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Abstract
Darragh, IAJ, Egan, B, Nolan, D, and Bennett, KE. Predicting a successful attempt in raw powerlifting. A nonlinear mixed logistic 
regression analysis. J Strength Cond Res XX(X): 000–000, 2025—This study aimed to predict successful lift attempts in raw 
powerlifting by examining the influence of jump size (the absolute difference in weight between consecutive attempts) and other 
factors, using a logistic regression model with nonlinear splines. Data from 93,333 lifters (62,679 males, 30,654 females) across 
6,979 International Powerlifting Federation competitions were analyzed. The data set was partitioned into training (80%) and test 
(20%) sets, with sex-specific models developed to account for class imbalance. Predictors included jump size, lift type (squat, 
bench press, deadlift), attempt transition (first-to-second or second-to-third), and covariates such as body mass, age, and opening 
attempt weight. Random effects for lifter identity were included to control for individual performance variability. Significance was set 
at p , 0.05. Results revealed that jump size significantly influenced success rates, with effects varying by lift type, attempt transition, 
and sex. For male lifters, moderate jump sizes (5–20 kg) improved squat and deadlift success, but success declined with 
jumps .20 kg, especially on third attempts. Bench press success increased slightly with jump sizes ,10 kg but dropped sharply 
beyond that—more so in third attempts. For female lifters, squat success improved only with small jumps (#8 kg); jumps .10 kg 
significantly reduced success, particularly on third attempts. In the bench press, female lifters showed an almost linear decline in 
success with increasing jump size on second attempts, with third-attempt success decreasing sharply beyond 4 kg. Female 
deadlift success followed a similar pattern to squats but showed slightly greater tolerance, with optimal jumps approximately 9–11 
kg. In both sexes, third attempts consistently had lower success rates than second attempts. These findings highlight the nuanced 
role of jump size in attempt success and provide actionable insights for competition strategy. Coaches and lifters can use these 
results to optimize attempt selection, particularly in balancing risk and reward across attempts.
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Introduction

Powerlifting is a sport that consists of 3 lifting events: the squat, 
bench press, and deadlift. In a full powerlifting competition, subjects 
are afforded 3 attempts at each lift with the heaviest successful at-
tempt for each lift being combined to provide a combined score 
(known as a total). Most commonly the total score is used to de-
termine competition placing, except in circumstances when de-
termining best overall lifter, or tied totals within a class where 
coefficients or body weight has an influence on placing (4). Power-
lifting competitions are organized by numerous federations, al-
though the fundamental rule for competition success is always 
consistent (i.e., highest total achieved wins). The principal rule dif-
ferences between powerlifting federations often concern the required 
range of motion that must be achieved for a lift to be successful (e.g., 
the depth required on a squat) (21); the extent to which ancillary 
equipment is permitted (e.g., the characteristics of “protective”

equipment such as belts, wrist wraps, and knee sleeves or allowances 
for performance-enhancing equipment such as knee wraps, bench 
shirts, or single/multiply suits) (16); and the presence or absence of 
testing for performance-enhancing drugs (e.g., anabolic steroids) (8), 
all of which may influence how much a competitor can lift.

Raw (sometimes termed “classic”) powerlifting places strict 
restrictions on assistive equipment based on the idea that mini-
mally assisted lifting performances are almost entirely determined 
by an individual’s physiologic capacity for neuromuscular 
strength (4,21). The International Powerlifting Federation (IPF) is 
the largest global federation for raw powerlifting and uses a strict 
emphasis on judging procedures, assistive equipment character-
istics, and antidoping controls (4,6). Previous studies have 
attempted to examine factors that underlie powerlifting perfor-
mance using IPF competition data (3,9,17–19). Two of these 
studies aimed to identify factors that predict performance using 
frequency-based methods of between-group comparison (9,17), 
or difference-based models with odds ratios (OR) to predict 
competition placing (18,19). Only 1 study has previously used 
predictive modeling, with the aim of determining which factors 
may predict overall competition performance (3).

To date, no study has used predictive modeling to determine 
factors that influence a successful outcome of an individual lift

Address correspondence to Ian A. J. Darragh, iandarragh1@gmail.com. 

