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Abstract

Study aim: This study aimed to develop vertical jumping power normative-reference standards based on a large cohort of
Canadian university students.
Material and methods: Data were collected from a sample of 960 male and female participants, aged 20 to 29 years (mean
body mass index [BMI]: 24.44 ± 3.80). Participants performed the Sargent jump-and-reach test using a wall-mounted vertical
jumping height scale, where vertical jump distance (VJD) was determined by subtracting standing reach height from vertical
jumping reach height. An independent samples t-test was conducted to compare the means of all variables (i.e., absolute power,
relative power, and VJD) and to test for statistical significance between sexes.
Results: Data from all variables were higher (𝑝 < 0.05) among male participants, including absolute power (W), relative power
(W·kg-1), and VJD (m), and statistically significant differences between sexes were noted. Collected data facilitated the creation
of sex-specific normative-reference standards including percentile rankings and seven performance classifications.
Conclusions: These norms will be instrumental in supporting the convenient and practical evaluation of vertical jumping power
performance data and may even reduce the need for other, more exhaustive testing methods (e.g., Wingate Anaerobic Test).

Keywords: Anaerobic power -- Vertical jump -- Sargent jump-and-reach test -- Absolute power --
Relative power

Introduction

Anaerobic power provides immediate energy during
periods of high-intensity, short-duration exercise lasting
less than ten seconds (McArdle et al., 2010). It is generated
using anaerobic energy sources (i.e., oxygen is not directly
used) in skeletal muscle and is heavily dependent on the
maximum amount of adenosine triphosphate (ATP) that
is produced by the phosphocreatine (PC) system per unit
of time (McArdle et al., 2010). While anaerobic power
is a key component in assessing overall athletic ability, it
plays a critical role in the performance of and success in
specific athletic events (e.g., sprinting, jumping, weight-
lifting, etc.), where it is essential to generate power in a
short period of time (McArdle et al., 2010). Anaerobic
fitness, which is the capacity to perform activities and
exercises that involve the use of anaerobic power, is closely
associated with daily functional ability (Lelieveld et al.,
2007). Anaerobic fitness is an essential component of
performing everyday tasks that are short-term and intensive
in nature, including climbing the stairs (Lelieveld et al.,

2007; Takken et al., 2003). As such, poor anaerobic fitness
can considerably impact daily functioning, making it more
challenging to perform certain tasks, while ultimately af-
fecting general fitness and health (Lelieveld et al., 2007;
Takken et al., 2003). An example of a test that is used
to quantify anaerobic power output is the Sargent jump-
and-reach test (McArdle et al., 2010). This test meas-
ures vertical jump distance (VJD), which is the difference
between standing reach height and maximum vertical jump
touch height (McArdle et al., 2010). Once obtained, VJD
from the Sargent jump-and-reach test can be entered into a
predictive equation to compute peak power (PP), expressed
in Watts (W) (Brooks et al, 2005; McArdle et al., 2010).

Since VJD can be used to calculate PP, this contributes
to the effectiveness of the vertical jump test in evaluating
anaerobic performance (Brooks et al, 2005; McArdle et al.,
2010). While the Wingate Anerobic Test (WAnT) can also
quantify PP, its use involves more elaborate procedures
and responsibilities on behalf of both the participant and
the investigator, in comparison to the vertical jump test
(Duquette et al., 2024; Zupan et al., 2009). For example,
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the vertical jump test is quick and easy to conduct, requires
minimal and inexpensive equipment, and does not require
the presence of extensively trained personnel to monitor
test completion (Ramírez-Vélez et al., 2017). Moreover, it
is more practical for the vertical jump test to be performed
by a wide range of populations with varying athletic abil-
ities (Ramírez-Vélez et al., 2017). This test is also non-
exhausting and less strenuous than the WAnT, therefore,
minimizing the health and safety risks for participants
(Ramírez-Vélez et al., 2017). The use of the Sargent jump-
and-reach test is bolstered by the fact that it is a reliable
and valid research tool (de Salles et al., 2012; Markovic
et al., 2004). While there are numerous advantages to
utilizing the vertical jump test to assess anaerobic power, its
evaluative capacity is limited by the paucity of established
normative-reference standards in the literature based on
large participant cohorts. Therefore, the development of a
set of norms would be especially valuable for evaluating
various participant groups (e.g., athletic and general/non-
athletic populations). Athletes, especially individuals who
participate in sports that require proficiency in anaerobic
power (e.g., volleyball, basketball, ice hockey, etc.), may
utilize norms to identify baseline performance or to track
improvements throughout the completion of a training
program. In contrast, normative-reference values can be
employed by general, non-athletic populations, as they
can act as a reference for comparison to assess health
status (especially since the test is easy to conduct). This
may, in fact, serve to motivate individuals to work toward
achieving improved levels of physical fitness and anaerobic
capacity, thus potentially leading to the amelioration of
their overall health and functioning.

