempt with increased weight cannot be 

successfully or safely completed, 2) subject reported a ‘9.5’ on the RIR/RPE scale and 

missed the subsequent attempt with a load increase of 2.5 kg or less, 3) Subject reported a 

‘9’ or lower on the RIR/RPE scale and failed the subsequent attempt with a load increase 

of 5kg or less. All successive increases in load following the 90% 1RM performance 

were required to be less than or equal to the previous attempts increase in load. Finally, 

Eleiko barbells and lifting discs (Chicago, Illinois, USA) that have been calibrated to the 

nearest 0.25 kg were used to uphold the accuracy of load lifted. 

Statistical Analyses 

 To quantify the directionality of error, the RPEDIFF was calculated. Thus, 

negative numbers represented “undershooting” the predicted number of total repetitions, 

whereas positive numbers represented an “overshoot” of the predicted number of 
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repetitions. To display “absolute accuracy”, the mean absolute RPEDIFF (negative sign 

excluded for RIR undershoot) for each exhaustive set and for each session (i.e. all 4 sets 

within one session) was calculated. Thus, absolute RPEDIFF values were averaged for 

each individual squat, bench press, and deadlift set and for each total session. Both 

RPEDIFF over and undershoot values were averaged to generate mean so that differences 

in directionality of accuracy were assessed. Hedges g effect sizes were used to compare 

differences between the various RIRDIFF values between conditions. Additionally, 

Pearson’s product moment correlations were used to examine relationships between 

training age, RPE experience, and Wilks score with RIRDIFF. All statistical analyses 

were performed using Microsoft Excel for windows and Statistica® for windows 

(StatSoft:Tulsa, OK, USA).



16 

IV. RESULTS 

OVERALL AND WITHIN LIFT REPETITIONS IN RESERVE DIFFERENCE 

(RIRDIFF) 

Across all sets and all lifts the mean RIRDIFF was lower (i.e. RPEs were more 

accurate) at the called 9 (0.58 ± 0.2) vs. 6 (0.96 ± 0.38) RPEs with a large effect of 1.24. 

Additionally, when combing all lifts the RIRDIFF was meaningfully lower (ES range: 

0.71-1.09) at the called 9 vs. the 6 RPE. The specific means and effect size for each set 

comparison can be seen in Table 3. Similarly, at each individual lift the RIRDIFF was 

meaningfully smaller with ESs of 0.74, 1.18, and 0.98 for squat, bench press, and deadlift 

respectively, in favor of the called 9RPE vs. the 6RPE for accuracy (Table 4).
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Table 3: RIRDIFF at Each Called RPE for Each Set: Lifts Combined 

Set 
RIRDIFF @ 6 

RPE  
RIRDIFF @ 9 

RPE  
Effect Size (Condition Favored) 

1       

Average 1.39 0.80* 

1.09 SD 0.70 0.26 

90% CI 1.17-1.61 0.71-0.89 

2       

Average 0.85 0.49* 

1.73 SD 0.26 0.13 

90% CI 0.77-0.93 0.45-0.53 

3       

Average 0.81 0.50* 

2.13 SD 0.12 0.17 

90% CI 0.77-0.85 0.44-0.56 

4       

Average 0.77 0.53* 

0.71 SD 0.42  0.22 

90% CI 0.63-0.91 0.46-0.60 

All Sets       

Average 0.96 0.58* 

1.24 SD 0.38 0.20 

90% CI 0.90-1.02 0.55-0.61 

RIRDIFF=Repetitions in Reserve Difference, RPE= Rating of Perceived Exertion, CI= 

Confidence Interval. (Data for each set is the average RIRDIFF for the squat, bench, and 

deadlift together of that particular set.) *Meaningfully lower RIRDIFF at the called 9 vs. 

6 RPE (more accurate RPE)
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Table 4: RIRDIFF Within Each Lift Across All Sets at Each Called RPE 

Sq
u

at
, A

ll 
Se

ts
 

  RIR-Diff @ RPE 6 RIR-Diff @ RPE 9 
Effect Size  

(Condition Favored) 

Average 1.06 0.71* 

0.74 SD 0.66 0.12 

90% CI 0.88-1.24 0.68-0.74 

B
en

ch
, A

ll 
Se

ts
 

    

Average 0.83 0.55* 

1.18 SD 0.31 0.11 

90% CI 0.74-0.92 0.52-0.58 

D
ea

d
lif

t,
 A

ll 
Se

ts
 

    

Average 0.98 0.59* 

0.98 SD 0.44 0.34 

90% CI 0.86-1.10 0.48-0.70 

RIRDIFF=Repetitions in Reserve Difference, RPE= Rating of Perceived Exertion, CI= 

Confidence Interval. This table shows the average RIRDIFF at each called RPE across all 

sets for each individual lift. *Meaningfully lower RIRDIFF at the called 9 vs. 6 RPE 

(more accurate RPE).  

