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Abstract 
This study addresses research gaps by examining post-activation potentiation (PAP) 
effects on untrained collegiate students using diverse plyometric exercises. It evaluates 
the efficacy of jump squats as a physiological ergogenic aid, comparing bodyweight and 
externally loaded (10% body mass) jump squats on horizontal and vertical jumping 
performance in unilateral and bilateral variations. The study involved 76 untrained 
collegiate students (Female = 24, Male = 52) selected via purposive sampling, utilizing 
a quasi-experimental design. Vertical jump tests, single-leg vertical jump tests, standing 
broad jump tests, and single-leg broad jump tests measured performance pre- and post-
intervention. Participants were divided into three groups: Group 1 (Female = 6, Male = 
12) served as the control with no PAP protocol, Group 2 (Female = 10, Male = 15) 
performed 5x3 bodyweight jump squats, and Group 3 (Female = 8, Male = 18) 
performed 5x3 jump squats with 10% external load. Data analysis used paired t-tests 
and ANOVA. Results showed Group 1 improved only in bilateral vertical jump 
performance (pre-test: 50.48±11.57 cm, post-test: 53.84±11.52 cm, t = 2.25, p < .05). 
Group 2 exhibited no significant improvements in vertical or horizontal jumps. Group 3 
improved bilateral vertical jump performance (pre-test: 53.81±15.41 cm, post-test: 
59.12±15.03 cm, t = 4.12, p = .00). No significant horizontal jump improvements were 
observed across groups, and differences between groups were statistically insignificant. 
The findings suggest limited PAP effects on horizontal performance and emphasize the 
need for exercise patterns matching specific fitness or sports skills to enhance vertical 
performance. Recommendations include replicating the study for validation, refining 
data collection procedures, exploring other PAP protocols, and identifying optimal 
external loads for jump squats to maximize potentiation effects. 

Keywords: squat, ergogenic aid, post-activation potentiation, jumping 

Resumen 
Este estudio aborda las brechas de investigación al examinar los efectos de la 
potenciación postactivación (PAP) en estudiantes universitarios no entrenados mediante 
diversos ejercicios pliométricos. Evalúa la eficacia de las sentadillas con salto como 
ayuda ergogénica fisiológica, comparando sentadillas con salto usando el peso corporal 
y con carga externa (10% de la masa corporal) en el rendimiento de saltos horizontales 
y verticales, en variaciones unilaterales y bilaterales. El estudio incluyó a 76 estudiantes 
universitarios no entrenados (24 mujeres, 52 hombres) seleccionados mediante 
muestreo intencional, utilizando un diseño cuasi-experimental. Se midió el rendimiento 
mediante pruebas de salto vertical, salto vertical con una pierna, salto de longitud y salto 
de longitud con una pierna, antes y después de las intervenciones. Los participantes se 
dividieron en tres grupos: el Grupo 1 (6 mujeres, 12 hombres) sirvió como control sin 
protocolo PAP; el Grupo 2 (10 mujeres, 15 hombres) realizó 5x3 sentadillas con salto 
usando el peso corporal, y el Grupo 3 (8 mujeres, 18 hombres) realizó 5x3 sentadillas 
con salto con una carga externa del 10%. Los datos se analizaron mediante pruebas t 
pareadas y ANOVA. Los resultados mostraron que el Grupo 1 mejoró únicamente en el 
salto vertical bilateral (pretest: 50.48±11.57 cm, postest: 53.84±11.52 cm, t = 2.25, p < 
.05). El Grupo 2 no mostró mejoras significativas en los saltos verticales ni 
horizontales. El Grupo 3 mejoró en el salto vertical bilateral (pretest: 53.81±15.41 cm, 
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postest: 59.12±15.03 cm, t = 4.12, p = .00). No se observaron mejoras significativas en 
los saltos horizontales en ningún grupo, y las diferencias entre los grupos no fueron 
estadísticamente significativas. Los hallazgos sugieren efectos limitados de la PAP en el 
rendimiento horizontal y enfatizan la necesidad de patrones de ejercicio que coincidan 
con habilidades específicas de condición física o deportes para mejorar el rendimiento 
vertical. Se recomienda replicar el estudio para validación, refinar los procedimientos de 
recopilación de datos, explorar otros protocolos PAP e identificar cargas externas 
óptimas para maximizar los efectos de potenciación. 

Palabras clave: sentadilla, ayuda ergogénica, potenciación post-activación, saltos. 
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Introduction 

Post Activation Potentiation (PAP)  

Post Activation Potentiation (PAP) is a physiological phenomenon in which the 

muscle force output is temporarily boosted after a heavy resistance or high-intensity 

exercise (Brown & Loeb, 1998). It mostly affects fast-twitch muscle fibers. It was 

characterized by a temporary increase in muscular force at lower activation levels 

following a previous activation. It was suggested that a boost in athletic performance 

was seen in activities requiring power and strength  (Brown & Loeb, 1998). The 

collegiate athletes' Vertical jump, shot put, and sprint performance was reported to 

improve due to PAP induced in the upper and lower body (Evetovich et al., 2015). For 

basketball players, sprint performance increased after inducing a training program 

combined with PAP (Tsimachidis et al., 2013). Swimmers’ 100-m freestyle swim 

performance was also improved by PAP protocols (Hancock et al., 2015). The 

manipulation of the individual's muscular system through high-intensity or heavy 

resistance training to increase athletic parameters is classified as physiological 

ergogenic. Previous studies on different sports events suggest that PAP was effective as 

a physiological ergogenic aid.  