Several studies have examined the use of the vertical
jump test as a tool to ultimately assess vertical jumping
power (Bovet et al., 2007; Çakir-Atabek, 2014; Changela
& Bhatt, 2012; de Salles et al., 2012; Donskov et al., 2021;
Gross & Lüthy, 2020; Holm et al., 2008; Kochanowicz et
al., 2016; Markovic et al., 2004; Nikolaidis et al., 2016;
Patterson & Peterson, 2004; Payne et al., 2000; Ramírez-
Vélez et al., 2017; Sumnik et al., 2013; Taylor et al., 2010;
Temfemo et al., 2008; Tounsi et al., 2014). Some studies
specifically used the Sargent jump-and-reach test (de Salles
et al., 2012; Markovic et al., 2004), whereas others imple-
mented different variations of the vertical jump test (e.g.,
squat jump [Gross & Lüthy, 2020; Markovic et al., 2004;
Nikolaidis et al., 2016; Temfemo et al., 2008; Tounsi et al.,
2014] or single-leg jump [Donskov et al., 2021]), or used
predictive equations (Çakir-Atabek, 2014; Gross & Lüthy,
2020; Patterson & Peterson, 2004; Ramírez-Vélez et al.,
2017; Sumnik et al., 2013; Taylor et al., 2010; Tounsi et al.,
2014) to determine vertical jumping power. Additionally,
there has been a focus on appraising the validity and reli-
ability of the Sargent jump-and-reach test (de Salles et al.,
2012; Markovic et al., 2004). The majority of the literature
has adopted a narrowed approach by analyzing vertical
jumping power data and generating norms solely based on

specific populations. For example, vertical jumping power
has been reported among children, defined as individuals
aged six to 15 years (Holm et al., 2008; Kochanowicz
et al., 2016; Ramírez-Vélez et al., 2017; Taylor et al.,
2010) and adolescents, defined as individuals aged 10 to
19 years (Bovet et al., 2007; Çakir-1, 2004; Changela &
Bhatt, 2012; de Salles et al., 2012; Donskov et al., 2021;
Nikolaidis et al., 2016; Sumnik et al., 2013; Temfemo et
al., 2008; Tounsi et al., 2014). Furthermore, different high
school (Changela & Bhatt, 2012), elite (Donskov et al.,
2021), and professional (Gross & Lüthy, 2020) athletic
populations have been assessed. Lastly, various nations’
populations (e.g., Brazilian [de Salles et al., 2012], Colom-
bian [Ramírez-Vélez et al., 2017], Czech [Sumnik et al.,
2013], British [Taylor et al., 2010], Tunisian [Tounsi et al.,
2014], etc.) have been a highlighted focus of study. Many
of these studies have reported data regarding both absolute
and relative vertical jumping power (Çakir-Atabek, 2014;
Payne et al., 2000; Pennington, 2014; Ramírez-Vélez et
al., 2017), as well as VJD (Bovet et al., 2007; Çakir-
Atabek, 2014; Patterson & Peterson, 2004; Payne et al.,
2000; Ramírez-Vélez et al., 2017; Sumnik et al., 2013;
Taylor et al., 2010; Tounsi et al., 2014). While some studies
have published percentile rankings (Bovet et al., 2007;
Patterson & Peterson, 2004; Payne et al., 2000; Ramírez-
Vélez et al., 2017; Sumnik et al., 2013; Taylor et al., 2010;
Tounsi et al., 2014), very few performance classifications
based on vertical jumping power data have been developed
(Brooks et al., 2007). Additionally, few studies have been
uniquely dedicated to establishing vertical jumping power
normative-reference standards based on a large Canadian
participant population (Payne et al., 2000).