 

SET-TO-SET REPETITIONS IN RESERVE DIFFERENCE (RIRDIFF) 

The RIRDIFF diminished, thus intra-set RPEs were more accurate on both the 

squat and deadlift during set four vs. set one at both the called 6 and 9 RPEs. 

Surprisingly, the RIRDIFF was smaller, noting more accurate intra-set RPEs, during set 

one vs. set four for the bench press at both the called 6 and 9 RPEs. The associated 

means, standard deviations, and effect sizes can be seen in Tables 4 and 5 along with an 

RIRDIFF for each set during all exercises.
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Table 5: Average RIRDIFF Across All Sets at 6RPE 

Exercise   Set 1 Set 2 Set 3 Set 4 
Set 1 Vs. Set 4 ES 

(Set Favored) 

Squat 

Average 
RIRDIFF 

2.00 1.00 0.67 0.56* 1.08 
(Set 4) 

SD 1.70 0.94 0.71 0.73 

Bench 

Average 
RIRDIFF 

0.63# 0.56 0.89 1.25 0.69 
(Set 1) 

SD 0.52 0.53 0.78 1.16 

Deadlift 

Average RIR 
DIFF 

1.56 1.00 0.88 0.50* 0.97 
(Set 4) 

SD 1.42 0.87 0.35 0.53 

RPE=Rating of Perceived Exertion, RIRDIFF=Repetitions in Reserve Difference, 

ES=Effect Size. *Meaningfully lower RIRDIFF on the 4th set vs. the 1st set. 
#Meaningfully lower RIRDIFF on the 1st set vs. the 4th set.  

 

Table 6: Average RIRDIFF Across All Sets at 9RPE 

Exercise   Set 1 Set 2 Set 3 Set 4 
Set 1 Vs. Set 4 ES 

(Set Favored) 

Squat 

Average 
RIRDIFF 

0.89 0.70 0.67 0.60* 0.44 
(Set 4) 

SD 0.60 0.67 0.87 0.70 

Bench 

Average 
RIRDIFF 

0.50# 0.50 0.50 0.71 0.32  
(Set 1) 

SD 0.53 0.76 0.53 0.76 

Deadlift 

Average 
RIRDIFF 

1.00 0.75 0.33 0.29* 0.90 
(Set 4) 

SD 1.00 0.71 0.52 0.49 

RPE=Rating of Perceived Exertion, RIRDIFF=Repetitions in Reserve Difference, 

ES=Effect Size. *Meaningfully lower RIRDIFF on the 4th set vs. the 1st set. 
#Meaningfully lower RIRDIFF on the 1st set vs. the 4th set. 
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BETWEEN LIFT REPETITIONS IN RESERVE DIFFERENCE (RIRDIFF) 

COMPARISONS 

 In the bench press, across all sets, the RIRDIFF (0.83 ± 0.31) was lower (i.e. more 

accurate) than in the squat (1.06 ± 0.66) at the called 6 RPE with a small effect size of 

0.44. The deadlift (0.98 ± 0.44) showed similar RIRDIFF at a called 6 than in the squat 

(1.06 ± 0.66) with a trivial effect size of 0.14. Additionally, at the called 6 the deadlift 

(0.98 ± 0.44) showed a larger RIRDIFF than in the bench press (0.83 ± 0.31) with a small 

effect size of 0.39. At a called 9 RPE, the RIRDIFF was greater in the squat (0.71 ± 0.12) 

than in the bench press (0.55 ± 0.11) with a large effect size of 1.38. RIRDIFF at a called 

9 RPE in the bench press (0.55 ± 0.11) was similar to the deadlift (0.59 ±0.34) with a 

trivial effect size of 0.16. Additionally, RIRDIFF in the deadlift (0.59 ±0.34) was lower 

than in the squat (0.71 ± 0.12) at the called 9 RPE with a moderate effect size of 0.50. 

