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Abstract 24 

Velocity-based training is a method used to monitor resistance-training programs based on 25 

repetition velocities measured with tracking devices. Since velocity measuring devices can be 26 

expensive and impractical, trainee’s perception of changes in velocity (PCV) may be used as 27 

a possible substitute. Here, 20 resistance-trained males first completed 1 Repetition Maximum 28 

(RM) tests in the bench-press and squat. Then, in three counterbalanced sessions, participants 29 

completed four sets of eight repetitions in both exercises using 60%1RM (two-sessions) or 30 

70%1RM. Starting from the second repetition, participants reported their PCV of each 31 

repetition as a percentage of the first repetition. Accuracy of PCV was calculated as the 32 

difference between PCV and actual changes in velocity measured with a linear-encoder. Three 33 

key findings emerged. First, the absolute error in the bench-press and squat was ≈5.8 34 

percentage-points in the second repetition, and increased to 13.2 and 16.7 percentage-points, 35 

respectively, by the eighth repetition. Second, participants reduced the absolute error in the 36 

second 60%1RM session compared to the first by ≈1.7 in both exercises (p≤ 0.007). Third, 37 

participants were 4.2 times more likely to underestimate changes velocity in the squat 38 

compared to the bench-press. The gradual increments in the absolute error suggest that PCV 39 

may be better suited for sets of fewer repetitions (e.g., 4-5) and wider velocity-loss threshold 40 

ranges (e.g., 5-10%). The reduced absolute error in the second 60%1RM session suggests that 41 

PCV accuracy can be improved with practice. The systematic underestimation error in the 42 

squat suggests that a correction factor may increase PCV accuracy in this exercise. 43 

Keywords: velocity-based training, perception, auto-regulation, estimation  44 
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Introduction  46 

Velocity-based training (VBT) is a method used by strength and conditioning professionals 47 

to prescribe and monitor resistance training programs based on repetition velocities completed 48 

in different exercises.1-4 VBT has a number of advantages. First, the progressive velocity loss 49 

across repetitions within sets provides a good indication of neuromuscular fatigue5 and the 50 

number of repetitions one can complete before reaching task-failure.6 Second, terminating 51 

sets at certain velocity loss thresholds (e.g., 10-30% relative to first repetition) using loads 52 

selected for specific training goals can lead to a range of positive neuromuscular adaptations.7-53 

9 VBT can thus optimize the training process by adjusting the number of repetitions completed 54 

per exercise in an individualized manner. However, to benefit from VBT, certain devices that 55 

measure velocity are required, such as inertial measurement units and linear position 56 

transducers (LPT).10 While the costs of such devices decreased in recent years, they are still 57 

not affordable to many. Moreover, using velocity measuring devices with large groups can be 58 

an impractical task. When velocity measuring devices are unavailable or impractical, a 59 

possible alternative can be the trainee’s perception of velocity, or of changes in velocity, 60 

during ongoing sets. Assuming acceptable accuracy levels, applying VBT methodologies 61 

based on trainee’s perception can be a useful and practical solution, due to its simplicity and 62 

cost-effectiveness.  63 

To our knowledge, perception of velocity in resistance-training exercises was only examined 64 

in two studies by Bautista et al.11,12 In both studies, resistance-trained participants lifted loads 65 

ranging from 20% to 70% of 1RM in a blindfold manner for 2 to 4 repetitions, in the squat12 66 

and bench-press11 exercises. Participants reported the perceived mean bar velocity at the 67 
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completion of each set using a velocity scale ranging from 0.1 to 1.6 m/s-1, that is accompanied 68 

by five qualitative descriptors (e.g., “very slow” and “power zone”). Actual bar velocity was 69 

concurrently measured using a LPT. In both studies, the authors reported minor differences 70 

between perceived and actual velocity (e.g., perceived (1.08 m/s) and actual (1.07 m/s) 71 

velocity). 14 While the studies by Bautista et al. are an important step in the right direction, 72 

they include a number of limitations that warrant further investigations.  73 

First, the relationship between perceived and actual velocity in Bautista’s studies could be 74 

partly explained by the different loads on the bar which varied constantly and considerably 75 

between sets within the same session. Since velocity changes as a function of load, perception 76 

of heaviness in each set could have guided participants in their ratings, making the relationship 77 

stronger than if the load was constant. Second, participants reported the average velocity of 78 

each set that consisted of two to four repetitions. Since people tend to selectively remember 79 

the peak and the end of an event (i.e., peak-end rule13,14), it is of interest to examine velocity 80 

estimation of single repetitions, rather than sets. Third, Bautista’s scale uses absolute velocity 81 

units (i.e., m/s-1), which may be more difficult to grasp compared with other measurement 82 

units, such as percentages expressed relatively to a fixed anchor point. Fourth, a direct 83 

comparison in estimation accuracy between the bench-press and squat was not conducted in 84 