Jumping 

Jumping is defined as a basic human activity that refers to the propulsion of the 

body through forceful extension of the lower extremities (Yang, 2009). In the context of 

sports performance, this basic movement is very important for sports such as basketball 

and volleyball; where vertical jumping performance is high, jumping should be 

improved ( Bobbert, 1990). Also, it was suggested that movement improvement can 

significantly increase overall athletic performance, not only in volleyball and baseball 

(Hrysomallis, 2012). This was true for track and field athletes as this movement is a key 

determinant of the sport's success, as athletes with better jumping performance also had 

superior skills in sprints, hurdles, and long jump events (Kobal et al., 2017). Lastly, 

jumping can lead to better aerobic and anaerobic capacity, which are essential to 

endurance and explosive movement sports ( Hudgins et al., 2013). Jumping 

performance is also an essential indicator of maintaining a healthy lifestyle. As 
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numerous studies suggested, a good horizontal jump performance correlated to a 

healthy life status among children and adolescents ( Tomkinson et al., 2020). 

Specifically, it was also studied that its vertical variation is correlated with body 

composition, muscular fitness, and cardiorespiratory endurance (Hart, 2018). This was 

the same for the physical fitness component, muscular strength (Tounsi et al., 2015). 

The said correlation of jumping performance was also applicable to visually impaired 

youth (Pennell et al., 2021). Lastly, it was also associated with higher academic 

performance, linking physical fitness to cognition (Del Pozo et al., 2017). In a 

comparison between untrained males and trained athletes, it was found that untrained 

participants showed significantly lower performance in vertical jumping tasks. This 

suggests that explosive strength and neuromuscular coordination, honed through years 

of training, provide advanced athletes with better jump capabilities. The study 

concludes that years of training lead to neuromuscular adaptations that positively 

influence vertical jump performance (Zaggelidis et al., 2012). It was established that 

jumping performance was important not only for the improvement of athleticism but 

also for the maintenance of a healthy lifestyle. Its development should not only be 

aspired by athletes in sports which needs explosive lower extremities movement but 

also by all individuals as it is a predictor, and correlation of physical fitness parameters.  

Heavy-loaded resistance exercises as PAP 

Heavy-loaded resistance exercises involve lifting heavy weights, typically with 

high intensity, to enhance performance. For instance, studies show that using 80-130% 

of one-rep max (1RM) significantly improves explosive activities like jumping, 

throwing, and pushing in well-trained athletes (Gołaś et al., 2016). Specifically, lifting 

85-90% 1RM with enough rest between sets benefits experienced athletes (Li et al., 

2023). In another example, physically active women improved their 100-meter sprint 

times after performing a 4RM parallel back squat (Linder et al., 2010). Running speed 

also increased after doing 10 sets of half-back squats at 90% 1RM (Chatzopoulos et al., 

2007).Significant improvements in jumping and sprinting performance were seen in 

athletes who performed back squats, such as NCAA Division II athletes who saw gains 

after a 3RM parallel back squat (Evetovich et al., 2015). Similarly, doing squats with 
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different loads (30%, 50%, and 70% 1RM) increased force and power in athletes (Chiu 

et al., 2003). Higher jumps were achieved after doing 3RMs in squats (Esformes et al., 

2010), and sprinting performance improved after performing back squats at 91% 1RM 

with customized recovery periods, showing the importance of individualized recovery 

(Bevan et al., 2010). 

Plyometric exercises as PAP 

Plyometric exercises, which involve explosive movements like jumping and 

sprinting, are also effective for PAP. These exercises help muscles reach maximum 

force quickly (Markovic & Mikulic, 2010). For example, plyometrics improved sprint 

performance in male track and field athletes (Creekmur et al., 2016). A combination of 

plyometrics and sled towing, along with caffeine ingestion, increased jump height in 

soccer players (Guerra Jr et al., 2018). In throwing events, hammer throwers achieved 

better distances after performing countermovement jumps and a 30-meter sprint 

(Karampatsos et al., 2013). Similarly, students achieved longer throw distances after 

five deep jumps (40 cm) (Terzis et al., 2009), and weight throwers improved their 

distance after performing countermovement jumps combined with a 20-meter sprint 

(Terzis et al., 2012). 

Gaps, Aims, and Hypotheses of the Study  

After reviewing the vast literature on post-activation potentiation used to 

increase athletic parameters, certain gaps were observed. First, the existing studies were 

only focused on physically active and trained individuals. This led to an incomplete 

investigation of post-activation potentiation among untrained individuals. The present 

study purposely investigates the effect of post-activation potentiation among untrained 

collegiate students. Secondly, previous studies focused only on one variation of 

plyometric exercise. With this, the extent to which a certain exercise can be used as 

post-activation potentiation cannot be fully investigated. The present study had two 

variations of jump squats: A jump squat and a variation with a load of 10 percent of the 

participant’s body mass. Also, the two variations were compared with no post-activation 

protocol. Third, jumping performance as a variable was defined as having variations of 

horizontal and vertical. Furthermore, each direction of the jump was divided into the 
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unilateral jumping performances of each lower extremity. In this inclusion, jump squats 

as post-activation potentiation can be investigated for their effect on jumping 

performance regarding direction and utilization of lower extremities. The study aimed to 

investigate the usage of two variations of jump squats as a physiological ergogenic aid 

by utilizing it as a post-activation potentiation protocol on jumping performance. 

Specifically, it investigated the effect of jump squats in two variations, using one’s body 

weight and the other, with 10 percent external load on horizontal and vertical jumping 

performance on both unilateral and bilateral variations. Upon the review of the 

literature, hypotheses were drawn. 

