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Abstract 

This study aims to examine the effects of resistance versus complex exercise with the 

retention of post-activation potentiation (PAP) on vertical jump among volleyball players. A 

total of 30 volleyball players (mean age = 16.5 ± 1.106 years old) were recruited as 

participants of this study. The participants were requested to attend two different testing 

sessions, with two days between each session. Each session had a different exercise routine, 
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namely, resistance and complex. A one-way repeated measure was used to analyse the 

performance of the vertical jump, while a pairwise comparison was applied to compare the 

retention of PAP between the resistance and complex exercises. The findings show that there 

is a significant interaction for both warm-up exercises; [(F(1,29)=1275.57, p=0.000] for 

resistance exercise and [(F(1,29) = 1456.83, p= 0.000] for complex exercise. The retention 

analysis for PAP effect also indicates that there is a significant difference between the two 

warm-up activities in vertical jump performance. In conclusion, this study reveals that both 

exercises managed to increase PAP among volleyball players. However, complex exercise is 

suggested to be combined with the warm-up method as it can maintain a longer retention than 

resistance exercise. 

Keywords: Post-activation potentiation (PAP), resistance exercise, complex exercise, vertical 

jump, volleyball players 

1. Introduction 

 Warm-up has become a common practice before any physical activity is performed (Wood et 

al., 2007) and its purpose is to prepare the body mentally and physically. There are also 

warm-up methods used to procure post-activation potentiation (PAP) effects. PAP has been 

shown to be able to increase maximum strength and acute power during training or 

competition (Hodgson et al., 2005; Mcbride et al., 2005). PAP also refers to a neuromuscular 

phenomenon that tends to increase power after stimulation of the contractile. PAP stimulation 

is associated with two major interaction mechanisms, namely increased light chain 

phosphorylation and increased motor unit recruitment (increased neural drive). 

PAP effects may be difficult or less sustainable without resistance exercise through warm-up 

methods. Many previous research have been conducted in relation to PAP in various sports, 

such as rugby (Mitchell & Sale, 2011), athletics (Crewther et al., 2011), and football (Mola et 

al., 2014). Nevertheless, the findings have always sparked controversy because of the 

different subjects, such as physical level, training experience, training background, and sports. 

Apart from that, the variable, e.g. the intensity of the exercise, could be one of the factors that 

affect PAP. According to Sale (2002) and Gilbert et al. (2005), high-intensity exercise appears 

to be more effective on PAP. Despite this fact, there is still a lack of studies on the effect of 

PAP between resistance and complex exercises as a warm-up method on the performance of 

vertical jump in volleyball sports. 

Besides, previous studies showed that the retention of PAP effect with resistance exercise can 

increase power between 2 to 20 minutes period (Sue et al., 2016). While findings by Bauer et 

al. (2019) revealed that the effect of PAP could only be maintained for 10 minutes and did not 

exceed 30 minutes (Wilson et al., 2013). A study by Sanchez et al. (2018) suggested that the 

effects of PAP could be studied using physical fitness tests by repeating the same test session. 

Therefore, the present research was conducted to determine the effect of PAP between 

resistance and complex exercises, and the retention of vertical jump performance for 30 

minutes, in order to increase power.  

The most determinant performance factor in volleyball is power during the vertical jump. The 
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effectiveness of vertical jump allows for obtaining improvements in technical actions, such as 

sets, hits, services, or blocks to achieve success in a volleyball game. Therefore, the purpose 

of this study is to examine the effect of PAP between resistance and complex exercises and 

the retention on vertical jump among volleyball players.  

2. Method 

Research design 

 A one-way repeated measure design (two types of warm-up exercises x seven trials) together 

with a crossover design to control order effect of the warm-up exercises was utilised, 

whereby each subject needed to perform both resistance and complex exercises. 

Participants 

 A total of 30 volleyball players were recruited from the Hin Hua High School, in which (age 

= 16.5 ± 1.106 years, height = 173.60 ± 5.55cm, and body mass = 59.56 ± 3.79kg.). The 

participants had to be physically active in volleyball training for two years and represented 

the district or state in 2019. All participants also underwent training for at least five days a 

week with a training session from 3.30 p.m. to 6.30 p.m. The participants had to be free of 

injury or any medicine, which might influence their performance.  