Supplemental digital content is available for this article. Direct URL citations appear 

in the printed text and are provided in the HTML and PDF versions of this article on 

the journal’s Web site (http://journals.lww.com/nsca-jscr).

Journal of Strength and Conditioning Research 00(00)/1–9

ª 2025 National Strength and Conditioning Association

1

Copyright © 2025 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

mailto:iandarragh1@gmail.com
http://journals.lww.com/nsca-jscr


attempt. In addition, no study has yet examined the influence 
of jump size (the absolute difference in weight to be lifted be-
tween 2 consecutive attempts) on any aspect of powerlifting 
performance. This analysis is potentially impactful because 
jump size could be an influential factor for a successful lift, and 
being directly manipulatable by a lifter or coach during 
a powerlifting competition. Therefore, the aim of this study 
was to use a large repository of IPF raw powerlifting data to 
build a predictive model that can provide insight into how 
jump size influences the probability of a successful lift attempt 
within a powerlifting competition.

Methods

Experimental Approach to the Problem

Data were acquired from the OpenPowerlifting database on 
August 24, 2024 (13). Because the IPF federation emphasizes 
strict competition standards and attempts stringent antidoping 
protocols (6), only data from IPF-sanctioned competitions were 
analyzed. Data were cleaned appropriately to calculate jump size 
and build nonlinear mixed logistic regression models that can 
predict the influence of jump size on a successful lift outcome. 
Main effects such as lift and attempt transition and covariates 
such as body mass, age, and opening attempt weight were also 
included in models based on inclusion improving model fit (see 
below).

Subjects

Subjects were male (n 5 62,693) and female (n 5 30,655) pow-
erlifters who had their records logged on the OpenPowerlifting 
database. The mean age of male lifters was 27.6 (SD 5 11.4, 
range: 7 - 82) years and the mean body mass was 88.3 kilograms 
(kg) (SD 5 19.2). The mean age of female lifters was 29.5 (SD 5 
11.7, range: 7 - 96) years and the mean body mass was 68.7 kg 
(SD 5 16.3). The information from the OpenPowerlifting data-
base is available for free in the public domain, therefore, ethical 
approval was not required for this study. The data analysed in the 
study met the criteria for a research ethics exemption based on the 
criteria outlined by the research ethics committee at Dublin City 
University.

Data Preparation

All data cleaning and modeling were performed using the R 
programming language (version 4.4.2) (15). Data were filtered 
as follows: only events that were sanctioned by the IPF and 
used the “full” meet format (i.e., subjects must complete at 
least 1 attempt of each of the squat, bench press, and deadlift to 
register a total) were considered; within events, only subjects 
who had values for age and body mass recorded, and who 
registered 9 full attempts (3 squats, 3 bench press, and 3 
deadlifts) were included. Subjects who were guest lifters (lifters 
who performed at the competition, but whose performances 
were not ranked in the competition standings), disqualified for 
rule violations, or disqualified for doping violations were re-
moved. The primary predictor of interest was “jump size” 
(defined here as the absolute value in kilograms (kg) between 2 
successive attempts of the same lift). Jump size was calculated 
by subtracting the absolute value (in kg) of each lift attempt in 
a consecutive order (squat attempt 1 load—squat attempt 2 
load, squat attempt 2—squat attempt 3, etc). Data were filtered

so only circumstances where subjects successfully completed 
their first attempt of each lift were kept because it is impossible 
to determine the “jump” between the subject’s last warm-up 
attempt and first competition attempt. This choice was not 
expected to bias models because a successful first attempt (for 
either squat, bench press, or deadlift) does not alter the prob-
ability of successful second or third attempts (3). During 
a preliminary manual screening of data, approximately 81 
additional individuals were removed because of having 
reported attempt jump sizes that were deemed to be clerical 
errors due to their unrealistic nature (e.g., a 47 kg female lifter 
who had a deadlift jump of 500 kg) (see Table 5, Supplemental 
Digital Content, http://links.lww.com/JSCR/A695). The final 
filtered data set consisted of data from 93,333 lifters (62,679 
male, 30,654 female) from 140 countries across 6,979 distinct 
competitions spanning a period 33.8 years (September 
1990—August 2024).