H1 No Post-activation Potentiation has an insignificant effect on Bilateral Vertical Jumping 

Performance; 

H2 No Post-activation Potentiation has an insignificant effect on Unilateral Vertical Jumping 

Performance; 

H3 No Post-activation Potentiation has an insignificant effect on Bilateral Horizontal Jumping 

Performance; 

H4 No Post-activation Potentiation has an insignificant effect on Unilateral Horizontal Jumping 

Performance; 

H5 Jump Squat has a significant effect on Bilateral Vertical Jumping Performance 

H6 Jump Squat has a significant effect on Unilateral Vertical Jumping Performance; 

H7 Jump Squat has a significant effect on Bilateral Horizontal Jumping Performance 

H8 Jump Squat has a significant effect on Unilateral Horizontal Jumping Performance; 

H9 Weighted Jump Squat has a significant effect on Bilateral Vertical Jumping Performance 

H10 Weighted Jump Squat has a significant effect on Unilateral Vertical Jumping Performance; 

H11 Weighted Jump Squat has a significant effect on Bilateral Horizontal Jumping Performance 

H12 Weighted Jump Squat has a significant effect on Unilateral Horizontal Jumping 

Performance; 

H13 There is a significant difference between the Bilateral Vertical Jumping Performance among 

the groups 

H14 There is a significant difference between the Unilateral Vertical Jumping Performance 

among the groups 

H15 There is a significant difference between the Bilateral Horizontal Jumping Performance 

among the groups 
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H16 There is a significant difference between the Bilateral Horizontal Jumping Performance 

among the groups 

 
Methodology 
Sampling and Participants 

The study consists of 76 untrained collegiate students who were selected through 

a purposive sampling method. The following qualifications were set as inclusion criteria 

of participant selection: (1) a bonafide student of the locale of the study, (2) does not 

have any formal athletic training, (3) without any medical problem that can be worsened 

or triggered by physical activity. Table 1 below shows the sex distribution of each group 

in the study. Group 1 consisted of 6 males (8.33%) and 19 females (25.00%), which 

completed 33.33% of the 76 participants. As for Group 2, there were ten males 

(13.16%) and 15 females (19.74%), which included 33.33% of the total participants. 

Lastly, Group 3 has 26 (33.34%) participants, which consist of 8 males (10.53%) and 18 

females (22.81%). In totality, the 76 participants of the study were grouped into three 

groups that represent the different implementations.  

Table 1. Sex distribution of the participants per group 

Sex Group 1 Group 2 Group 3 Total 

Female 6 (8.33%) 10 (13.16%) 8 (10.53%) 24 (31.58%) 

Male 19(25.00%) 15 (19.74%) 18 (22.81%) 52 (68.42%) 

Total 25(33.33%) 25(33.33%) 26(33.34%) 76 (100%) 

 

Table 2 represents the participants' demographic profiles in terms of height, 

weight, and body mass index per group. Group 1 had a mean age of 21.02+2.35, a mean 

height of 167.84±10.33, and a mean weight of 66.05±10.81. With this, the Body mass 

index of the group was 23.44±3.36. As for group 2, the mean age of 20.56+2.11, the 

mean height was 166.24±8.10, and the mean weight was 58.56±11.52. The body mass 

index of the group was 21.04±2.87. Group 3 had a mean age of 20.80+1.98, a body 

mass index of 2220±3.44, a mean weight of 167.58±9.26, and a mean weight of 

62.66±12.67. In totality, the participants had a mean age of 20.79+2.17, a mean height 
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of 167.58±9.26, and a mean weight of 62.66±12.67. The body mass index of the 

participants was reported to be 22.20±3.44.  

Table 2. Demographic profile of the participants per group 

Sex Group 1 Group 2 Group 3 Total 

Age 21.02+2.35 20.56+2.11 20.80+1.98 20.79+2.17 

Height 167.84±10.33 166.24±8.10 168.62±9.05 167.58±9.26 

Weight 66.04±10.81 58.56±11.52 63.35±14.27 62.66±12.67 

Body Mass Index 23.44±3.36 21.04±2.87 22.12±3.62 22.20±3.44 

 

Instruments 
To investigate the effect of jump squats as an ergogenic aid through post-

activation potentiation on jumping performance, several field tests designed to measure 

jumping capability were used.  

Vertical jump test 

As for the bilateral vertical jumping performance, the vertical jump test 

(Klavora, 2000) was utilized. Mainly, it assesses the lower extremities’ power in 

delivering simultaneous extension of the hip, knee, and ankle joints (Vanezis & Lees, 

2005). A vertical jump test was performed using the jump and reach method. To 

perform the method, the participant marks the highest standing reach on a wall, then 

jumps as high as possible to make a second mark. The vertical jump height is 

determined by measuring the distance between these two marks, with the test repeated 

three times for accuracy. The method was used because of its practicality. However, the 

validity of the testing was not compromised as the method was found to be highly 

correlated to the motion analysis system (r=.906) (Menzel et al., 2010). 

Single-leg vertical jump test 

As for the unilateral vertical jumping performance, a single-leg vertical jump 

was utilized. The test was designed to assess the functional performance of the 

unilateral lower extremity, focusing on strength, power, and balance (Lee et al., 2018). 

It was also used as a test for the functionality of athletes post-ACL reconstruction and to 

determine readiness to return to sport (Kim et al., 2016). The same as the vertical jump 
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test, the test was done using the jump and reach method. It had the same protocol as the 

vertical jump test. However, the jump was done using one leg for three trials. After this, 

the other leg was also tested. The reliability of the test was established by having high 

reliability with intraclass correlation coefficients (ICC) greater than 0.85, indicating 

consistency in trials and sessions (McElveen et al., 2010). Also, it has a low coefficient 

of variation (Stålbom et al., 2007) and moderate-to-excellent Test-retest reliability 

(Vieira et al., 2021). 

Standing broad jump test 

The bilateral horizontal jumping performance was quantified using the standing 

broad jump test. It was a widely used valid instrument to assess leg power, involving 

jumping forward as far as possible from standing (Thomas et al., 2020). The participant 

stands behind a starting line with feet shoulder-width apart, swings their arms back and 

forward while bending their knees, and jumps forward as far as possible, landing on 

both feet. The distance from the starting line to the back of the closest heel is measured, 

with typically three trials conducted and the best jump recorded (Caskey, 1968). The 

instrument's reliability was established as it had an intraclass correlation coefficient of 

.96 for male raters and .99 for female raters (Rahman, 2021). Also, the test-retest 

reliability of the instrument was established by having r=96 among males and r=.90 for 

females (Rahman, 2021). Lastly, it can discriminate elite from non-elite athlete’s 

horizontal jumping performance (Rahman, 2021). 