Due to a narrowed focus on the aforementioned pop-
ulations, the results of corresponding studies lack gen-
eralizability to individuals who are not representative of
the studied populations. This, in turn, means that the
normative-reference values that currently exist in the liter-
ature cannot be used for accurate comparison and analysis
among the present Canadian adult population. Therefore,
the current study aimed to develop peak vertical jumping
power normative-reference standards, including percentile
rankings and performance classifications, based on a large-
scale, university-aged healthy Canadian population.

Materials and methods

A sample population of 960 participants volunteered
to complete the Sargent jump-and-reach test with the ul-
timate goal of determining peak vertical jumping power.
VJD, measured in inches and converted to metres (m),
was quantified during testing, and subsequently used to
determine absolute (W) and relative (W·kg-1) (PP). The de-
pendent variables (i.e., absolute power, relative power, and
VJD) were analyzed (𝑝 < 0.05) to assess for statistically
significant differences between sexes and to allow for the
development of normative-reference standards, percentile
rankings, and performance classifications.
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Participants
Participants were students enrolled in a human and

exercise physiology laboratory-based course in the De-
partment of Kinesiology at a Canadian university. A con-
venience sample was used since the inclusion criterion
was course enrollment (𝑛 = 1042; 82 of which either
declined participation [69], were excluded based on age
[two – see below], had missing data [three], or a data
entry error prevented the use of their data [eight]). Data

collection occurred throughout nine semesters across a
nine-year period (Fall 2010 to 2019). Following exclusions
(described below in Statistical Analyses), 960 participants
(422 males and 538 females) who ranged in age from
20 to 29 years participated in testing. The demographic
characteristics (i.e., sex, age, body mass [BM], height, and
body mass index [BMI]) of study participants are presented
in Table 1.

Table 1. Demographic characteristics of study participants

Characteristics Males (𝑁 = 422) Females (𝑁 = 538) Total (𝑁 = 960)

Age (years) 21.50 21.15 21.31

Body Mass (kg) 81.08 ± 13.46 64.82 ± 11.69 71.97 kg ± 14.88

Height (m) 1.79 ± 0.01 1.66 ± 0.01 1.71 ± 0.01

Body Mass Index (kg/m2) 25.36 ± 3.46 23.71 ± 3.89 24.44 ± 3.80

*Abbreviations: N, sample size; kg, kilograms; m, metres.

This study’s sample population encompassed parti-
cipants with diverse athletic and fitness abilities (although
this information was not quantified). Prior to testing,
participants were required to complete the Get Active
Questionnaire (Canadian Society for Exercise Physiology
[CSEP], 2017) or a Physical Activity Readiness Question-
naire (to screen for the absence of contraindications to
exercising) and sign institutionally cleared review board
consent forms. Before performing the Sargent jump-and-
reach test, it was imperative that participants conducted
a proper warm-up to reduce injury risk, which involved
activities such as running in-place, jumping jacks, and/or
high knee jogging. The university’s Research Ethics Board
cleared this study. This study was conducted in compliance
with the Declaration of Helsinki.

Protocol
The Sargent jump-and-reach test was conducted using

a 1.27 m (50-inch) wall-mounted vertical jumping height
scale (Canada), the bottom of which was positioned at
a height of 1.91 m (75 inches) from the floor, marking
the “zero line”. Prior to testing, participants’ BMs were
obtained using the Physician Mechanical Balance Beam
Scale (United States of America [USA], catalogue number:
654-450 KL).