Bautista’s studies. In view of the differences between the two exercises in range of motion, 85 

muscle mass, body position, and more, a direct comparison between them within the same 86 

study is of additional interest. Finally, there is a need to investigate not only the accuracy 87 

levels of perception of velocity, as Bautista’s group has done, but also perception of changes 88 

in velocity (PCV). This is because PCV is more aligned with the practical utilization of VBT 89 
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in which trainees are required to terminate a set once velocity has decreased to a set threshold 90 

relative to a baseline reference during the course of a set.  91 

Accordingly, the purpose of the present study was to complement and expand upon Bautista’s 92 

work. We investigated the accuracy of PCV among resistance-trained participants performing 93 

the barbell squat and bench-press exercises. Across three sessions, participants performed 94 

both exercises while lifting the same relative loads within a given session (60% or 70% of 95 

1RM). Participants completed four sets of eight repetitions and reported their PCV after each 96 

repetition as a percent of the first repetition. In parallel to PCV, actual changes in bar velocity 97 

(ACV) were measured with a LPT for all repetitions and expressed as a percentage of actual 98 

velocity of the first repetition. In view of Bautista’s work, we expected medium to strong 99 

estimation accuracies. However, given the differences between studies, our expectations were 100 

only tentative.  101 

Materials and methods 102 

Participants 103 

Twenty male collegiate sport-science students volunteered to participate in the study (Table 104 

1). To be included in the study participants had to be healthy, between the ages of 18 and 45, 105 

and have at least two years of resistance training experience in performing the squat and 106 

bench-press exercises. Finally, participants were required to lift 1.2 of their body mass in the 107 

1RM test for both exercises. Written informed consent was obtained after the participants 108 

received an oral explanation of the purpose and potential risks of the study. All procedures 109 
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were conducted in accordance with the Helsinki Declaration and approved by the Institution's 110 

Ethics Committee. 111 

Procedure  112 

A randomized cross-over design was used to investigate the relationship between PCV and 113 

ACV in bar velocity during the barbell squat and bench-press exercises performed in a Smith-114 

Machine (Technogym Equipment, Barcelona, Spain). Participants reported to the laboratory 115 

for four sessions separated by three to six days. In the first session, participants completed a 116 

1RM test in the barbell squat followed by the bench-press and were familiarized with the 117 

experimental procedures. In the three subsequent sessions, participants followed the exact 118 

same procedures, consisting of four sets of eight repetitions in the barbell squat followed by 119 

the bench press, with three minutes of rest between sets and exercises. In two of the 120 

experimental sessions, participants lifted 60% of 1RM in both exercises and in one session 121 

they lifted 70% of 1RM. These loads were selected as they fall within the recommended range 122 

for both hypertrophy and power development in the squat and bench-press exercises ( %70-30  123 

of 1RM).15,16 However, we note this set and repetition configuration is more aligned with 124 

common hypertrophy guidelines.17 After completing each repetition, participants verbally 125 

reported their PCV which was recorded via a tie-microphone attached to their shirts. During 126 

all sessions, no mirrors or any other reflective surface were present which could have assisted 127 

participants estimate changes in bar velocity.   128 

1RM tests and familiarization (session 1) 129 
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Anthropometric measurements were taken and followed by an assessment of the required 130 

squat depth corresponding to a 90º knee angle measured with a hand-held goniometer. To 131 

ensure similar depth across sessions, a box with adjustable height was placed underneath the 132 

participants to which they were required to gently squat onto. Participants then performed a 133 

structured warm-up protocol consisting of dynamic stretching and calisthenics, followed by 134 

an individualized five-minutes warm-up. This warm-up protocol was identical in all sessions. 135 

Thereafter, participants were assessed in the barbell squat 1RM followed by the bench-press 136 

1RM. The 1RM protocol consisted of consecutive lifts with progressively heavier loads until 137 

reaching the estimated or true 1RM. Two to three minutes of rest were provided between sets 138 

once the loads reached 90% of estimated 1RM. Bar velocity was recorded in all progressive 139 