Single-leg standing broad jump test 

A single-leg standing broad jump test was utilized for the unilateral variation of 

horizontal jumping. It was a variation of the traditional standing broad jump test (Pérez-

Castilla et al., 2021). However, the test was performed using one lower extremity at a 

time. With the non-jumping leg bent, the participant stands on one leg behind a starting 

line, then swings their arms and performs a countermovement jump, landing on the 

same leg while maintaining balance. The distance from the starting line to the heel of 

the landing leg is measured, with typically three trials conducted for each leg to ensure 

accuracy and the best jump recorded (Rahman, 2021). The instrument was established 

to have an acceptable absolute reliability with bilateral standing broad jump test on 
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mean velocity, peak force, peak velocity, and impulse (CV range = 3.65-9.81%) (Pérez-

Castilla et al., 2021). 

Data gathering procedure 

Standardization of muscular system and diet 

Before the administration of the jumping tests, the muscular system and diet of 

the participants were ensure to not be affected by various circumstances such as existing 

training program and diet. The participants were asked to refrain from any moderate to 

vigorous physical activity for 48 to 72 hours. This was to ensure recovery of muscular 

system from probable existing physical activities and prevention of impaired jumping 

performance (Carroll et al., 20217). Also, on this period, consumption of beverages that 

can influence performance such as stimulants, in form of coffee, energy drink 

(Blanchard & Sawers, 2004; Magkos and Kavouras, 2005) and the likes, and alcohol 

(Jones, 2010) were advised to be stopped. With this protocols, the threat of external 

validity was minimized.  

Jumping tests protocols 

The jump squat was defined as performing a countermovement jump starting 

with a standing position followed by an immediate eccentric squat phase and concluded 

by a sudden extension of the lower extremities joint. The mechanics of the jump squat 

was thoroughly practiced by the participants before the start of the data gathering. There 

were four jumping performance tests administered to each participant. In order to 

prevent compounding effects such as fatigue, and post-activation potentiation, strict test 

protocol was observed.  Here is the order of the jumping test administration: (1) Vertical 

jump test. (2) Single-leg vertical jump tests, (3) Standing broad jump test, (4) Single-leg 

standing broad jump test. The trials per test were done 15-30 seconds after the previous 

jump. This was done for the participants to recover and have the optimal performance 

for the next jump (Nelson et al., 2018; Padulo et al., 2015; Read and Cisar, 2001). On 

the recovery time between jump tests, 12-15 minutes were used to ensure muscle 

recovery and prevent between-test compounding effect due to post-activation 

potentiation (Sue et al., 2016). However, the participants who did not feel recovered 

from the jump test trials or jump test despite of following the set recovery time were 
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permitted to rest and recover longer than the suggested recovery time. It was suggested 

that individualized recovery from exercises should also be implemented (Cortis et al., 

2010). 

Pretesting 

The participants were administered the selected jumping performance test. The 

procedure and protocols for the aforementioned tests were followed strictly to ensure a 

quality test administration. 

Administration of jump squat as post-activation potentiation and post-testing 

After the pretesting, three groups were randomly formed—different pre-jumping 

test routines were administered to each group. Group 1 did the same testing protocol as 

the pretesting. Group 2 did 5 x 3 jump squats 5 minutes before the first two vertical 

jumping tests. After the aforementioned time, the participants were administered the 

vertical jump and single-leg vertical jump tests. After this, the participant recovers for 

12-15 minutes to prevent the compounding effect of post-activation potentiation (Sue et 

al., 2019). Another administration of 5 x 3 jump squats was done 5 minutes prior to the 

horizontal jumping tests. The participants were administered the standing broad jump 

test followed by a single-leg standing broad jump. For Group 3, the same as Group 2, 

but the jump squat was done with a dumbbell, which weighs 10 percent of the 

participant’s body weight. The post-test commenced three days after the pretesting.  

Data analysis 

The study utilized a paired t-test for within-group comparison of the three 

groups implemented by different jump squat variations as ergogenic aid. The post-test 

data of each group was also compared with that of the other. With this, an analysis of 

variance was used. Parametric tests were employed in this study based on the 

assumption that the data follows a normal distribution. While this assumption can be 

difficult to verify in smaller samples, the central limit theorem suggests that, for sample 

sizes of 30 or more, the distribution of the sample mean approximates normality, even 

when the underlying population distribution is not perfectly normal. Therefore, with a 

sample size of 76, parametric tests were deemed appropriate for this analysis Lastly, the 
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significance level of .05 was selected. P-values equal to or less than the set significance 

level was interpreted as significant. 

Potential Ethical Issue 

The study underwent and passed the Local Ethics Committee of the College of 

Sports, Exercise, and Recreation, Bulacan State University, with control number CSER-

CRDU-2024-030. Also, this study adheres to the ethical principles of the Declaration of 

Helsinki, ensuring respect for the dignity, rights, and welfare of all participants. They 

were given a comprehensive briefing on the study, which included a discussion about 

their rights within the study context. Afterward, individuals were asked to provide 

informed consent by completing a consent letter. Subsequently, a Physical Readiness 

Questionnaire was administered to ascertain the presence of any concealed medical 

conditions among the subjects. To conclude, it is essential to emphasize that the 

acquired data was handled with utmost confidentiality and disclosed to the owner upon 

request. 