Table 1. Descriptive information for participants 

 

*Participant means and standard deviations for descriptive information; 

BS - Back Squat; 6-RM - six repetition maximum 

Procedures 

 Session 1 consisted of a one-hour study orientation to explain the objective and procedure of 

the research. The researcher recorded the participants’ age, height, weight, and 6-RM. The 

researcher then showed the technique for back squat, standing jump and reach, and vertical 

jump to the participants. The 6-RM back squat was assessed as described below after the 

orientation. 6-RM back squat as the resistance exercise and 6-RM back squat followed by six 

times standing jump and reach as the complex exercise were carried out during Sessions 2 

and 3 to induce PAP.  
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Figure 1. PAP retention overview of warm-ups. PAP: post-activation potentiation; 6-RM back 

squat as resistance exercise warm-up; 6-RM followed by standing jump and reach as complex 

exercise warm-up 

Vertical jump test (VJ) 

The participants were given a vertical jump pre-test before performing the warm-up exercises. 

The post-tests were recorded at post-15 seconds, post-5 minutes, post-10 minutes, post-15 

minutes, post-20 minutes, and post-30 minutes after performing the warm-up exercises. The 

height of the jump was determined by the vertec vanes shot and recorded in cm units. In each 

of the post-tests, the participants were given two attempts to jump.  

Resistance exercise 

The participants performed back squat that involved quadriceps muscle, biceps muscle, and 

spinal erector. They were asked to perform one set of 6-RM back squat as an experimental 

session.  

Complex exercise  

In this study, complex exercise is a combination of resistance exercise and plyometric 

exercise. The participants performed one set of 6-RM back squat followed by standing jump 

and reach. Rest between exercises was 30 seconds.  

3. Results 

Based on the findings, the mean and standard deviation in the vertical jump scores for the 

resistance exercise were as follows: 15 seconds post-test (M=55.83, SD=8.61), 5 minutes 

post-test (M=56.34,SD=8.60), 10 minutes post-test (M=55.93,SD=8.65), 15 minutes post-test 

(M=55.60, SD=8.56), 20 minutes post-test (M=55.30, SD=8.51), and 30 minutes post-test 

(M=55.04, SD=8.44) as compared to pre-test (M=54.65, SD=8.30). There was an increase in 

the mean vertical jump score for the resistance exercise by 2.18%, 3.09%, 2.34%, 1.74%, 

1.19%, and 0.71% for 15 seconds, 5, 10, 15, 20, and 30 minutes post-tests, respectively, as 

compared to pre-test. In contrast, the mean and standard deviation in the vertical jump score 

for the complex exercise were recorded as: 15 seconds post-test (M=55.95, SD=8.24), 5 

minutes post-test (M=56.99, SD=8.25), 10 minutes post-test (M=57.47,SD=8.42), 15 minutes 

post-test (M=57.94,SD=8.06), 20 minutes post-test (M=58.59, SD=8.29), and 30 minutes 

post-test (M=57.87, SD=7.97) as compared to pre-test (M=54.75, SD=8.40). There was an 
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increase in the mean vertical jump score for the complex exercise by 2.20%, 4.09%, 4.97%, 

6.02%, 7.01%, and 5.70% for 15 seconds, 5, 10, 15, 20 and 30 minutes post-tests, 

respectively, as compared to pre-test. The mean score for complex exercise was higher than 

the mean score of the resistance exercise.  

Table 2. Participants means (M) and standard deviations (SD) for descriptive information; 

*Complex Exercise were significantly greater than Resistance Exercise (p < .05). Paired t-test 

p-values 

 

Based on the data, it showed a significant effect for warm-up activities (p < 0.01) at post-5, 

10, 15, 20, and 30 minutes. Repeated ANOVA that measured VJ indicated a slight 

significance at time point following the resistance exercise (p < 0.05) and reached peak time 

at 5 minutes, whereas VJ following the complex exercise varied significantly over time (p < 

0.01) and reached peak time at 20 minutes. Post-hoc techniques (paired t-tests) determined 

that VJ following the complex exercise was significantly greater at 5, 10, 15, 20, and 30 

minutes as compared to the VJ scores following the resistance exercise (p < 0.05). However, 

there was no significance at 15 seconds and 5 minutes (p > 0.05). The results of the pair 

t-tests were as follows: pre-test: p=0.153, 15 seconds: p =0.483, 5 min: p = 0.009, 10 

min: p = 0.000, 15 min: p = 0.000, 20 min: p = 0.000, and 30 min: p = 0.000. 