All participants were required to follow the instructions
provided in order to maximize safety while completing
the Sargent jump-and-reach test (e.g., avoiding food con-
sumption and smoking tobacco two hours prior to testing
and refraining from caffeine and alcohol consumption and
engaging in strenuous exercise six hours prior to testing).

As proper form and technique are essential when com-
pleting the Sargent jump-and-reach test, it was imperative

for participants to carefully follow the test’s outlined pro-
cedures. Specifically, participants were only allowed one
movement down during the test. Any additional counter-
movements, such as swinging of the arms and/or hands
could serve to improve performance and thus were not per-
mitted. In order to calculate peak vertical jumping power,
VJD (measured in inches) was first determined. VJD was
defined as the value obtained when the standing reaching
height (in inches) was subtracted from the vertical jumping
reach height (in inches), as measured on the wall-mounted
scale. To acquire standing reaching height, the participant
stood with their dominant shoulder adjacent to the wall,
while their shod feet were parallel, flat on the floor, and
shoulder-width apart. Additionally, the participant’s dom-
inant arm reached as high as possible on the wall, with their
arm and fingers fully extended, so that the palm of their
hand was flat against the wall-mounted vertical jumping
height scale. The highest point that the participant reached
(typically the tip of their middle finger) was recorded by
the investigator as their standing reaching height.

Next, to obtain vertical jumping reach height, the par-
ticipant was instructed to assume a ready position, which
required the adjustment of their feet into a comfortable
jumping take-off stance, where they remained, without
moving, prior to the vertical jump. To ensure that they were
situated at an appropriate distance away from the wall,
the participant placed their elbow on their hip to verify
that there was minimal contact with the wall (i.e., their
elbow was only allowed to brush against the wall). They
then brought their arms downward and from backward to
forward (one countermovement) while bending their knees
into a semi-squat position. Following one rapid bend of
the knees, the participant completed the vertical jump.
This entailed moving their arms forward and upward while
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reaching and touching as high as possible on the wall-
mounted vertical jumping height scale with their arm and
fingers fully extended. The highest point touched by the
participant was recorded. Participants were advised to land
with their knees bent in order to absorb the forces created
upon impact with the ground. Three jumps, each separated
by a 10- to 15-second recovery period, were completed.
The highest value recorded of the three jumps was used to
determine VJD, which was subsequently used to calculate
peak vertical jumping power.

Since the wall-mounted vertical jumping height scale
utilized inches as the unit of measurement, VJD was
converted from inches to centimetres (cm) prior to being
entered into a predictive equation developed by Sayers et
al. (1999) to determine (PP) (PP[W] = 60.7 ⋅ VJD[cm] +
45.3 ·BM[kg]−2055). Additionally, all variables that were
measured (i.e., standing reaching height, vertical jumping
reach height, and VJD) and calculated (i.e., PP) during
testing were recorded by the investigator and saved for
future analyses. The present study employed the Sayers
Equation 2A (Sayers et al., 1999) to compute PP (in W)
instead of the Lewis Equation (Fox & Mathews, 1974)
(power [kgm/s] = 2.21 · BM[kg] · √VJD[m]), which has
been found to possess several limitations (Harman et al.,
1991). As reported by Harman et al. (1991), the Lewis
Equation (Fox & Mathews, 1974) should no longer be used,
as it was developed based on a small sample size, has
never been peer-reviewed, and does not provide an accurate
prediction of average power or PP. In fact, the Lewis
Equation (Fox & Mathews, 1974) tends to underestimate
PP by 70% in comparison to the Sayers Equation (Harman
et al., 1991; Sayers et al., 1999).