Results  

Table 3 shows the pretest and post-test results of vertical jumping performance 

without any post-activation potentiation protocols. Surprisingly, there was an 

improvement (t =2.25, p<.05) in the bilateral vertical jumping performance (VJT 
pretest=50.48±11.57 cm, VJT post-test=53.84±11.52 cm) of the participants even in the 

absence of jump squats as a post-activation potentiation protocol. However, 

improvement was not observed for unilateral vertical jumping for both right (SLVJT 

(R)  pretest=42.76±27.89 cm, SLVJT (R)  post-test=37.32±8.74 cm, t=.99, p=.33) and left 

lower extremities (SLVJT (L)  pretest=41.56±28.81 cm, SLVJT (L)  pretest=36.56±9.94 cm, 

t=.94, p=.36) without the implemented Post-activation potentiation protocol.  With this, 

H1 was rejected, but H2 was accepted. 

Meanwhile, It also shows the pretest and post-test results of horizontal jumping 

performance. Surprisingly, there was no significant improvement in the standing broad 

jump performance (SBJT pretest = 198.72 ± 41.25 cm, SBJT post-test = 208.36 ± 38.88 cm, t 

= 1.13, p = .27) of the participants. Similarly, no significant improvement was observed 

for unilateral horizontal jumping for both right (SLSBJT (R) pretest = 171.60 ± 31.29 cm, 
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SLSBJT (R) post-test = 168.28 ± 31.41 cm, t = 0.88, p = .39) and left lower extremities 

(SLSBJT (L) pretest = 167.84 ± 35.83 cm, SLSBJT (L) post-test = 166.36 ± 35.40 cm, t = 

0.39, p = .70) without the implemented post-activation potentiation protocol. With this, 

H3 and H4 were accepted. 

Table 3. No post-activation potentiation protocol jumping 

Jumping Test Pretest Post-test t-value p-value 

Vertical Jumping 

VJT 50.48±11.57 cm 53.84±11.52 cm 2.25 p<.05 

SLVJT (R)  42.76±27.89 cm 37.32±8.74 cm .99 .33 

SLVJT (L)  41.56±28.81 cm 36.56±9.94 cm .94 .36 

Horizontal Jumping 

SBJT 198.72±41.25 cm 208.36±38.88 cm 1.13 .27 

SLSBJT (R) 171.60±31.29 cm 168.28±31.41 cm .88 .39 

SLSBJT (L) 167.84±35.83 cm 166.36±35.40 cm .39 .70 

Note: Significance p<.05, VJT-Vertical Jump Test, SLVJT (R) – Single-leg Vertical Jump Test (Right), 

SLVJT (L) – Single-leg Vertical Jump Test (Left), SBJT-Standing Broad Jump Test, SLSBJT (R)- 

Single-Leg Standing Broad Jump Test (Right), SLSBJT (L)- Single-Leg Standing Broad Jump Test (Left) 

Table 4 shows the pretest and post-test results of vertical jumping performance 

with 5x3 jump squats as a post-activation potentiation protocol. Surprisingly, there was 

no significant improvement in the bilateral vertical jumping performance (VJT pretest = 

51.16 ± 12.47 cm, VJT post-test = 52.64 ± 12.03 cm, t = 1.21, p = .24) of the participants. 

However, significant improvement was observed for unilateral vertical jumping for both 

right (SLVJT (R)  pretest = 32.28 ± 8.14 cm, SLVJT (R)  post-test = 36.72 ± 7.13 cm, t = 

3.09, p>.05) and left lower extremities (SLVJT (L)  pretest = 30.36 ± 9.75 cm, SLVJT (L)  
post-test = 36.60 ± 8.14 cm, t = 3.70, p>.05) with the implemented Post-activation 

potentiation protocol. With this, H5 was rejected, but H6 was accepted. 

Meanwhile. It also shows the pretest and post-test results of horizontal jumping 

performance. Surprisingly, there was no significant improvement in the standing broad 

jump performance (SBJT pretest = 203.52 ± 35.93 cm, SBJT post-test = 207.12 ± 40.14 cm, t 

= 1.07, p = .29) of the participants. Similarly, no significant improvement was observed 
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for unilateral horizontal jumping for both right (SLSBJT (R) pretest = 168.88 ± 29.68 cm, 

SLSBJT (R) post-test = 167.96 ± 26.22 cm, t = 0.26, p = .79) and left lower extremities 

(SLSBJT (L) pretest = 168.40 ± 28.04 cm, SLSBJT (L) post-test = 164.20 ± 23.70 cm, t = 

1.35, p = .19) with the implemented post-activation potentiation protocol. With this, H7 

and H8 were rejected. 

Table 4. Jumping with 5x3 jump squat as a post-activation potentiation protocol 

Jumping Test Pretest Post-test t-value p-value 

Vertical Jumping 

VJT 51.16±12.47 cm 52.64±12.03 cm 1.21 .24 

SLVJT (R)  32.28±8.14 cm 36.72±7.13 cm 3.09 p<.05 

SLVJT (L)  30.36±9.75 cm 36.60±8.14 cm 3.70 p<.05 

Horizontal Jumping 

SBJT 203.52±35.93 cm 207.12±40.14 cm 1.07 .29 

SLSBJT (R) 168.88±29.68 cm 167.96±26.22 cm .26 .79 

SLSBJT (L) 168.40±28.04 cm 164.20±23.70 cm 1.35 .19 

Note: Significance p<.05, VJT-Vertical Jump Test, SLVJT (R) – Single-leg Vertical Jump Test (Right), 
SLVJT (L) – Single-leg Vertical Jump Test (Left), SBJT-Standing Broad Jump Test, SLSBJT (R)- 
Single-Leg Standing Broad Jump Test (Right), SLSBJT (L)- Single-Leg Standing Broad Jump Test (Left) 

Table 5 shows the pretest and post-test results of vertical jumping performance 

with 5x3 weighted jump squats as an Post-activation potentiation protocol. There was a 

significant improvement in the bilateral vertical jumping performance (VJT pretest = 

53.81 ± 15.41 cm, VJT post-test = 59.12 ± 15.03, t = 4.12, p = .00) of the participants. 