These between lift comparisons are displayed in Figures 2 and 3.



21 

Figure 2: Average RIRDIFF Between Lifts at 6 RPE 

 
RPE= Rating of Perceived Exertion, RIRDIFF=Repetitions in Reserve Difference. Data 

are mean ± standard deviation. *Significantly less RIRDIFF than the squat and deadlift 

(i.e. more accurate).  

 

Figure 3: Average RIR DIFF Between Lifts at 9 RPE 

 

RPE= Rating of Perceived Exertion, RIRDIFF=Repetitions in Reserve. Data are mean ± 

standard deviation. *Significantly less RIRDIFF than the squat (i.e. more accurate).  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Squat Bench Press Deadlift

R
IR

 D
if

fe
re

n
ce

*

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Squat Bench Press Deadlift

R
IR

 D
if

fe
re

n
ce

*

*



22 

RELATIONSHIPS  

 The specific r- and p-vales for all relationships can be seen in Tables 7,8,9, and 

10. Training age was negatively and significantly related to RIRDIFF at the called 6 RPE 

in the bench (r=-0.35, p=0.04), called RPE 6 in the deadlift (r=-0.52, p<0.01), all called 

RPE 6s (r=-0.40, p<0.01), and all called 9 RPEs (r=-0.22, p=0.03) indicating that more 

years of training experience were potentially associated with more accurate prediction of 

RIR. Similarly, greater RPE experience was significantly related to lower RIRDIFF at all 

called 9 RPEs and the called 6 RPE in the bench press, indicating that more frequency 

usage of RIR-based RPE was associated with improved accuracy. Additionally, Wilks 

score was negatively and significantly correlated at all conditions except for called 6 RPE 

in the squat and called 6 RPE in the bench press meaning those with a higher Wilks are 

more accurate at predicting RIR. Total repetitions performed were positively and 

significantly related to RIRDIFF at all conditions regarding a called 6 RPE indicating that 

more repetitions per set were associated with less accurate RIR prediction.  

Table 7: Relationships Between Training Age and RIRDIFF 

 
TA S 

RPE 6 
TA S 

RPE 9 
TA B 
RPE 6 

TA B 
RPE 9 

TA D 
RPE 6 

TA D 
RPE 9 

TA All 
RPE 6 

TA All 
RPE 9 

R-
value 

0.10 0.18 0.35* 0.21 0.52* 0.22 0.40* 0.22* 

P-
Value 

0.54 0.27 0.04* 0.25 <0.01 0.25 <0.01* 0.03* 

TA: Training Age, S=Squat, B=Bench, D=Deadlift, RPE = Rating of Perceived Exertion, 

RIRDIFF= Repetitions in Reserve Difference, *Significant Relationship. #Relationship 

Approached Significance. These correlations show the relationship between the 

repetitions performed across all four sets combined in an exercise with the combined 

RIRDIFF across all four sets.
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Table 8: Relationships Between RPE-RIR Experience and RIRDIFF 

 
REX S 
RPE 6 

REX S 
RPE 9 

REX B 
RPE 6 

REX B 
RPE 9 

REX D 
RPE 6 

REX D 
RPE 9 

REX All 
RPE 6 

REX All 
RPE 9 

R-
value 

0.12 -0.33* -0.39* -0.42* -0.23 -0.33# -0.17# -0.40* 

P-
Valu

e 
0.47 0.04* 0.02* 0.02* 0.18 0.08# 0.08# <0.01* 

REX=RPE Experience, S=Squat, B=Bench, D=Deadlift, RPE = Rating of Perceived 

Exertion, RIRDIFF= Repetitions in Reserve Difference, *Significant Relationship. 

#Relationship Approached Significance. These correlations show the relationship 

between the repetitions performed across all four sets combined in an exercise with the 

combined RIRDIFF across all four sets. 