Statistical Analyses
Before the main statistical analyses were performed,

the collected data were meticulously examined for the
presence of abnormalities. Any outliers identified in the
raw data were included in the statistical analyses, as long
as they were not considered to be erroneous due to human
or data entry errors. Data were removed from the dataset
for various reasons: data entry errors (eight), missing data
(three), and age (two participants 40+ years of age, as they
were not considered to be representative of the population
being studied). This led to the generation of the study’s
final sample size (𝑛 = 960 individuals, 422 males and
538 females). Statistical analyses were completed using
the International Business Machines Corporation (IBM)
Statistical Package for the Social Sciences (SPSS) software
(version 28) (USA). Mean and standard deviation (SD)
values for absolute power, relative power, and VJD were
generated in SPSS using frequencies and descriptive stat-
istics. Absolute PP was provided in W, relative PP was
expressed in W·kg-1, and VJD was provided in m. In order
to compare the means of the dependent variables (i.e.,
absolute power, relative power, and VJD) and test for stat-
istical significance (𝑝 < 0.05) between males and females,

an independent samples t-test was run, and Cohen’s d was
used to determine effect size.

Vertical jumping power classifications were developed
for both sexes based on absolute (W) and relative (W·kg-1)
PP, as well as VJD (m). The first step required to construct
the performance classifications was to compute the range
and Z-scores for the raw absolute power, relative power,
and VJD data. The ranges were then divided by seven
to allow for the creation of seven classifications, each
separated by equal raw data scores and SD intervals. The
procedure used to construct performance classifications
in the present study was identical to the method used by
Duquette et al. (2024) and a modification to the method
used by Zupan et al. (2009). Male absolute power (W) had
a Z-score range of 8.36 (−3.13 to 5.23). As such, all seven
performance classifications were separated by 1.19 SDs,
which corresponded to equal raw data score categories of
1097 W (since the raw data score range of 7681 W was
divided by seven). For example, 1097 W was subtracted
from the largest raw PP score collected (9536 W−1097 W)
to produce an ‘elite’ classification of > 8439 W. Similarly,
1097 W was subtracted from 8439 W to produce an ‘ex-
cellent’ classification of 7342 W − 8439 W. The range of
Z-scores for female absolute power (W) was 8.00 (−2.68
to 5.32), which resulted in each performance classification
being separated by intervals of 1.14 SDs and corresponded
to equal raw data score categories of 889 W (since the raw
data score range of 6220 W was divided by seven). For
example, 889 W was subtracted from the largest raw PP
score collected (7109 W − 889 W) to produce an ‘elite’
classification of > 6220 W. Similarly, 889 W was subtrac-
ted from 6220 W to produce an ‘excellent’ classification
of 5331 W − 6220 W. Following the procedure used by
Duquette et al. (2024) that modified the work of Zupan et
al. (2009), the performance classifications were labeled as
‘elite’, ‘excellent’, ‘above average’, ‘average’, ‘below aver-
age’, ‘fair’, and ‘poor’. The same process was used to gener-
ate performance classifications for relative power and VJD.

Results

Results generated from the Sargent jump-and-reach
test, presented in Table 2, encompass absolute (W) and
relative (W·kg-1) PP and VJD (m) data. Statistical analysis
using independent samples t-tests revealed statistically
significant sex-based differences across all performance
variables, with male participants exhibiting higher values
in each metric assessed. Effect sizes indicated large dif-
ferences between groups. The collected data were sub-
sequently used to create seven sex-specific performance
classifications, ranging from ‘poor’ to ‘elite’ (Tables 3
and 4). Additionally, percentile rankings for male and
female absolute PP, relative PP, and VJD were created
(Tables 5 and 6). These rankings were calculated in SPSS
using descriptive and frequency analyses and were reported
at five-percentile intervals from the fifth to 95th percentile.
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Table 2. Vertical jumping power in young Canadian adults

Variable Sex N Mean ± SD Minimum –
Maximum

Absolute Power (W)
Males 422 4831 ± 1046 1855–9536

Females 538 3106 ± 841 889–7109
Total 960 3864 ± 1269 889–9536

Relative Power (W·kg-1)
Males 422 59.90 ± 10.93 26.57–127.23

Females 538 48.07 ± 10.82 16.39–130.73
Total 960 53.27 ± 12.35 16.39–130.73

Vertical Jump Distance (m)
Males 422 0.53 ± 0.14 0.04–1.19

Females 538 0.37 ± 0.11 0.06–1.05
Total 960 0.44 ± 0.15 0.04–1.19

*Abbreviations: N, sample size; W, watts; W·kg-1, watts per kilogram; m, metres.