However, no significant improvement was observed for unilateral vertical jumping for 

both right (SLVJT (R)  pretest = 36.08 ± 11.26 cm, SLVJT (R)  post-test = 39.08 ± 10.48 cm, 

t = 1.82, p = .08) and left lower extremities (SLVJT (L)  pretest = 36.23 ± 11.57 cm, 

SLVJT (L)  post-test = 38.46 ± 11.78 cm, t = 1.44, p = .16) with the implemented Post-

activation potentiation protocol. With this, H9 was accepted but H10 was rejected. 

Meanwhile, it shows the pretest and post-test results of horizontal jumping 

performance. Surprisingly, there was no significant improvement in the standing broad 

jump performance (SBJT pretest = 203.65 ± 35.52 cm, SBJT post-test = 206.00 ± 34.00 cm, t 
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= 0.84, p = .41) of the participants. Similarly, no significant improvement was observed 

for unilateral horizontal jumping for both right (SLSBJT (R) pretest = 172.73 ± 33.31 cm, 

SLSBJT (R) post-test = 171.85 ± 26.98 cm, t = 0.37, p = .72) and left lower extremities 

(SLSBJT (L) pretest = 172.00 ± 31.43 cm, SLSBJT (L) post-test = 170.50 ± 25.79 cm, t = 

0.62, p = .54) with the implemented post-activation potentiation protocol. H11 and H12 

were rejected. 

Table 5. Jumping with a 5x3 weighted jump squat as a post-activation potentiation 

protocol 

Jumping Test Pretest Post-test t-value p-value 

Vertical Jumping 

VJT 53.81±15.41 cm 59.12±15.03 cm 4.12 p<.05 

SLVJT (R)  36.08±11.26 cm 39.08±10.48 cm 1.82 .08 

SLVJT (L)  36.23±11.57 cm 38.46±11.78 cm 1.44 .16 

Horizontal Jumping 

SBJT 203.65±35.52 cm 206.00±34.00 cm .84 .41 

SLSBJT (R) 172.73±33.31 cm 171.85±26.98 cm .37 .72 

SLSBJT (L) 172.00±31.43 cm 170.50±25.79 cm .62 .54 

Note: Significance p<.05, VJT-Vertical Jump Test, SLVJT (R) – Single-leg Vertical Jump Test (Right), 
SLVJT (L) – Single-leg Vertical Jump Test (Left), SBJT-Standing Broad Jump Test, SLSBJT (R)- 
Single-Leg Standing Broad Jump Test (Right), SLSBJT (L)- Single-Leg Standing Broad Jump Test (Left) 

Table 6 shows the comparison between different post-activation potentiation 

protocols implemented before VJTs. For bilateral vertical jumping performance, the 

post-test data (VJT NPAP=53.84±11.52 cm, VJT JS=52.64±12.03 cm, VJT 
WJPS=59.12±15.03 cm) among the three groups were found to be insignificantly different 

(f=.52, p =.60). For unilateral vertical jump, the right (SLVJT (R)  NPAP=37.32±8.74 cm, 

SLVJT (R)  JS=36.72±7.13 cm, SLVJT (R)  WJPS=39.08±10.48 cm)  and left (SLVJT (L)  
NPAP=36.56±9.94 cm, SLVJT (L)  JS=36.60±8.14 cm, SLVJT (L)  WJPS=38.46±11.78 cm)  

extremities were found to have insignificant difference (right: f=.45, p=.64) (left: 

f=1.51,p=.24) among the three groups. 
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Meanwhile, it also shows the comparison between different post-activation 

potentiation protocols implemented before horizontal jump tests. For bilateral horizontal 

jumping performance, the post-test data (SBJT NPAP = 208.36 ± 38.88, SBJT JS = 207.12 

± 40.14, SBJT WJPS = 206.00 ± 34.00) among the three groups were found to be 

insignificantly different (f = 0.08, p = 0.92). For unilateral horizontal jump, the right 

(SLSBJT (R) NPAP = 168.28 ± 31.41 cm, SLSBJT (R) JS = 167.96 ± 26.22 cm, SLSBJT 

(R) WJPS = 171.85 ± 26.98) and left (SLSBJT (L) NPAP = 166.36 ± 35.40 cm, SLSBJT (L) 
JS = 164.20 ± 23.70, SLSBJT (L) WJPS = 170.50 ± 25.79 cm) extremities were found to 

have insignificant differences (right: f = 0.12, p = 0.89; left: f = 0.19, p = 0.83) among 

the three groups. H13, H14, H15 and H16 were rejected 

Table 6. Comparison of Jumping Performance among Groups 

Jumping Test NPAP JS WJS f-value p-value 

Vertical Jumping 

VJT 53.84±11.52 cm 52.64±12.03 cm 59.12±15.03 cm .52 .60 

SLVJT (R)  37.32±8.74 cm 36.72±7.13 cm 39.08±10.48 cm .45 .64 

SLVJT (L)  36.56±9.94 cm 36.60±8.14 cm 38.46±11.78 cm 1.51 .24 

Horizontal Jumping 

SBJT 208.36±38.88 cm 207.12±40.14 cm 206.00±34.00 cm .08 .92 

SLSBJT (R) 168.28±31.41 cm 167.96±26.22 cm 171.85±26.98 cm .12 .89 

SLSBJT (L) 166.36±35.40 cm 164.20±23.70 cm 170.50±25.79 cm .19 .83 

Note: Significance p<.05, VJT-Vertical Jump Test, SLVJT (R) – Single-leg Vertical Jump Test (Right), 