Statistical Analyses

Before model development, data were split randomly into 
“training” sets (consisting of 80% of sex-partitioned data: male 
training set, n 5 50,037; female training set, n 5 24,492) and 
a test set (consisting of 20% of sex-partitioned data: male test set, 
n 5 12,642; female test set, n 5 6,162) to enable internal vali-
dation of the model’s predictive power. The final data set con-
tained information from 1,366,646 individual attempts (male 
attempts 5 876,337, female attempts 5 490,309). Before data 
were partitioned into training and test subsets, descriptive dif-
ferences in the success rates between different lifts (squat, bench, 
and deadlift), and the success rates between- and within-sexes 
were assessed using chi-squared tests. All models were con-
structed on sex-partitioned training data and models were in-
ternally validated with appropriate test data (see “Internal model 
validation”). To predict the influence of jump size on lift outcome, 
nonlinear mixed effects logistic regression models with 2 degrees 
of freedom were built using the “glmmTMB” and “splines” 
packages built for the R programming language (2). Owing to 
class imbalance for sex (62% of the data being male), independent 
models were produced for male and female lifters, respectively 
(12). Initially, basic logistic regression models were constructed 
with lift success as dependent variable, and univariate predictive 
factors examined (i.e., jump size), and then other main effects 
(e.g., lift) and covariates (e.g., age, body mass) being iteratively 
included in the model. The value of adding new variables was 
assessed by examining whether the addition of a new variable 
resulted in reductions in Akaike Information Criteria (AIC) and 
residual deviances. After main effects were identified, interactions 
between main effects were investigated with the value of inter-
actions similarly being assessed through changes in residual de-
viance. After all interactions were identified, the random effect of 
the individual lifter was included (random intercept). Models 
were generated using both absolute values (i.e., jump size in 
kilograms) and relative values (jump size as a percentage change 
from the previous attempt). The models containing absolute 
values are presented in the main text of the article, but the model 
outputs and figures for relative values are available within the 
supplementary material (see Tables 3 and 4, Supplemental Digital 
Content, http://links.lww.com/JSCR/A695 respectively, with ap-
propriate figures also provided).

The equation of the final model formula for both male and 
female models based on absolute values is presented as follows:
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LogitðPðLift Outcome ¼ SuccessfulÞÞ ¼ b 0 1 

S1ðjump size; lift; attempt transitionÞ 1 b1ðageÞ 1 

b2ðbody massÞ 1 b3ðfirst attempt weightÞ 1 u Individual Lifter ;

where b 0 is the intercept. S1 represents the nonlinear in-
teraction between jump size (the change in load between attempts 
in kg), lift (whether the lift was squat, bench press, or deadlift), 
and attempt transition (whether the transition was between the 
first to second attempt or second to third attempt). Additional 
covariates were age (the age of the lifter in years); body mass (the 
body mass of the lifter in kg); and first attempt load (the value of 
each lifter’s opening attempt in kg). The sole random effect u 
represents the random effect associated with the individual lifter. 
The final model ran with a maximum number of 40,000 evalu-
ations and 20,000 iterations and used maximum likelihood esti-
mation to enhance convergence. All models used nonlinear 
minimization with bounds for convergence (20). Akaike In-
formation Criteria and Bayesian Information Criteria (BIC) were 
automatically generated for each model. The intraclass correla-
tion coefficient (ICC) for the random effect of lifter identity for 
models was estimated by dividing the random effect variance by 
the sum variance of the model. Odds ratios are reported alongside 
model terms as a standardized measure of effect size. These can be 
used to interpret the extent to which different terms influence the 
probability of a successful lift outcome, for example, if a term has 
an OR of 2.0, this implies the term increases the probability of 
a successful attempt by 100%. Further information on the in-
terpretation of ORs can be found elsewhere (1).