 

Table 9: Relationships Between Wilks Score and RIRDIFF 

 
W S 

RPE 6 
W S 

RPE 9 
W B 

RPE 6 
W B 

RPE 9 
W D 

RPE 6 
W D 

RPE 9 
W All 
RPE 6 

W All 
RPE 9 

R-
value 

-0.15 0.48* 0.17 0.60* 0.58* 0.73* 0.22* 0.65* 

P-
Value 

0.36 <0.01* 0.33 <0.01* <0.01* <0.01* 0.02* <0.01* 

W=Wilks Score, S=Squat, B=Bench, D=Deadlift, RPE = Rating of Perceived Exertion, 

RIRDIFF= Repetitions in Reserve Difference, *Significant Relationship. #Relationship 

Approached Significance. These correlations show the relationship between the 

repetitions performed across all four sets combined in an exercise with the combined 

RIRDIFF across all four sets. 

 

Table 10: Relationships Between Total Reps and RIRDIFF 

 
TR S 

RPE 6 
TR S 

RPE 9 
TR B 

RPE 6 
TR B 

RPE 9 
TR D 
RPE 6 

TR D 
RPE 9 

TR All 
RPE 6 

TR All 
RPE 9 

R-
value 

0.34* -0.05 0.56* 0.22 0.30# -0.01 0.76* 0.15 

P-
Value 

0.03* 0.76 <0.01* 0.23 0.08# 0.96 <0.01* 0.14 

TR=Total Reps, S=Squat, B=Bench, D=Deadlift, RPE = Rating of Perceived Exertion, 

RIRDIFF= Repetitions in Reserve Difference, *Significant Relationship. #Relationship 

Approached Significance. These correlations show the relationship between the 

repetitions performed across all four sets combined in an exercise with the combined 

RIRDIFF across all four sets. 
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V. DISCUSSION

 The aim of this study was to examine the accuracy of intra-set RIR-based RPE in 

the squat, bench press, and deadlift. Our first hypothesis was supported by our data 

showing that RIR was more accurately predicted the closer to failure. However, our 

second hypothesis that RIR predictions would improve in the latter sets was only partially 

supported. Specifically, squat and deadlift RIR predictions were more accurate during set 

four than set one, however, surprisingly bench press RIR predictions were more accurate 

during set one compared to set four. Finally, we hypothesized that RPE accuracy would 

be similar between lifts; however, this hypothesis was not supported as bench press was 

more accurate than both squat and deadlift at the called 6 RPE, while both bench press 

and deadlift RIR predictions were more accurate than squat predictions at the called 

9RPE. Overall, our results suggest that RIR-based RPE ratings improve in accuracy as 

proximity to failure increases in the squat, bench press, and deadlift. Further, our study 

provides novelty by demonstrating for the first time the accuracy of RIR-based RPE in 

the deadlift (Table 4). 

 The present results confirm other recent findings (11,12,43) that RIR predictions 

are more accurate closer to failure as evidenced by  the overall mean RIRDIFF (all lifts 

and sets averaged) being greater at the called 6 (0.96 ± 0.38) versus the called 9 RPE 

(0.58 ± 0.20). Importantly, even though our results support the improved accuracy closer 

to failure our results also show more accurate intra-set RIR predictions than both other 

similar studies (11) where there was an RIR of ±1 when subjects were 0-3 repetitions 
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from failure in the chest press and leg press, while Zourdos et al. 2018 (43) reported an 

RIRDIFF of 1.95 when subjects were asked to call an intra-set 9RPE in the squat at 70% 

of 1RM. When comparing the present squat data to 1.95 RIRDIFF from Zourdos et al. 

(43) we have reported an RIRDIFF of 0.71 ± 0.12 across all four sets at a called 9RPE 

and an RIRDIFF of 0.89 ± 0.60 and 0.60 ± 0.70 for the first and fourth sets, respectively. 

A likely explanation is that fewer repetitions in a set is related to more accurate RIR 

predictions (43) but they reported 14±4 repetitions in the set used for RIR predictions, 

while the present study had an average of 8±3 repetitions across all four squat sets. 