Table 3. Vertical jumping power classifications for males

Classifications Absolute Power
(W)

Relative Power
(W·kg-1)

Vertical Jump Distance
(m)

Elite > 8439 > 112.85 > 1.03
Excellent 7342–8439 98.47–112.85 0.87–1.03
Above Average 6245–7341 84.09–98.46 0.71–0.86
Average 5148–6244 69.71–84.08 0.55–0.70
Below Average 4051–5147 55.33–69.70 0.39–0.54
Fair 2954–4050 40.95–55.32 0.23–0.38
Poor < 2954 < 40.95 < 0.23

*Abbreviations: W, watts; W·kg-1, watts per kilogram; m, metres.
*Note: Classifications for absolute power (in W) were calculated by rounding to the closest whole number value, and classifications
for relative power (in W·kg-1) and VJD (m) were calculated by rounding to the closest two decimal places.

Table 4. Vertical jumping power classifications for females

Classifications Absolute Power (W) Relative Power (W·kg-1) Vertical Jump Distance (m)

Elite > 6220 > 114.40 > 0.91
Excellent 5331–6220 98.07–114.40 0.77–0.91
Above Average 4442–5330 81.74–98.06 0.63–0.76
Average 3553–4441 65.41–81.73 0.49–0.62
Below Average 2664–3552 49.08–65.40 0.35–0.48
Fair 1775–2663 32.75–49.07 0.21–0.34
Poor < 1775 < 32.75 < 0.21

*Abbreviations: W, watts; W·kg-1, watts per kilogram; m, metres.
*Note: Classifications for absolute power (in W) were calculated by rounding to the closest whole number value, and classifications
for relative power (in W·kg-1) and VJD (m) were calculated by rounding to the closest two decimal places.
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Table 5. Vertical jumping power percentile rankings for
males

Percentiles Absolute
Power (W)

Relative
Power

(W·kg-1)

Vertical
Jump

Distance (m)

5 3127 40.81 0.28
10 3505 47.85 0.37
15 3854 51.10 0.41
20 4026 52.92 0.43
25 4171 54.35 0.46
30 4351 55.71 0.48
35 4470 56.36 0.49
40 4571 57.63 0.51
45 4674 58.56 0.52
50 4804 59.79 0.53
55 4891 61.06 0.55
60 5026 61.84 0.56
65 5165 62.61 0.57
70 5385 64.25 0.58
75 5502 65.61 0.60
80 5643 67.20 0.62
85 5831 68.68 0.64
90 6082 70.94 0.67
95 6424 75.28 0.75

*Abbreviations: W, watts; W·kg-1, watts per kilogram; m,
metres.
*Note: Percentile rankings were calculated by rounding to the
closest two decimal places.

Table 6. Vertical jumping power percentile rankings for
females

Percentiles Absolute
Power (W)

Relative
Power

(W·kg-1)

Vertical
Jump

Distance (m)

5 1955 30.73 0.18
10 2236 38.61 0.26
15 2393 40.00 0.28
20 2513 41.46 0.30
25 2587 42.49 0.30
30 2680 43.26 0.32
35 2770 44.37 0.33
40 2842 45.08 0.34
45 2923 46.29 0.35
50 3006 47.18 0.36
55 3085 48.31 0.37
60 3179 49.42 0.38
65 3302 50.53 0.39
70 3397 51.62 0.41
75 3525 52.90 0.42
80 3641 54.18 0.43
85 3776 56.23 0.45
90 4024 58.52 0.47
95 4688 63.87 0.56

*Abbreviations: W, watts; W·kg-1, watts per kilogram; m,
metres.
*Note: Percentile rankings were calculated by rounding to the
closest two decimal places.