1RM attempts.  140 

Following the 1RM tests, participants were familiarized with the procedure of the 141 

experimental sessions by performing two sets of 8-12 repetitions with an empty barbell in 142 

both exercises. Specifically, participants were asked to verbally report their PCV of the barbell 143 

starting from the second repetition and onward as a percent of the first repetition. That is, the 144 

first repetition was always considered 100% irrespective if the actual velocity resulted in the 145 

fastest repetition or not. Then, starting from the second repetition, participants reported 146 

percent values in relation to the first one. To illustrate, if any repetition starting from the 147 

second one is perceived to be as fast as the first one, then 100% is the value that should be 148 

reported. Alternately, if any repetition is perceived to be slower or faster by 5% relative to the 149 

first one, then 95% and 105% are the values that should be reported, respectively. Participants 150 

were asked to execute the concentric phase of each repetition as fast as possible. After each 151 

completed repetition, participants were asked to verbally state their PCV.  152 
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Experimental sessions (sessions 2-4) 153 

Following the standard warm-up, participants completed a progressive warm-up consisting of 154 

10,5,3,2 repetitions loaded with an empty bar, 40% 50% 60% of 1RM, respectively. In the 155 

70% conditions, they completed two more reps with 70% of 1RM. The first warm-up set was 156 

used to practice the ratings of each repetition. Following two minutes of rest, participants 157 

completed four sets of eight repetitions with either 60% or 70% of 1RM.  All sessions were 158 

performed at the same facilities, ran by the same two researchers at approximately the same 159 

time of the day (±2 hours). Participants were asked to refrain from intense training 24h prior 160 

to testing days and to avoid muscular fatigue and soreness.  161 

Bar velocity data collection 162 

The mean propulsive velocity of bar movement during the concentric phase for each repetition 163 

in both exercises was examined. A LPT (Chronojump, Barcelona, Spain) sampling at 1000 164 

Hz, fixed to the bar of the Smith machine at a perpendicular angle to the floor, and the 165 

commercial software provided by the manufacturer in conjunction with the device, were used 166 

to collect and compute the bar velocity outcomes. According to the software specifications, 167 

instantaneous velocity was smoothed with a fourth-order low-pass Butterworth filter, with a 168 

cut-off frequency of 10 Hz. 169 

(Table 1 near here) 170 

Statistical analysis  171 

We descriptively inspected the individual data points using two approaches. First, we plotted 172 

the raw percentage point differences between the PCV and ACV. Second, we transformed all 173 



Perception of velocity during resistance training 

 

9 
 

differences to absolute values (i.e., ignoring direction of error) which allowed us to quantify 174 

the extent of the average error while overcoming the offsetting effect of opposing negative 175 

and positive errors.  176 

To inferentially analyze the absolute differences between PCV and ACV, we used the 177 

following model:    178 

 (1) |𝑃𝐶𝑉  − 𝐴𝐶𝑉|𝑖𝑡 = 𝛽0 + 𝛽1−2𝑠𝑒𝑠𝑠𝑖𝑜𝑛𝑖𝑡 + 𝛽3−5𝑠𝑒𝑡𝑖𝑡 + 𝛽6𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽7𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒𝑖𝑡 + 𝛽𝑘𝑧𝑖𝑡 + ɑ𝑖 + ɛ𝑖𝑡               179 

where absolute errorit is the percentage point difference between PCV and ACV of subject i 180 

at repetition t; ɑi is the subject specific deviation from the grand mean; and βk represents all 181 

coefficients of three two-way interactions between exercise (squat=1) on the one hand, and 182 

sessions, sets and repetitions on the other.   183 

Turning to the direction of the error, we defined “underestimation of bar velocity” as 184 

observations in which participants’ PCV was lower than the ACV (=1) and contrasted these 185 

to all other cases (PCV was equal to or higher than ACV=0). We analyzed this outcome using 186 

a conditional fixed effects logistic regression as follows: 187 

(2) ln
𝑝(𝑈.𝐸𝑖𝑡=1)

𝑝(𝑈.𝐸𝑖𝑡=0)
= 𝛽1−2𝑠𝑒𝑠𝑠𝑖𝑜𝑛𝑖𝑡 + 𝛽3−5𝑠𝑒𝑡𝑖𝑡 + 𝛽6𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽7𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒𝑖𝑡 + 𝛽𝑔𝑧𝑖𝑡 + ɛ𝑖𝑡 188 