 Interestingly, in the squat and deadlift RIRDIFF was more accurate at set four vs. 

set one at both the called 6 and 9 RPEs. It is likely that RIR accuracy improved in set four 

vs set one because fewer repetitions were performed in set four. Repetitions decreased by 

50% from 12± 2 to 6±2 from set one to four in the squat and from 11±4 to 6±2 in the 

deadlift. However, a small effect of 0.32 showed that bench press RIR predictions were 

more accurate in set one vs. set four. A potential explanation for this phenomenon is that 

subjects performed only 10±1 repetition on the first set of bench press compared to 12 

and 11 repetitions on the first set of the squat and deadlift, thus with fewer repetitions 

performed per set the bench press lends itself to greater intra-set RIR accuracy even on 

the first set. It is also possible that since the bench press does not train as much total 

musculature as the squat and deadlift, lower repetition sets cease more abruptly, which 

led to inaccurate RPE calls on set four due to subjects believing they could do more 

repetitions than in actuality. In support, subject 6 had the most inaccurate RIR prediction 

on bench press set four with an RIRDIFF of 3 by calling a 6 RPE after rep four and then 

only completing one more repetition. 
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 The accuracy in RIR varied between the types of exercises with greater accuracy 

found in the bench press compared with the squat (ES=0.44) and deadlift (ES=0.39) at a 

called 6 RPE and in the bench press vs. the squat (ES=1.38) and deadlift vs. the squat 

(ES=0.50) at the called 9 RPE. As previously stated more repetitions per set may 

negatively impacts intra-set RIR predictions across various RPEs (43), possibly due to a 

greater degree of both metabolic and neuromuscular fatigue in higher repetitions sets vs. 

lower repetition sets which may cloud the ability of an individual to assess RIR. In the 

present study, the average repetitions performed across all four sets 7±2 in the bench 

press, 8±3 in both the squat, and deadlift, thus the fewer repetitions performed in the 

bench press and lower variance (i.e. lower standard deviation) may explain the increased 

RPE accuracy. Even though bench press seems to be the most accurate of the three 

disciplines tested, squat and deadlift RIR were both predicted with precision. To date no 

study has examined the accuracy of intra-set RPE in the deadlift. We have observed 

accurate RIRDIFFs on the deadlift including 0.98 and 0.59 at the called 6 and 9 RPEs 

across all four sets on the deadlift. Further, the most accurate RPE call during any set for 

any exercise occurred on set four in the deadlift, which resulted in an RIRDIFF of 

0.29±0.49. Thus, our data is the first to support the usage of RIR-based RPE to accurately 

gauge intra-set deadlift fatigue. 

 As anticipated, our data revealed greater training age to be associated with 

improved intra-set RIR prediction during some conditions (Table 7). This conclusion 

parallels Zourdos et al. (44) and Ormsbee et al. (27) who reported experienced lifters to 

record more accurate RPEs at a 1RM compared to novice lifters in the squat and bench 

press. However, in contradiction with Zourdos et al. (43) our data shows that the more 
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experience with using RIR-based RPE itself, were related to more accurate RPE ratings. 

Specifically, Zourdos et al. (43) did not show RPE experience to be related to rating 

accuracy during a 70% set to failure in the squat, while the present data observed greater 

RPE experience to be significantly related or approaching significance to lower RIRDIFF 

at all called 9RPEs (squat: r=-0.33; bench press: r=-0.42, deadlift: r=-0.33) and the called 

6RPE in the bench press (r=-0.39) (Table 8). Importantly, the RIRDIFF was lower at the 

called 6RPE on the bench press was lower than both the squat and deadlift, which may 

account for the improved accuracy with more RPE experience. Further, the discrepancy 

between the present data and Zourdos et al. (43) may be due to the present study asking 

subjects if they “use RPE all the time”, “frequently”, “sometimes”, “have used it a few 

times”, or “never used it” as opposed to Zourdos et al. just asking how many years 

subjects used RPE; thus the assessment in the present study might have been more 

sensitive. We are also the first to observe that a greater Wilks score (greater relative 

strength) is related to more accurate RPE ratings (Table 9). It is likely that individuals 

with a higher Wilks score also have a higher training age, which explains these findings.  

A limitation of this study is that it only examined trained males therefore we 

cannot be certain if females would have similar intra-set RPE accuracy. Additionally, it is 

possible that RIR accuracy was influenced by the verbal indication; in that subjects could 

have terminated the set in order to correspond with their own prediction. Finally, the 

present study only used the conventional deadlift, thus it is not known if RPE accuracy 

would be similar in the sumo deadlift, however, it is important to note that the current 

study is the first to analyze accuracy of the RIR-based RPE scale in any deadlift style. 
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 In summary, the current data shows the most accurate RIR predictions to date in 

the literature. Across all sets, and in all three exercises, the RIRDIFF was low (i.e. ≤1) 

demonstrating precise RPE ratings. When taking into account multiple factors including: 

a high training status (6.4 years), a high intensity tested (80% of 1RM) leading to less 

reps in a set, subjects reporting that they used RPE frequently prior to the study, and a 

Wilks score >300, it is not surprising that the subjects provided accurate RIR predictions.  