Internal Model Validation

Internal validation was performed for both male and female 
models using sex-specific test data that models had not previously 
been exposed to and that corresponded to 20% of the sample size 
for each respective sex (12,501 male lifters and 6,166 female 
lifters). Receiver operating characteristic curves were generated to 
examine the relationship between model sensitivity (the model’s 
ability to predict a successful lift outcome) and specificity (the 
model’s ability to predict a failed lift outcome). The “optimal” 
sensitivity threshold for a balanced model was estimated by 
Youden’s index and the distance to ideal point methods, with 
various thresholds above or below this number subsequently 
being estimated to optimize model prediction (see Figure 1, Sup-
plemental Digital Content, http://links.lww.com/JSCR/A695). 
The best performance thresholds were determined to be 0.65 for 
the male model and 0.60 for the female model. Models were 
evaluated based on sensitivity, specificity, accuracy, positive 
predictive value, and Cohen’s kappa coefficient. The relevant 
data and code used to produce and validate predicted models are 
openly available on the open science framework alongside other 
supplementary materials at the following link—https://osf.io/ 
37h6t/?view_only5b9d299771a1044ee89dc9c00c98e17e0.

Results

Descriptive Information

The demographic information for male and female lifters are 
shown in Figure 1. The distribution of the jump sizes and absolute 
values for each lift partitioned by sex is shown in Figure 2. The 
proportional difference in success rates between lifts (irrespective of 
attempt) is shown in Figure 3. The overall success rate for male 
lifters on the squat was 77% (second attempt 5 87%, third

attempt 5 68%) with overall success rate of 75.3% (second at-
tempt 5 84%, third attempt 5 65%) for female lifters. The average 
success rate for male lifters on the bench press was 66% (second 
attempt 5 82%, third attempt 5 49%) with 63.2% (second at-
tempt 5 81%, third attempt 5 45%) for female lifters. The average 
success rate for male lifters on the deadlift was 74.4% (second 
attempt 5 88%, third attempt 5 59%) with 79% (second at-
tempt 5 91%, third attempt 5 66%) for female lifters. For both 
sexes, the success rate of bench press was significantly lower than 
squat and deadlift (p , 0.01). The success rate of squat was sig-
nificantly greater than the success rate of deadlift for male lifters 
(p , 0.01), and the success rate of deadlift was significantly greater 
than success rate of squat for female lifters (p , 0.01). Male lifters 
demonstrated a higher percentage of success for squat and bench 
press attempts (both p , 0.01), while female lifters demonstrated 
a higher percentage of success for deadlift attempts (p , 0.01). 
Significant differences were observed in the relative (% change 
between 2 consecutive attempts) jump size between male lifters and 
female lifters for first–second (6.6% for male lifters, 7.5% for fe-
male lifters, p , 0.01) and second–third attempt transition (4.2% 
for male lifters, 4.8% for female lifters, p , 0.01) (see Table 5, 
Supplemental Digital Content, http://links.lww.com/JSCR/A695).

Male Predictive Model

The full model outputs for the male model are presented in Sup-
plemental Digital Content (see Table 1, http://links.lww.com/ 
JSCR/A695). Nonlinear effects of jump size and their interactions 
are modeled using natural splines (df 5 2) and are shown in 
Figure 4 (for interactions) and Figure 5 (for covariates). The 
random effect of lifter identity had a variance of 0.44 (SD 5 0.66) 
and an ICC of 12%. Significant main effects were observed for lift 
(reference category: squat; bench press—b 5 20.30, OR 5 0.74, 
SE 5 0.05, p , 0.01; deadlift—b 5 0.47, OR 5 1.60, SE 5 0.07, 
p , 0.01), and attempt transition reference: first-to-second at-
tempt; b 5 20.86, OR 5 0.42, SE 5 0.05, p , 0.01). Significant 
main effects were estimated for body mass (b 5 0.015, OR 5 
1.02, SE 5 0.0003, p , 0.01) and first attempt weight 
(b 5 20.0098, OR 5 0.99, SE 5 0.0001, p , 0.01). Spline-
transformed jump size terms were significant (spline 1: b 5 0.77, 
SE 5 0.10, p , 0.01; spline 2: b 5 23.09, SE 5 0.20, p , 0.01). 
Two-way interactions were estimated between jump size and lift 
(e.g., spline 1 3 bench press b 5 22.03, p , 0.01; spline 2 3 
deadlift: b 5 0.61, p 5 0.01), and between jump size and attempt 
transition (spline 1: b 5 21.54, p , 0.01; spline 2: b 5 21.88, 
p , 0.01). A significant interaction was also estimated between 
lift and attempt transition (bench press: b 5 20.88, OR 5 0.41, 
SE 5 0.06, p , 0.01; deadlift: b 5 20.78, OR 5 0.46, SE 5 0.07, 
p , 0.01). Significant 3-way interactions were estimated between 
jump size, lift, and attempt transition for bench press (e.g., spline 
1: b 5 23.68, p , 0.01; spline 2: b 5 28.70, p , 0.01), and 
deadlift (spline 2: b 5 21.68, p , 0.01).