Where U.Eit=1 denotes subject i at repetition t underestimating bar velocity; and βg represents 189 

all coefficients of the three two-way interactions between exercise on the one hand, and 190 

sessions, sets and repetitions on the other. Note that 𝛽0 and ɑi have been “conditioned” out of 191 

the likelihood function. In addition, to ease interpretation of the results and enable a simple 192 

comparison between all analyzed categories in probability of underestimation, rather than 193 

odds ratios relative to the reference category, we calculated average predicted probabilities by 194 



Perception of velocity during resistance training 

 

10 
 

exercise and across sessions, sets and repetitions by using an unconditional fixed effects 195 

logistic regression.       196 

Results 197 

Descriptive statistics 198 

Figures 1 and 2 depict the raw and absolute individual data points, respectively, across 199 

sessions, exercises and repetitions. We observed two main patterns in Figure 1. First, variance 200 

increased across repetitions in both exercises. Second, in the bench-press the mean remained 201 

relatively close to zero whereas in the squat it was consistently under the zero line, and the 202 

extent of this underestimation error grew as a function of the repetitions. In Figure 2, the 203 

increase in variance across repetitions is similar to that illustrated in Figure 1. However, the 204 

mean absolute error increased in a similar fashion in both exercises.  205 

(Figure 1 and 2 near here) 206 

Extent of error 207 

In this section we focus on the key results and direct the interested reader to explore all other 208 

effects fully presented in Table 2 and visible in Figure 3.  When controlling for sessions, sets, 209 

repetitions and participants, the absolute error was 1.69 percentage points higher in the squat 210 

than in the bench-press (p< 0.001). In both exercises, the absolute error was lower in the 211 

second 60%1RM session compared to the first session, with significant reductions of 2.2 and 212 

1.2 percentage points in the squat and bench-press, respectively (p≤ 0.007). In both exercises, 213 

the absolute error in the 70%1RM was mostly similar to the first 60%1RM session (p≥ 0.311, 214 

-0.31<b<0.45), but significantly higher than the second 60%1RM session (p< 0.001, b≈1.7). 215 
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We observed no meaningful differences in these effects between the exercises (p< 0.117, -216 

1<b<-0.8 percentage points).  217 

In the bench-press, the absolute error in the third and fourth sets was higher than the first set 218 

(p≤ 0.013, b≈1.3). In contrast, in the squat, differences between the sets were trivial (p ≥ 0.187, 219 

-0.67<b<0.3 percentage points). Yet, excluding the effect of set 3 (p=0.002, b=2.2), 220 

differences between the exercises in the effects of sets were negligible.  221 

In both exercises the absolute error increased with every successive repetition. The increment 222 

in the error related with each completed repetition was significantly higher in the squat 223 

(p<0.001, b=1.8) compared to the bench-press (p<0.001, b=1.2). Therefore, while the error in 224 

both exercises in the second repetition is estimated at ~5.85 percentage-points, by the eighth 225 

repetition it increased to 13.2 in the bench-press and to 16.7 percentage-points in the squat.  226 

 (Figure 3 and Table 2 near here) 227 

Direction of error 228 

All effects are presented in Table 3 and visible in Figure 4. The odds of underestimating ACV, 229 

controlling for sessions, sets, repetitions and participants were 4.24 times higher in the squat 230 

exercise compared with the bench-press (p<0.001). In the bench-press, the odds of 231 

underestimating ACV decreased as sessions and sets progressed (p<0.001). In contrast, we 232 

detected no effect of session or set in the squat (p≥ 0.397, 0.85<OR<1.01). Therefore, the 233 

decrease in the odds of underestimating ACV were larger in the bench-press when compared 234 

with the squat in session 3 (p=0.012, OR=1.7) and, likewise, in sets 3 and 4 (p<0.001, 235 

OR=2.31 and 2.64, respectively). The odds of underestimating ACV in the squat increased, 236 

on average, with each repetition by 17% (p<0.001). In contrast, they decreased, on average, 237 
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by 30% with each repetition in the bench-press (p<0.001). The effect of repetition 238 

significantly differed between the exercises (p<0.001). 239 

Comparing the predicted probabilities of underestimating ACV (using unconditional 240 

maximum likelihood model), we note that in the squat the probability of underestimating ACV 241 

remained almost constant at ~80% throughout sessions and sets and grew from 71% to 83% 242 

as repetitions progressed. In contrast, in the bench-press, the probability of underestimating 243 