 

Graf 1. A pairwise comparison of the duration of retention of the PAP effect between 

resistance exercise and complex exercise 

4. Discussion 

This study was conducted to examine the effect of PAP on vertical jump among volleyball 
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players. The effect of PAP plays an important role in the warm-up as it can help to improve 

performance in training or competition. The objective of this study is to determine that the 

warm-up activity with a single 6-RM set of the back squat is effective at inducing PAP and 

increasing the performance of VJ and the duration of retention. The data for the resistance 

exercise suggested that warm-up with a single 6-RM set of the back squat as the resistance 

exercise induced PAP and increased VJ for up to 5 minutes. VJ increased for the first two 

time points, which were 15 seconds and 5 minutes before showing a decrease, suggesting that 

the optimal retention of PAP for the resistance exercise’s time point was around 5 minutes. 

However, the complex exercise indicated that a single 6-RM set of the back squat followed 

by six continuous standing jump and reach induced PAP and increased VJ for up to 20 

minutes. VJ increased in the first five before decreasing, suggesting that the optimal retention 

of PAP for the complex exercise was around 20 minutes. The findings of this study were 

consistent with the previous research that complex exercise managed to improve 

effectiveness of the leg power when combined with warm-up activities (Carter et al., 2014) as 

compared to resistance exercise and the retention of PAP. Based on the previous studies 

related to the comparison of complex exercise, plyometric exercise, and resistance exercise 

on the effects of PAP in judo and taekwondo, Miarka et al. (2011) showed that there was a 

significant increase in judo performance after performing the plyometric exercise with ten 

sets of three jumps consecutively, but did not show distant improvement between the 

resistance exercise with five sets of 95% 1-RM and complex exercise that combined three 

sets of two repetitions of 90% 1-RM with five consecutive jumps. Conversely, a study by Da 

Santos et al. (2015) revealed a significant improvement in taekwondo after a complex 

exercise by combining three sets of two repetitions of 95% 1-RM half squat repetitions with 

four vertical jumps, but no significant improvement after the resistance exercise (three sets of 

95% 1-RM half squat repetitions) and plyometric exercise (three sets of ten repetitions of 

vertical jumps). It can be concluded that the inconsistencies of the research by Miarka et al. 

(2011) and Da Silva Santos et al. (2015) with this study were related to the different protocols 

used to stimulate PAP, such as intensity, volume, type of conditioning exercise, and recovery 

time. Lack of improvement in VJ performance during the resistance and complex exercises 

may be explained by the individual phenomenon of PAP (Comyns et al., 2010). For example, 

the study by Chen et al. (2017) indicated that participant 9 showed the greatest improvement 

in the resistance exercise, while participant 10 had the greatest improvement in the complex 

exercise. In addition, Bevan et al. (2010), Esformes et al. (2013), Fukutani et al. (2014), and 

Wilson et al. (2013) stated that the effect of PAP exists inconsistently to various factors 

influencing activity phenomena, such as activity type, intensity, volume, strength and power 

level, training background, rest time between warm-up activities, and subsequent activities. 

Robbins et al. (2005) reported that an individual’s PAP response was affected by muscular 

strength, type of fibre, training level, experience in sport, and gender, all of which have not 

been identified. Previous investigations stated that single conditioning exercises showed 

different individual PAP responses due to conditioning levels. Researchers have suggested 

that coaches should evaluate the athletes before assigning a single conditioning exercise as 

part of their warm-up routine (Lim et al., 2013; Bogdanis et al., 2014). In summary, at least 

for trained subjects, the data of this study indicate that there are no recommendations for 
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optimal activity content such as volume and intensity for obtaining PAP effects. Furthermore, 

because it is possible for stronger athletes to benefit from participating in adaptive activities 

in their warm-up routines, coaches are encouraged to always evaluate athletes’ responses to 

different warm-up activities’ protocols by adjusting or changing the training content when 

necessary. Of course, both of these activities can improve an athlete’s performance in many 

types of sports, especially sports that rely on leg power. This study was limited by the lack of 

individuals’ rest periods. As shown by Gołaś et al. (2016), the individualisation of rest 

periods after load-related warm-up activities is important to find the best strategy for each 

athlete for different sports. Therefore, the findings in this study proved that the manipulation 

of variables, i.e. 6-RM in one set of resistance and complex exercises, could improve the leg 

power among volleyball players. 
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