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Rest interval effects on RPE recovery and PAPE during squat 1RM in novice-to-elite lifters. 
The relevance of Post-Activation Potentiation (PAP) in 1 Repetition Maximum (1RM) is incorporated into resistance training programmes for athletes, as it optimises actual strength and power outputs following a heavy conditioning load. This is because  
during a contraction in the muscles, specifically type II muscle fibres, there is an increase in myosin light chain phosphorylation. This phenomenon has been researched in humans by measuring twitch force responses that occur after a period of muscular activity (Blazevich & Babault, 2019). Rate of Perceived Exertion (RPE) has been used to decipher how the athlete perceived the sensation felt at a given work rate. RPE is utilised in the fitness industry for athletes of all abilities, enabling coaches and individuals to comprehend work intensities and athletes' psychological states during training (Lopez et al., 2022). 

Aim/ Hypotheses
Aim – To Examine 1, 2, 4, 8, 12-minute rest effects on RPE recovery and PAPE in a 1RM Squat with parameters of Velocity and Success being noted, across a range of experienced lifters

Objectives: 	1) Quantify RPE per rest interval. 
2) Measure PAPE outcomes. 
3) Assess experience moderation. 
4) Correlate RPE-PAPE. 	Comment by Jo Kelleher: you could bullet point these objectives for clarity

Hypothesis: 8-12 minute rest periods optimises RPE recovery and PAPE vs shorter rests; in advanced lifters this will show greater potentiation. (Chen, et al., 2024)	Comment by Jo Kelleher: spelling - minute	Comment by Jo Kelleher: does this need to be a capital P?


Method
Design
A counterbalanced repeated-measures design will be employed with each participant completing five experimental conditions: 1, 2, 4, 8, and 12-minute rest intervals following a standardised conditioning squat set (Bauer et al., 2021; de Lacey Beavers et al., 2023). The conditioning activity consists of 3 repetitions at 90% of the individual's 1RM back squat, selected to elicit a substantial PAPE while remaining submaximal to avoid excessive fatigue (Krzysztofik et al., 2021; Weakley et al., 2024). Conditions will be counterbalanced using a Latin square to control order effects, with a minimum 72-hour washout period between sessions to ensure full recovery (Bland and Altman, 2018; de Lacey Beavers et al., 2023). This design is justified for its superior statistical power in detecting within-subject differences compared to between-groups approaches, particularly for moderate effect sizes (ES0.5) expected in PAPE research (Kang, 2021; Faul et al., 2007).

Participants
Fifteen to twenty resistance-trained males and females aged 18-35 years will be recruited, stratified by training experience: novice-intermediate (1-3 years) and advanced-elite (>3 years consistent squat training) (Krzysztofik et al., 2021). Recruitment will only occur at the Llanelli Weightlifting Academy, leveraging established relationships to achieve high retention and ecological validity in a performance-focused population. The inclusion criteria are a minimum of 1 year of consistent back squat training (greater than 1.2 times body weight 1RM for males and greater than 0.8 times body weight 1RM for Females), injury-free status, and completion of the PAR-Q for screening purposes (Shephard, 1988; Warburton et al., 2011). Exclusion criteria: Musculoskeletal injury within 6 months, caffeine sensitivity, or irregular training patterns (<3 sessions/wk). Sample size is determined via G*Power (RM-ANOVA, f = 0.25, power = 0.80, correlation = 0.5), yielding a minimum n = 15, which is increased to 20 for attrition (Kang, 2021; Faul et al., 2007).

Measure
Primary outcomes are RPE, as the recovery indicator and PAPE via 1RM back squat performance, measured immediately post-rest (Krzysztofik et al., 2021). RPE will be assessed using the Category Ratio (CR-10) scale anchored with RIR (repetitions in reserve) descriptors, administered verbally post-rest: “How recovered do you feel for your next maximal squat? (0 = not at all, 10 = fully recovered)” (Zourdos et al., 2016; Helms et al., 2016). This scale demonstrates excellent validity (r = -0.85) and reliability (ICC > 0.90) for monitoring recovery in resistance exercise across training levels (Weakley et al., 2021; Plotkin et al., 2022). PAPE quantified as peak concentric velocity during 1RM squat using GymAware linear position transducer (ICC>0.95) (Appleby et al., 2020; Banyard et al., 2017). Training history will be logged via standardised questionnaire for stratification (Krzysztofik et al., 2021).	Comment by Jo Kelleher: RPE will be assessed ?	Comment by Jo Kelleher: Training history will be logged ...

Procedure
Session 1 (Baseline): Participants complete informed consent, anthropometrics, the PAR-Q, and familiarisation with RPE/transducer, followed by a standardised warm-up (5-minute cycle, dynamic stretches) and 1RM back squat testing per NSCA Protocol (3-5 attempts, 3-5 minute rest) (Haff and Triplett, 2016; Reynolds et al., 2013).
Session 2-6 (experimental): After the 5-minute warm-up replicating the baseline, participants perform the conditioning set (3 reps x 90% baseline 1RM squat at 2s eccentric/1s concentric tempo), followed by an allocated rest interval, RPE assessment, and a single 1RM attempt with a transducer (Krzysztofik et al., 2021; Weakley et al., 2024).
Conditions randomised via counterbalanced Latin Square, minimum 72-hour washout; all sessions at 17:00 – 19:00 to control circadian effects (Bland and Altman, 2018). Standardisation: pre-session fasted 2h (water ad libitum), no caffeine 24 hr prior, consistent footwear, 2 spotters per lift, and environmental control (20-22°C) (Haff and Triplett, 2016).
A simple flowchart illustrates the procedure: Warm-up > Conditioning (3x90 % 1RM) > Rest > (1/2/4/8/12 min) > RPE Check > 1RM Test> Cool-down. 