ACV decreased from 71% in repetition 2 to 35% in repetition 8 and from ~60% in the first 244 

session or set to as low as ~47.5% in the last session or set.   245 

(Figure 4 and Table 3 near here) 246 

Discussion  247 

The purpose of this study was to examine the accuracy of PCV among resistance-trained 248 

participants performing the barbell squat and bench-press across loads, sets and repetitions. 249 

We observed three main findings. First, in both exercises, the absolute error rates increased 250 

with consecutive repetitions, and the growth in error was larger in the squat, compared to the 251 

bench. Second, participants improved their accuracy ratings in the second 60%1RM session. 252 

Third, looking at the error’s direction, participants systematically underestimated ACV in the 253 

squat across all repetitions.  254 

Across exercises a similar pattern emerged, in which the absolute error increased with 255 

consecutive repetitions. Specifically, the absolute error increased by 1.2 percentage points in 256 

the bench-press and by 1.8 in the squat. These errors can be explained by a number of reasons. 257 

The lack of calibration against the actual velocity of repetitions may have hindered 258 

participant’s accuracy levels. We assume that informing participants about the extent of their 259 
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error in real time can improve estimation accuracy.18 This assumption is supported by the fact 260 

that participants improved estimation accuracy from the first to the second 60%1RM session 261 

in both exercises, despite not receiving any information about ACV. Since all ratings were 262 

based on participant’s PCV of the first repetition, miscalculating the velocity of this anchor 263 

could have profoundly impacted the remaining ratings during the ongoing set. The time 264 

elapsed between the first and subsequent repetitions, could have hindered PCV accuracy. This 265 

observation is analogues to studies reporting lower accuracies of participants’ estimation of 266 

how many additional repetitions they think they can complete before reaching task failure, 267 

the further they are from task failure (i.e., lower accuracy in beginning compared to the 268 

midway or end of a set).19,20 Whereas in these studies the anchor was the final repetition, in 269 

the present study the anchor was the first repetition. Nevertheless, in both cases the further 270 

one is from the anchor, the lower accuracy becomes. 271 

The neuromuscular fatigue that had likely accumulated as repetitions progressed may have 272 

interfered with the ability to accurately estimate PCV.21,22 For example, it is possible that the 273 

buildup of metabolic byproducts increased the discharge frequency of group III and IV 274 

afferents to the central nervous system,23,24 which led to lower PCV accuracy in . Increases in 275 

neuromuscular fatigue are also associated with increases in perception of discomfort25 and 276 

negative affect.26 Such perceptions could have could distracted participants from their goal of 277 

estimating change in velocity, leading to greater inaccuracies. Future studies should collect 278 

other perceptions, such as discomfort, effort, fatigue, and negative affect, alongside PCV, and 279 

investigate the relationship between them. As a whole, these findings are inconsistent with 280 

Bautista work,11,12 in which relatively accurate velocity estimation values were observed. 281 
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These differences likely stem from the large differences in designs and measurement 282 

strategies which preclude a direct comparison.  283 

The larger absolute errors observed in the squat compared to the bench-press (1.7 percentage-284 

points difference), can result from a number of differences between the exercises. The mean 285 

distance the barbell travelled was 0.35 meters in the bench-press and 0.55 meters in the squat. 286 

The bench-press is also characterized by a greater propulsive portion of the bar compared to 287 

the squat.27,28 The shorter distances the barbell travels in the bench-press, coupled with its 288 

longer propulsive phase, may have facilitated a more accurate perception of its velocity. Then, 289 

in contrast to the squat, during the bench-press participants were able to visually observe parts 290 

of the moving bar which may have assisted in gauging its velocity. The amount and size of 291 

muscle mass involved in the squat exercise is greater than the bench-press. Finally, upper 292 

body muscles are used more frequently than the lower body muscles during daily activities,29 293 

and are commonly involved in fine motor tasks requiring movement accuracy, such as 294 

grasping and reaching. This fact can also explain why movement velocity with the upper body 295 

is estimated with greater precision. Future studies are required to directly examine the posed 296 

explanations to the differences between the body parts.  297 

In contrast to the absolute error, a divergent pattern emerged between the exercises when 298 

inspecting the directional error. Large and systematic underestimation of ACV errors occurred 299 

in the squat. Conversely, a smaller shift from over- to underestimation of ACV error occurred 300 

in the bench-press. Collectively, participants were 4.2 times more likely to underestimate 301 