 Practically, our results show that athletes can use RIR-based RPE to accurately 

assign load in a resistance training program. Using RPE in lieu of percentage of 1RM or 

RM zones allows for athletes to equate for between individual effort since it is well-

known that the amount of repetitions at the same relative percentage of 1RM is highly 

variable (5)and due to energy levels fluctuating on a day-to-day basis. Indeed, Helms et 

al. (16) found a small advantage for squat and bench press strength over an eight-week 

training period in favor RIR-based RPE load assignment compared to percentage of 1RM 

load assignment. Our data suggest that the deadlift can effectively be programmed with 

RPE in a similar fashion to the squat and bench. It must be noted that RIR-based RPE 

may not be accurate for all individuals or all types of programming when training status, 

relative strength, and relative intensity are taken into account. However, in trained lifters 

at higher intensities (i.e. closer proximity to failure) the use of RIR-based RPE to 

facilitate acute loading changes or for long-term load prescription can be recommended 

for the squat, bench press, and deadlift.
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APPENDIX A: APPROVAL LETTER 
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APPENDIX B: INFORMED CONSENT 
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APPENDIX C: HEALTH HISTORY QUESTIONNAIRE 

  

1 

 

Florida Atlantic University 

Medical History Form 
 

Demographics: 

Name: ________________________________  Sport: ___________ Pos.: _______________ 

Date: ___________ Age: _______________ Birth Date: ____/____/____ 

 

Family History: 

Has anyone in your immediate family had any of the following:  Please circle yes or no. 

 

Heart Disease   Yes No  Diabetes   Yes No 

High Blood Pressure  Yes No  Cancer   Yes No 

Stroke    Yes No  Tuberculosis  Yes No 

Sudden Death (before 50)  Yes No  Asthma   Yes No 

Epilepsy    Yes No  Gout   Yes No  

Migraine Headaches  Yes No  Marfan’s Syndrome Yes No 

Eating Disorder   Yes No  Sickle Cell  Yes No 

 

Personal History: 

1.  Have you ever been hospitalized?      Yes No 

     Have you ever had surgery?       Yes No 

     Are you presently under a doctor’s care?      Yes No 

     Please explain and give dates for all “Yes” answers: ___________________________________ 

     _____________________________________________________________________________  

     _____________________________________________________________________________  

 

2.  Please list any medications you are currently taking and for what conditions.  _______________ 

     _____________________________________________________________________________  

 

3.  Please list any known allergies. ___________________________________________________  

     _____________________________________________________________________________  

 

4.  Have you ever had a head injury / concussion?    Yes No 

     Have you ever been knocked out or unconscious?    Yes No 

     Have you ever had a seizure, “fit”, or epilepsy?    Yes No 

     Have you ever had a stinger, burner, or pinched nerve?   Yes No 

     Do you have recurring headaches or migraines?    Yes No 

     Pleas explain and give dates of  “Yes” answers: _______________________________________ 

     _____________________________________________________________________________  

     _____________________________________________________________________________  

     _____________________________________________________________________________  

 

5.  Have you ever had the chicken pox?     Yes No 

    If yes, at what age? _________ 

 

6.  Have you ever had the mumps or measles?     Yes No 

 

7.  Do you have a history of asthma?     Yes No 

 

8.  Are you missing an eye, kidney, lung, or testicle?    Yes No 

 

9.  Do you have any problems with your eyes or vision?   Yes No 

 

10. Have you ever had any other medical problems (mononucleosis,  

          diabetes, anemia)?       Yes No 

 

11. Have you ever taken any supplements for improved performance?  Yes No 

 

12. Are you presently taking any supplements for diet or performance?  

          (creatine, protein, etc.)?      Yes No 

 If Yes then what substance? ___________________________  
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1 

 

13.What is the lowest weight you have been at in the last year _____,  

highest _____?  What is your ideal weight _______? 