Female Predictive Model

The full model outputs for the female model are presented in 
Supplemental Digital Content (see Table 2, http://links.lww.com/ 
JSCR/A695). Nonlinear effects of jump size and their interactions 
are modeled using natural splines (df 5 2) and shown in Figure 4 
(for interaction effects) and Figure 5 (for covariates). The random 
effect of lifter identity had a variance of 0.39 (SD 5 0.63) and an 
ICC of 11%. Significant main effects were estimated for lift
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(reference category: squat; bench press—b 5 20.21, OR 5 0.81, 
SE 5 0.07, p , 0.01; deadlift—b 5 0.67, OR 5 1.95, SE 5 0.08, 
p , 0.01), and attempt transition (reference: first-to-second at-
tempt; b 5 21.12, OR 5 0.33, SE 5 0.06, p , 0.01). Significant 
main effects were estimated for body mass (b 5 0.016, OR 5 

1.02, SE 5 0.0004, p , 0.01), first attempt load (b 5 20.011, 
OR 5 0.99, SE 5 0.0002, p , 0.01), and age (b 5 20.001, OR 5 

0.99, SE 5 0.0006, p 5 0.04). Spline-transformed jump size terms 
were both significant (spline 1: b 5 21.84, SE 5 0.20, p , 0.01; 
spline 2: b 5 25.88, SE 5 0.57, p , 0.01). Significant 2-way 
interactions were estimated for jump size and lift (bench spline 1: 
b 5 22.27, p , 0.01; deadlift spline 1: b 5 1.41, p , 0.01), and 
between jump size and attempt transition (spline 1: b 5 21.45, 
p , 0.01; spline 2: b 5 23.27, p , 0.01). A significant interaction 
was also estimated between lift and attempt transition (bench 
press: b 5 21.03, OR 5 0.36, SE 5 0.07, p , 0.01; deadlift: 
b 5 20.64, OR 5 0.53, SE 5 0.09, p , 0.01). Significant 3-way 
interactions between jump size, lift, and attempt transition were 
observed for bench press (e.g., spline 1: b 5 216.55, p , 0.01; 
spline 2: b 5 235.78, p , 0.01) and for deadlift (spline 1: 
b 5 21.99, p , 0.01; spline 2: b 5 24.85, p , 0.01).

Validation of the Male Model

The full results of internal validation for the male model are 
presented in Supplemental Digital Content (see Table 1, http:// 
links.lww.com/JSCR/A695). The male model demonstrated 
a sensitivity of 87% with a kappa of 0.28, and a positive pre-
dictive value of 79%. The male model had a specificity of 39% 
and negative predictive value of 52%. The male model demon-
strated a balanced accuracy of 63%.

Validation of the Female Model

The full results of internal validation for the female model are 
presented in Supplemental Digital Content (see Table 2, http:// 
links.lww.com/JSCR/A695). The female model had a sensitivity 
of 88% with a kappa of 0.27, and a positive predictive value of 
79%. The female model had a specificity of 36% and negative 
predictive value of 53%. The female model demonstrated a bal-
anced accuracy of 62%.