SLVJT (L) – Single-leg Vertical Jump Test (Left), SBJT-Standing Broad Jump Test, SLSBJT (R)- 

Single-Leg Standing Broad Jump Test (Right), SLSBJT (L)- Single-Leg Standing Broad Jump Test 

(Left), NPAP- No Post-activation Potentiation, JS-Jump Squat, WJS- Weighted Jump Squat 

Discussion 

Jump squat 

The study had limitations that can be recommended for further investigation 

within the research topic. The post-activation protocol used in the study includes two 

variations of jump squats. One whose load is purely body weight and the other, with an 

external weight of 10 percent of the participant’s body mass, was supplied by dumbells. 
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The jump was directed vertically. The other direction of jumping, such as horizontal and 

lateral, was not used for post-activation potentiation.  As for the jumping performance, 

it was divided based on direction, vertically and horizontally. These categories were 

further divided into unilateral and bilateral. The result of the study only limits this type 

of jumping. Other directions of the jump, such as lateral and backward, were not 

investigated. Lastly, the field tests used in the study were validated and reliable. 

However, it may limit the data it can produce to vertical and horizontal distances of 

jumps. 

The study conducted a within-group comparison among the three groups. A 

paired t-test was used to analyze whether the changes recorded in jumping performance 

were significant were significant. For Group 1, which did not receive any post-

activation potentiation protocol, H1 was rejected, but H2 was accepted. The 

improvement was seen in vertical jumping performance. However, an insignificant drop 

in performance was observed for the unilateral vertical jumping of both lower 

extremities. In the absence of a jump squat as an ergogenic aid, the bilateral vertical 

jump performance was seen to have improved. This can be explained by short-term 

recovery. Even a short period of recovery, such as three days after the pretesting, slight 

improvements in performance can be attributed to muscle recovery and reduced fatigue 

(Santos et al., 2016). Also, neuromuscular adaptations within a short timeframe are 

assumed to contribute to this improvement (Šarabon et al., 2020). Not only the 

physiological aspect should be scrutinized, but also the psychological aspect. The 

learning effect can contribute to the performance increase as the participants tend to be 

more familiar with the field tests administered to them (Massuca & Branco, 2016). As 

familiarity with the test sets in, reduced anxiety is likely as the participants were already 

experienced with administering the field test (Van Raalte et al., 2015). With this, 

increased motivation can also be a reason, as the pretest scores were shared with the 

participants, which might have enhanced their motivation to aim for a higher score 

(McEwan et al., 2019). As for the horizontal jumping performance, H3 and H4 were 

accepted. There was an insignificant change in both the bilateral and unilateral 

horizontal jumping performance. Previous studies can confirm the result of the study on 
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horizontal jumping performance. Implementing paused box squats as a post-activation 

potentiation protocol before the standing broad jump did not significantly improve 

bilateral jumping (Seitz et al., 2016). Regarding unilateral jumping performance, 

Horizontal drop jumps, and other dynamic resistance and weighted plyometric exercises 

before an activity improves sprinting performance compared to control counterparts 

(Kitani et al., 2020; Piper et al., 2020). The result suggests that without post-activation 

potentiation protocol, such as jump and squat, can hinder the execution of maximum 

horizontal performance among the participants. The results further discuss post-

activation potentiation, particularly in setting a baseline group. When creating the data-

gathering procedure, physiological and psychological changes from the pretest to the 

post-test should be considered. Further studies are suggested to create a more robust and 

rigorous data-gathering procedure concerning baseline groups. 

As for Group 2, who did 5 x 3 jump squats prior to the jumping performance 

testing, With this, H5 was rejected, but H6 was accepted. The improvement was not seen in 

the bilateral vertical jumping performance. However, the unilateral jumping 

performance of both lower extremities was found to be improved by the 5 x 3 jump 

squat. No previous studies can directly support the improvement of unilateral vertical 

jumping performance due to jumping squats, a plyometric exercise used as a post-

activation potentiation protocol. Some studies used unilateral exercises such as PAP to 

increase bilateral, counter-movement jump performance (Iacono et al., 2016). However, 

the causal relationship was different from what the present study portrayed. Certain 

principles and studies can indirectly explain the result. Neuromuscular adaptations and 

transfer can explain that bilateral exercises such as jump squats can enhance 

neuromuscular efficiency and can be transferred to unilateral tasks such as single-leg 

vertical jump tests (Liao et al., 2021). Bilateral deficit refers to the higher total force 

produced by unilateral movements than bilateral counterparts (Botton et al., 2016). 

However, bilateral exercise training can improve unilateral movements due to increased 

neural drive and intermuscular coordination (Liao et al., 2021). Although there was a 

lack of specificity in terms of the movement of the jump squat, bilateral plyometric 

training can still improve both bilateral and unilateral jumping performance (Makaruk et 
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al., 2011).  As for the horizontal jumping performance, H7 and H8 were rejected. There 

was an insignificant change in both the bilateral and unilateral horizontal jumping 

performance. Likewise, no studies can directly support the present study's result. 

However, principles and several studies can indirectly explain it. Training specificity is 

essential in training to promote desired adaptations (Coffey & Hawley, 2017; Stankovic 

et al., 2019). The jump squat as a post-activation potentiation protocol was not specific 

for horizontal jumping in terms of movement. Moreover, a jump squat is a vertical 

jumping movement that demands the body to be propelled upward through the 

explosive extension of the lower extremities' joint. With this, insignificant improvement 

can be linked to the principle of specificity. The results of the study in terms of using 

jump squats as post-activation potentiation to improve horizontal and vertical jumping 

performance opens a discussion on the potential subject of research, such as bilateral 

vertical jumping exercises as jump squats are used as a post-activation potentiation 

protocol on unilateral vertical jumping performance, and movement specificity 

consideration in implementing the post-activation potentiation protocol. Future studies 

were suggested to replicate the study to validate the result and implement other PAP 

protocols to enhance jumping performance. 