ACV in the squat compared with the bench-press. While some of the speculative reasons 302 

mentioned previously concerning the differences between exercises in absolute error may also 303 
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hold true for the directional error, we are uncertain why such large differences between 304 

exercises occurred. Specifically, we are uncertain what can cause the systematic 305 

underestimation in the squat. Practically, if using perception of bar velocity to reach a velocity 306 

threshold in the squat, it may be reasonable to use a correction factor to overcome the 307 

systematic bias.  308 

This study has a number of strengths and limitations worthy of discussion. In total, more than 309 

3300 repetitions were collected and analyzed, adding considerable statistical power to this 310 

study.  While participants in this study were experienced in resistance-training, they were not 311 

experienced in VBT, and were not presented with actual bar velocity throughout the study. 312 

Both factors could have considerably influenced the results of this study. Future studies are 313 

required to examine if perception of velocity is more accurate among those experienced with 314 

VBT, and studies that include ACV information to examine if, and to what extent, estimation 315 

accuracy can be improved. Indeed, it is possible that with some practice, estimation accuracy 316 

can considerably improve. Moreover, future studies should examine PCV in sets when 317 

participants are instructed to reach task failure. Such studies would provide an answer to 318 

whether PCV during ongoing sets can predict the point in which one reaches task failure (for 319 

a related example, see Gentil et al.30). They would also be able to examine PCV accuracy 320 

levels throughout the entire range of actual change in bar velocity (e.g., 20% or 30% of first 321 

repetition), rather than look at the effect of repetition given a fixed and relatively low number 322 

of repetitions. Finally, developing a richer understanding of the underlining mechanisms 323 

causing differences between upper and lower body exercises is warranted.  324 

 325 
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Practical Application  326 

Whether PCV should be used in practice, depends on the velocity-loss threshold for set 327 

termination, the precision one is after, and the number of repetitions expected to be completed 328 

per set.  For example, PCV may be used in sessions composed of low velocity-loss threshold 329 

per set (e.g., 5-10% of initial velocity), fewer expected repetitions per set (e.g., 4-6) and 330 

willingness to accept wider error rates (e.g., ~10%). In contrast, a session composed of high 331 

velocity-loss threshold (e.g., 10-30% of initial velocity), higher expected repetitions per set 332 

(e.g., 10-20), in which greater precision is sought after (e.g., <3%), would deem this strategy 333 

unacceptable. In such training sessions, velocity measuring devices would have to be used. 334 

Note that the reduced error rates observed in the second 60%1RM session in both exercises 335 

suggests that accuracy rates can improve with practice. Finally, since participants 336 

underestimated PCV in the squat, a correction factor may improve accuracy in this exercise. 337 

For example, if the goal is a velocity loss of 10% per set and the expected underestimation is 338 

5%, then requiring one to terminate a set once the perceived velocity loss corresponds to 15% 339 

may lead to a more accurate result. 340 

Conclusion  341 

To our knowledge, this is the first study to investigate the accuracy levels of perception of 342 

changes in velocity as a percent of the first repetition in the squat and bench-press, across 343 

loads, sets, and repetitions. We observed that the absolute error increased with subsequent 344 

repetitions in both exercises, with larger errors in the squat. Participants improved their 345 

accuracy ratings between the first and second 60%1RM session across exercises. A systematic 346 

bias was observed in the squat, in which participants underestimated actual bar velocity. No 347 
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meaningful effect of sets and load occurred. Given the potential of this approach, more 348 

research is currently required to examine the estimation accuracy levels of different 349 

populations and the extent of possible improvements in estimation accuracy.   350 
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  443 

Figure captions   444 

Figure 1. Data points of the percentage-point differences between PCV and ACV across 445 

sessions and repetitions. The mid-horizontal line and error bars represent means and SDs.   446 

Figure 2. Data points of absolute value percentage-point differences between PCV and 447 

ACV across sessions and repetitions. The mid-horizontal line and error bars represent means 448 

and SDs.   449 

Figure 3. The graphs present estimations of error (|PCV-ACV|) across exercise and sessions 450 

(A), sets (B), or repetitions (C) when all other variables are set to their mean. Circles and 451 

error bars represent estimations and 95% confidence intervals.  452 

Figure 4.  The graphs present average predicted probability of underestimating ACV across 453 

exercise and sessions (A), sets (B), or repetitions (C). The circles and error bars represent 454 

the probability and 95% confidence intervals. The dashed horizontal lines represent an equal 455 

probability to underestimate as to overestimate ACV.  456 
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