Discussion

This study aimed to build predictive models capable of providing 
insight into factor(s) that influence a successful attempt in raw 
powerlifting competition(s), and, in particular, the extent to 
which jump size between 2 consecutive lifts influences the prob-
ability of a successful lift outcome. This study is novel, because it 
uses nonlinear predictive modeling on an unexamined aspect of 
powerlifting performance—the probability of a successful at-
tempt. Although other studies have endeavored to explore factors 
that influence competitive powerlifting performance (3,9,17–19), 
only 1 study has previously used a form of predictive modeling 
(multilevel modeling) (3). The primary strengths of this study are 
that it uses a population level sample size (multiple performances 
from 93,333 distinct lifters), and the malleable nature of the 
primary predictor (jump size) means that results of the model can 
be used to inform competition strategy. In both male and female 
predictive models, jump size was established as a factor that 
influences the probability of a successful lift attempt for all 3 lifts 
(discussed subsequently). In addition, both models estimated 
a negative main effect of second to third attempt transition for all 
3 lifts. In other words, it was observed that, irrespective of any

Figure 1. The descriptive information of lifters within the data set. (A) The proportion of male and female lifters in the data.
(B) The number of individuals lifters who competed in raw IPF powerlifting competitions by year and sex. (C) The age 
distribution of lifters in the data. (D) The body mass distribution of lifters in the data.
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other factors, the probability of making a successful third attempt 
was always lower than the probability of making a successful 
second attempt. This finding is consistent with a previous study 
that examined lifters (111 males, 33 females) competing in the 
2012 and 2013 Oceania and classic IPF world championships,

which identified that the probability of any lift being successful 
declined by ;17% from the first to second attempt and declined 
by ;32% from the second to third attempt (14).

The bench press demonstrated the lowest success rate for both 
sexes (66% males and 63% females), while the lift with the

Figure 2. The performance characteristics of male and female lifters. (A) Distribution of jump size for male lifters. (B) 
Distribution of attempt weights by lift for male lifters. (C) Distribution of jump size for female lifters. (D) Distribution of attempt 
weights by lift for female lifters.
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highest success rate for male lifters was the squat (77%) and 
deadlift for female lifters (79%). Differences were observed in the 
success rates of each lift between attempts, although these tended 
to be small. In general, male lifters demonstrated higher success 
rates for the squat (2.4% greater than female lifters) and bench 
press (2.9% greater than female lifters), while female lifters had 
a higher success rate for deadlift (4.9% greater than male lifters).

With respect to the influence of jump size on each individual 
lift, a notable finding in this study is that, irrespective of other 
variable, jump sizes of up to 15 kg increase the probability of 
squat success for male lifters, with the probability of squat success 
increasing ;7.5% between jumps of 5–20 kg. However, for male 
lifters, the probability of a successful attempt also subsequently 
decreases with jumps .20 kg (i.e., probability of squat success 
decreases ;2% between jump sizes of 15–20 kg). In contrast, for 
female lifters, only jump sizes up to 8 kg positively influenced 
squat success and jumps within this range had smaller beneficial 
effects than for male lifters (i.e., squat success increases from 
;2.5% between jumps of 5–8 kg). In addition, jump sizes 
of .10 kg reduced the probability of squat success for female 
lifters with larger magnitude compared with that for male lifters 
(i.e., squat success decreases ;6.5% between jumps of 10–15 kg 
for female lifters). However, that the nature of the relationship 
between jump size and squat success is modified when the in-
teraction with attempt transition is considered (i.e., whether 
a squat occurs as a second attempt, or third attempt). First, the 
maximum value for which jump size has a positive influence on 
squat success is estimated to be marginally different between 
second and third attempts (male lifters, 15–12 kg for second and 
third attempts, respectively; female lifters, 10–8 kg second and 
third attempts, respectively). Second, the significant difference in 
both splines between attempts indicates that there is a larger re-
duction in squat success when a jump size is larger than the 
maximum value associated with positive influence on a successful 
lift. Collectively, these results indicate that for the squat lift, male 
lifters demonstrate a greater tolerance for larger jump sizes, and 
across a reasonable range (i.e., ;1–20 kg) male lifters may benefit 
somewhat from taking larger jumps between attempts. In

contrast, female lifters demonstrate a lower tolerance for larger 
jump sizes and can in some circumstances see a larger detriment to 
success by selecting larger jump sizes than male lifters. However, 
the results of the interaction between jump size and attempt 
transition indicate that the range of jump size values that provide 
an increase in squat success narrows between second and third 
attempts. This observation may be related to the generation of 
fatigue, or lifters approximating closer to (or exceeding) their 1 
repetition maximum values in third attempts (17). However, from 
a practical standpoint, the pattern is notable because it suggests 
that lifters may need to take smaller jumps between the second 
and third squat attempts to maximize the probability of squat 
success.