Ethics
Ethical approval will be sought from the University Research Ethics Committee prior to commencement, adhering to the Declaration of Helsinki (World Medical Association, 2013) and BPS guidelines (British Psychological Society, 2021). Informed consent will be obtained in writing after verbal/ written explanation, within 48h reflection period and right to withdraw without prejudice (British Psychological Society, 2021). Risks are minimal (muscle soreness, Low injury probability); mitigated via PAR-Q screening, qualified spotters (2:1 ratio), progressive warm-up, and immediate medical referral protocol (Warburton et al., 2011). Data protection complies with GDPR/UK DPA 2018: Pseudonymous storage on password-encrypted university server, access limited to research team, 5-year retention post-analysis, secure destruction thereafter (UK Data Protection Act, 2018). Debriefing includes performance feedback and resource signposting: vulnerable participants (none anticipated) would receive additional safeguards. 

Feasibility
This study is feasible within undergraduate constraints: 6 sessions total (1 baseline + 5 experimental), scheduled over 4 weeks via Llanelli Academy access. Equipment (GymAware transducer, CR-10 Charts) available via university sports lab; researcher trained in 1RM testing per NSCA standards. Academy partnership ensures 90%+ recruitment success; total researcher time ~40h, including analysis, fitting semester timeline without data collection (Haff and Triplett, 2016).

Known Literature
A Systematic review by Garbisu-Haulde and Santos-Concejero (2021) confirms that rest intervals ranging from 7 to 10 minutes following a conditioning set at moderate-to-high intensities (60-80% 1RM) maximises power and velocity outcomes in ballistic exercises such as jumps and sprints. This review highlights PAPE effects, which peak at approximately 8 minutes post-conditioning, with larger effect sizes (EX > 1.0) for strength tasks. The rest interval shorter than 4 minutes fails to fully dissipate metabolic fatigue (e.g., H+ accumulation, phosphocreatine depletion), thereby impairing subsequent maximal strength performance (Garbisu-Hualde and Santos-Concejero, 2021; de Lacey Beavers et al., 2023).  One study found that 1-2 minutes rest intervals after near-maximal squats significantly decreased velocities by 5-10% and 1RM success due to incomplete phosphocreatine resynthesis and elevated peripheral fatigue (Wilk et al., 2022; Santos et al., 2024).
 	Comment by Jo Kelleher: check sense here	Comment by Jo Kelleher: spelling - velocities

[bookmark: _Int_02ZF61hB]RPE scales, including OMNI-RES and RIR, show strong correlations (r = -0.77 to -0.88) with movement velocity and percentage 1RM across both novice and experienced lifters (Zourdos et al., 2016; Plotkin et al., 2022). Studies confirm that RPE accurately tracks fatigue accumulation and recovery status during resistance exercise, making it a practical alternative or complement to velocity-based training devices  (Weakley et al., 2021; Helms et al., 2018). Furthermore, RPE demonstrates consistent validity when measured within the first three repetitions or immediately post-set, before marked velocity decrements occur (Buckner et al., 2020).

Training experience moderates PAPE magnitude with advanced lifters (>3 years) typically exhibiting greater potentiation due to superior neural drive and motor unit recruitment compared to novices (Maloney et al., 2021; Seitz and Haff, 2016). However, few investigations have directly compared PAPE time-course across experience levels within a single study, limiting individualised rest-interval guidance (Krzysztofik et al., 2021).

Gaps in the literature
Despite extensive PAPE research, a critical gap still exists regarding the full time-course (1-12 minutes) of rest effects on maximal squat performance, as most studies test only one or two intervals (Garbisu-Hualde and Santos-Concejero, 2021; Xu et al., 2023). The integration of RPE as a practical recovery indicator alongside PAPE outcomes still remains unexplored, preventing coaches from using subjective measures to time subsequent maximal lifts effectively (Weakley et al., 2021). Additionally, comparisons between novice and elite lifters within identical PAPE protocols are scarce, leaving unclear whether rest recommendations should differ by training age (Maloney et al., 2021). No recent study has combined RPE monitoring with multiple rest conditions (1, 2, 4, 8, and 12 minutes) in squat-based 1RM testing, representing a substantial methodological and practical void (Krzysztofik et al., 2021; de Lacey Beavers et al., 2023).  This gap is particularly relevant for strength and conditioning settings, where time-efficient, individualised rest prescriptions based on accessible tools like RPE could optimise training density without sacrificing performance (Plotkin et al., 2022).
	Comment by Jo Kelleher: spelling	Comment by Jo Kelleher: spelling - protocols	Comment by Jo Kelleher: whether	Comment by Jo Kelleher: spelling - minutes	Comment by Jo Kelleher: check spelling - optimise

Justification
The present study addresses these gaps by proposing a counterbalanced repeated-measures design examining five rest intervals (1, 2, 4, 8, 12 minutes) post near-maximal squat, with RPE and 1RM velocity as dual outcomes across novice-to-elite lifters. Recruitment via Llanelli Weightlifting Academy ensures access to a stratified sample (>1 year to >5 years training experience), providing ecological validity and feasibility unattainable in general populations. The use of RPE offers a low-cost, time-efficient monitoring tool that coaches can implement immediately, whereas velocity measurement provides objective PAPE validation within a realistic undergraduate laboratory setting. Furthermore, stratifying by experience will clarify whether rest-interval effects differ between novice and advanced lifters, informing individualised programming strategies critical in academy and club contexts. 	Comment by Jo Kelleher: spelling
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