 

14. Do you have any trouble breathing or do you cough during or after 

 practice?       Yes No 

 

15. Have you ever had heat cramps, heat illness, or muscle cramps?  Yes No 

 

16. Do you have any skin problems (itching, rashes, acne)?   Yes No 

 

Explain all “Yes” answers for questions 5 – 16: _________________________________________  

________________________________________________________ _______________________ 

_______________________________________________________________________________  

_______________________________________________________________________________  

________________________________________________________________________ _______ 

_______________________________________________________________________________  

 

17. Have you ever passed out during or after exercise?   Yes No 

      Have you ever been dizzy during or after exercise?   Yes No 

      Have you ever had chest pain during or after exercise?   Yes No 

      Have you ever had high blood pressure?     Yes No 

      Have you ever been told you have a heart murmur?   Yes No 

      Have you ever had racing of you heart or a skipped heart beat?  Yes No 

      Has anyone in your family died of heart problems or a sudden  

death before the age of 50?     Yes No 

      Have you ever had high cholesterol     Yes No 

      Have you ever had an EKG or echocardiogram?    Yes No 

Explain all “Yes” answers for question 17: _____________________________________________  

________________________________________________________________________________  

________________________________________________________________________________  

________________________________________________ ________________________________  

________________________________________________________________________________  

 

 

18. Have you ever sprained / strained, dislocated, fractured, or had repeated swelling or other injury of any bones or joints?  Explain any “Yes” 

answers. 

Head/Neck  Yes No __________________________________________________  

Shoulder  Yes No __________________________________________________  

Elbow & arm  Yes No __________________________________________________  

Wrist, hand & fingers Yes No __________________________________________________  

Back   Yes No __________________________________________________  

Hip / Thigh  Yes No __________________________________________________  

Knee   Yes No __________________________________________________  

Shin/Calf  Yes No __________________________________________________  

Ankle, foot, toes  Yes No __________________________________________________  

 

19. What is the average number of hours you sleep per night? ________________ 

 

20. What time do you usually go to sleep at night? And, what time do you usually wake-up in the morning? ________________ 

 

21. What time did you go to sleep last night and what time did you wake up this morning? ________________  

 

Would you like to speak further to the principal investigator regarding any topics or  

concerns? (i.e., nutrition, supplements, drugs, heart problems, weight loss/gain,  

sexual diseases, concussions, etc.,)?       Yes No 

If yes then what topic? ________________________________ _____________ 

 

Please sign: 

 I hereby state that, to the best of my knowledge, my answers to the above questions are correct. 

 __________________________________________________________________________  

  Athlete’s Signature      Date Signed 
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APPENDIX D: PHYSICAL ACTIVITY QUESTIONNAIRE 

 

Appendix A: Physical Activity Questionnaire 

Think about all the exercise training in which you engage.  Use that information to appropriately 

answer the following questions. 

1. Have you competed before in strength competitions?   If so, how often? 

Yes or No  If so, ___________________ times/year 

a. If yes to #1: How long have you been training for strength competitions? 

______________ years. 

 

b. If yes to #1: When you compete, which sport do you compete in (Powerlifting, 

Strongman, or Bodybuilding)? 

Event:___________________________________  

 

2. Are you currently engaged in a structured resistance-training program?  If so, how long? 

Yes or No  If so, ___________________ years 

 

3. How many hours of resistance training do you perform on average each week?  

___________________ hours/week 

 

4. How many times do you resistance train per week?  Please indicate if you do more than 

once a day. 

___________________ days/week Average___________________ times/day 

 

5. How many times per week do you perform the following exercises? 

a. Barbell back squat: __________ times/week 

b. Barbell bench press: __________ times/week 

 

6. How many years of experience do you have with following exercises? What is your estimated 

1RM? 

a. Barbell back squat: __________ years; 1RM__________pounds 

 

b. Barbell bench press: __________ years; 1RM__________pounds 
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1. Please describe your average resistance training intensity based on your self-estimated 

maximum load.  

___________________ % your maximum         

      

2. Do you incorporate any aerobic training? If so, how many times per week? 

Yes or No  If so, ___________________ times/week 

 

3. Please describe your average aerobic training intensity on a scale below (as close as possible): 

1 2 3 4 5 6 7 8 9 10 

      Very Light           Light             Moderate                Intense     Very Intense 

 

4. Please best describe your occupation or daily activities other than your exercise training. 
 
 

11. Do you have any coaching by a certified professional in general resistance training? 
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APPENDIX E: THE DAILY ANALYSIS OF LIFE DEMANDS FOR ATHLETES 
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