Regarding bench press, the male model similarly indicated that 
for both second and third attempts, increasing jump size increased 
the probability of bench press success. However, the range of 
jump size values that increased the probability of bench press 
success was considerably narrower (i.e., only included values , 
10 kg for both attempts), and jump sizes larger than ;10 kg re-
duced bench press success, particularly for third attempts. This 
means that generally for male lifters, very small increases in jump 
size up to 10 kg have a minor increase on bench press success 
(e.g., ,5% for jumps between 5 and 10 kg), while jump 
size .10 kg will decrease bench press success (e.g., for jumps 
between 10 and 15 kg, bench press success rates will decline ;4% 
decrease on second attempts and ;8% decrease on third 
attempts). For female lifters, a negative and almost linear re-
lationship was estimated between jump size and bench press 
success rate on second attempts. Whereas on a third attempt, 
a small range of jump size values increased bench press success 
(e.g., ;1–4 kg) after which larger jump size rapidly decreased 
bench press success rates (e.g., bench press success rate declines 
;10% between 4 and 10 kg jumps in third attempts). In this 
circumstance, it is useful to consider absolute vs. relative jump size 
may create a confounding effect on results. In this study, female 
lifters generally have larger relative (%) jump sizes than male 
lifters (8.4 vs. 6.5% for second attempts; 4.8 vs. 3.7% for third 
attempts) for bench press (see Table 7, Supplemental Digital

Figure 3. The overall success rates for each lift portioned by sex. (A) Male lifters. (B) Female lifters. *Represents a significant 
difference in success rate from bench press (*p , 0.05, **p , 0.01). #Represents a significant difference in success rate 
from squat (#p , 0.05, ##p , 0.01). $Represents a significant difference in success rate between female and male lifters ($ 
p , 0.05, $$ p , 0.01).
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Content, http://links.lww.com/JSCR/A695). However, the gen-
eral trend of how relative jump size affects bench press success 
rate within and between both sexes generally seems to be the same 
in comparison with absolute jump size (see Figure 2, Supple-
mental Digital Content, http://links.lww.com/JSCR/A695). 
Therefore, a notably lower tolerance for larger jump sizes on the 
bench press seems to be a consistent characteristic of female lift-
ers. From a practical standpoint, it may be valuable for female 
lifters to plan for bench press performances that aim to maximize 
placing using conservative jump size strategies, particularly for 
third attempts. Reasons for the apparent difference in the re-
lationship between jump size and bench press success between 
male and female lifters are challenging to explain. Untrained male 
lifters have previously been reported to have large (;57%) dif-
ferences in upper body strength compared with female lifters (5), 
which may in part be related to male lifters having a larger pro-
portion of lean tissue mass distributed to the trunk and upper 
body (7,10). Therefore, differences in muscle mass distribution

between male and female lifters, potentially coupled with me-
chanical disadvantages experienced by female lifters in the bench 
press (11), explain the greater effect of jump size to lower the 
probability of bench press success in the female model.

Regarding the deadlift, results were largely similar to that of 
the squat. For male lifters, jump sizes increased success rates in the 
second attempt within similar ranges to that of the squat 
(i.e., ;7.5% increase in deadlift success rate between jumps of 
5–20 kg). However, for third attempts, the rate at which deadlift 
success rates declined at jump sizes .12 kg was slightly larger. 
This potentially represents a capacity of male lifters to be mar-
ginally less successful with respect to pushing large jumps on 
a third attempt deadlift, which may simply be due to fatigue. For 
the female model, the general trend of how jump size influenced 
the probability of deadlift success rate was similar to the squat, 
but significant differences in terms of spline values were estimated 
for both second and third attempts that indicated that the peak 
value of jump size for improving deadlift success rate is slightly