Lastly, Group 3 performed weighted jump squats as post-activation potentiation. 

H9 was accepted but H10 was rejected. Bilateral vertical jumping performance was 

found to be enhanced by the weighted 5x3 jump squat. However, an insignificant 

increase in performance was observed for the unilateral vertical jumping of both lower 

extremities. There was a scarcity of studies that could support the results directly. An 8-

week Weighted jump-squat training program increased soccer players' agility and sprint 

performance (Coratella et al., 2018). However, the study focused on the long-term effect 

of weighted jump squats on certain fitness parameters. With this, the result of the 

present study opens a discussion on the acute effect of weighted jump squats on 

parameters such as bilateral vertical jumping performance. The principles such as 

specificity (Coffey & Hawley, 2017; Stankovic et al., 2019) may explain the result. The 

movement in the said post-activation potentiation was similar to the bilateral vertical 

jump test. This similarity is a contributing factor to the improvement in the jumping 
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performance. This also explained the insignificant improvement in the unilateral vertical 

jumping performance. Since the jumping mechanics of the said jumping performance 

are far in terms of the movement pattern, potentiation was not transferred. Moreover, in 

bilateral and unilateral horizontal jumping, H11 and H12 were rejected. The performance 

improvement was also not seen because of the different movement patterns of the post-

activation potentiation protocol to the jumping mechanics. This implies that post-

activation potentiation activity with the same movement pattern as the actual fitness or 

sports skill significantly improves the fitness or sports skill. Future studies were 

suggested to administer a post-activation potentiation protocol specific to the fitness 

parameters or sports skills that need improvement. 

After implementing respective post-activation potentiation, the study also 

compared the three groups' jumping performance. It was revealed that H13, H14, H15 and 

H16 were rejected. The differences in the post-test data of the three groups was analyzed 

using analysis of variance. Vertical and horizontal jumping performance for both 

bilateral and unilateral lower extremities among the groups was found to be 

insignificantly different from each other. With this, there was no superior post-

activation potentiation in improving jumping performance among the participants. With 

the scarcity of studies that compare body weight versus weighted plyometric exercise as 

a post-activation potentiation protocol, there needs to be a study that can directly 

support the study. However, several studies may indirectly explain the result of the 

study. Post-activation potentiation relies on a high-intensity stimulus, such as 

plyometric or heavy resistance exercises, to enhance subsequent performance (Brown & 

Loeb, 1998). With this, both body weight and weighted plyometric exercises might 

provide similar potentiation to jumping performance. It can be assumed that 10 percent 

of the participant’s mass as an external load to jump squat is inadequate to trigger 

potentiation. In a study about boxers, plyometric training with external weights 

improves power endurance but not punching power (Bružas et al., 2018). Although the 

study investigated the effect of plyometric exercises induced as a training program, it 

explained plyometric exercises performed with external loads. Also, plyometric exercise 

used as a training program and post-activation potentiation were correlated as the level 
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of potentiation depends on the individual’s strength and resistance training experience 

(Seitz & Haff, 2016). On the other hand, adding external weight in jump squats as post-

activation potentiation can increase the likelihood of fatigue, jeopardizing the 

potentiation effect. If the weighted plyometric exercise, jump squat, induces more 

fatigue than bodyweight exercises, the potentiation effect might not be triggered, 

resulting in no significant difference in performance outcomes. A study suggested that 

using additional weight in plyometric exercises such as sprint as post-activation 

potentiation should be further studied by implementing varying external weights 

(Turner et al., 2015). The result of the present study opens a discussion on external load 

on plyometric exercise as a post-activation potentiation protocol—specifically, the 

weight of the external load where it will induce potentiation or fatigue. Future studies 

were suggested to investigate jump squats' optimal external load weight to induce 

superior potentiation on fitness parameters. 

Conclusion 

The three groups were tested for vertical and horizontal jumping performance 

under different post-activation potentiation protocols. Group 1, which received no post-

activation potentiation protocol, showed an improvement in bilateral vertical jump 

performance, while the unilateral vertical jump and both horizontal jumps exhibited 

insignificant changes. Group 2, who performed 5x3 jump squats prior to the testing, 

exhibited an improvement in unilateral vertical jump performance. However, 

improvements in bilateral vertical or horizontal jumps were not observed. Lastly, Group 

3, who performed weighted jump squats, exhibited enhanced bilateral vertical jump 

performance with no significant enhancement on unilateral vertical and horizontal 

jumps. In totality, the differences in jumping performance between the groups were 

statistically insignificant. The study suggests that the absence of post-activation 

potentiation protocols, like jump squats, may limit maximum horizontal performance 

and highlights the need to account for physiological and psychological changes when 

setting baseline groups. The findings on using jump squats as post-activation 

potentiation to enhance horizontal and vertical jumping performance suggest further 

research on the effectiveness of bilateral vertical jumping exercises for improving 
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unilateral performance, with an emphasis on movement specificity in PAP protocols. It 

also implies that post-activation potentiation activity with the same movement pattern as 

the actual fitness or sports skill significantly improves the fitness or sports skill. Lastly, 

it also prompts a discussion on the use of external load in plyometric exercises as a 

post-activation potentiation protocol, specifically focusing on the optimal weight that 

induces potentiation without causing fatigue. Further studies are recommended to 

develop more robust and rigorous data-gathering procedures, particularly concerning 

baseline groups. Replicating the study is also suggested to validate the results, and the 

implementation of alternative PAP protocols to enhance jumping performance should 

be explored. Additionally, it is recommended that Post-Activation Potentiation (PAP) 

protocols be tailored specifically to the fitness parameters or sports skills requiring 

improvement. Future research should also investigate the optimal external load for jump 

squats to maximize potentiation effects on fitness outcomes 
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