Figure 4. The results of interactions between jump between attempt size and significant predictors on the probability of lift 
attempt success for the male (left panel) and female lifters (right panel). (A) The varying effects of jump between attempt size 
on successful lift outcome between lifts (squat, bench, and deadlift). (B) The influence of jump between attempt size on the 
probability of a successful lift outcome between first-to-second and second-to-third attempt transitions. (C). The 3-way 
interaction between jump size and lift on the probability of a successful lift outcome across first-to-second and second-to-
third attempt transitions. Data underwent logistic transformation to present the estimated influence of interacting pre-
dictors as percentage probability of a successful lift attempt. Shaded areas around lines represent changing 95% con-
fidence intervals.
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larger in both attempts (e.g., ;11 kg for second attempts and 
;9 kg for third attempts) and that the influence of jump sizes 
beyond the peak value on reducing the rate of deadlift success is 
slightly small (jumps beyond the peak value have a smaller neg-
ative influence on reducing deadlift success rates in female lifters).

Collectively, these findings demonstrate that jump size often 
has an influence on the probability of a successful lift outcome. 
This influence is nonlinear and varies depending on the lift and the 
attempt transition that is being considered, and the sex of the lifter 
competing. Despite the findings of complex interactions between

the influence of jump size on individual lifts within a specific at-
tempt transition, it is important to reiterate that a negative main 
effect was broadly observed for the second-to-third attempt 
transitions. This finding translates because the probability of 
a successful lift always being lower in the latter attempts of a lift, 
such that the absolute probability of a successful lift may still be 
lower in a later attempt, even if a larger jump size is predicted to 
have a positive effect on attempt success. However, an ac-
knowledged limitation of this study is that it focuses on pop-
ulation level of insights of how jump size influences the

Figure 5. The influence of significant covariates on the probability of successful lift outcome (left hand panel—male model, 
right hand panel—female model) irrespective of attempt. (A) The influence of first attempt selection load on the probability 
of successful lift outcome. (B) The influence of lifter body mass on the probability of successful lift outcome. (C) The 
influence of lift age on the probability of successful lift outcome. Data underwent logistic transformation to present the 
estimated influence of interacting predictors as percentage probability of a successful lift attempt. Shaded areas around 
lines represent changing 95% confidence intervals.
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probability of a successful lift attempt. Importantly, individual 
lifters may vary in their capacity to tolerate different jump sizes. 
Additional limitations include omitted variables such as placing 
or whether a lifter had coach assistance at a meet, both of which 
may have potential to influence a lifter’s attempt strategy (e.g., 
making more aggressive attempt selections for overly conserva-
tive lifters, or restrained attempt selections for overly aggressive 
lifters). Whereas it is notable that the direct influence of coaches 
on powerlifting competition performance has not currently been 
directly studied. Although the information generated by this 
study does have interpretive value and practical utility, coaches 
must still consider the individual history and capacities of each of 
their competitive lifters when considering the application of these 
findings. In conclusion, this study provides separate models for 
male and female competitors that provide novel insights into how 
jump size influences the probability of a successful lift during 
a powerlifting meet, but we caution that these findings should be 
interpreted in their practical context.

Practical Applications

The practical applications of this study are primarily borne 
from the fact that we have generated robust information re-
garding the relationship between jump size, attempt number, 
sex, and the probability of a successful lift outcome. Visual 
inspection of this relationship enables coaches estimate the 
value at which a jump size may cause a lifter to see a reduction 
in the probability of a successful attempt. This information is 
useful because it can inform the planning of lifts and strategies 
by coaches, particularly for lifters with unfamiliar training 
histories. Finally, models estimated a coefficient of variation 
of 12–13% for the random effect of lifter identity. This value 
informs the final practical application of this study, which is 
the acknowledgment that any practical takeaways extracted 
from this study’s predictive models will still vary with each 
individual lifter. Therefore, coaches must contextualize any 
practical decisions based on the results of this study to their 
personal understanding of their individual lifters capacities 
and jump size tolerances.
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