Discussion

This study aimed to develop sex- and age-specific
peak vertical jumping power and VJD normative-reference
standards, including percentile rankings and performance
classifications, that are representative of a healthy Ca-
nadian young adult population. Male participants pro-
duced greater absolute PP, relative PP, and VJD values in
comparison to female participants. These results support
common absolute (Çakir-Atabek, 2014; Gross & Lüthy,
2020; Patterson & Peterson, 2004; Ramírez-Vélez et al.,
2017; Sumnik et al., 2013; Taylor et al., 2010) and relative
(Gross & Lüthy, 2020; Sumnik et al., 2013; Taylor et al.,
2010) power and VJD (Çakir-Atabek, 2014; Patterson &
Peterson, 2004; Payne et al., 2000; Ramírez-Vélez et al.,
2017; Taylor et al., 2010; Tounsi et al., 2014) findings in
the literature.

To allow for comparison between study results, Table 7
highlights the absolute power (W), relative power (W·kg-1),
and VJD (m) values from the Canadian male population,
as well as the data from other published studies that have
assessed vertical jumping power among male participants.
The absolute and relative PP values obtained for the Cana-
dian male adult population were 4831±1046 W and 59.90±
10.93 W·kg-1, respectively. This absolute PP value was
greater than those reported by Ramírez-Vélez et al. (2017)
(2986 ± 659 W) and Taylor et al. (2010) (3242 ± 584 W),
who also used the Sayers Equation 2A (Sayers et al., 1999)
to compute vertical jumping power. This finding can poten-
tially be explained by the fact that the Canadian population
was older, and they also may have had a higher degree
of physical fitness. This notion is plausible given that the
present study’s participants were enrolled in a Kinesiology
undergraduate degree, which may have contributed to a
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more profound knowledge and understanding of the human
body and overall health, leading to an increased motivation
and commitment to maintain physical fitness, and therefore
a superior vertical jump testing performance. However, it
is important to note that only a small proportion of the
participants in the present study were athletes, so it could
be argued that the sampled Canadian adult population was
indeed representative of the general populace. The present
study’s mean VJD was also higher than the values found
in several studies (Çakir-Atabek, 2014; Ramírez-Vélez,
et al., 2017; Sumnik et al., 2013; Tounsi et al., 2014),

which ranged from 0.29 ± 0.05 m to 0.38 ± 0.07 m. These
studies included participants who were younger in age
(16 to 19 years) and who originated from other countries
(e.g., Tunisia, Colombia, etc.), which could account for
the lower VJD values. In contrast, the mean VJD for the
Canadian male cohort (0.53 ± 0.14 m) was similar to the
results reported by Patterson and Peterson (2004) (0.56 ±
0.09 m) and Payne et al. (2000) (0.50 ± 0.01 m), which
can likely be attributed to the demographic similarities
of these participant populations (e.g., age, health status,
geographical location, etc.).

Table 7. Comparison of reported male vertical jumping power values

Study Mean age
or age group

(in years)

Sample
size

Equation used Absolute
power (W)

Relative
power

(W·kg-1)

Vertical jump
distance (m)

Present study 20–29 422 Sayers et al.** 4831 ± 1046 59.90 ± 10.93 0.53 ± 0.14
Çakir-Atabek (2014) 16 13 Lewis et al. 831 ± 217 N/A 0.36 ± 0.05
Gross and Lüthy (2020) 18–31 13 Regression 5262 ± 820 62.00 ± 6.00 N/A
Patterson and Peterson (2004) 21–30 500 Sayers et al.*** 4855 ± 711 N/A 0.56 ± 0.09
Payne et al. (2000) 20–29 73 N/A N/A N/A 0.50 ± 0.01
Ramírez-Vélez et al. (2017) 17–17.9 241 Sayers et al.** 2986 ± 887 N/A 0.38 ± 0.07
Sumnik et al. (2013) 18 N/A Regression 4055 ± 707 57.10 ± 5.30 N/A
Taylor et al. (2010) 15 106 Sayers et al.** 3242 ± 584 N/A 0.37 ± 0.06
Tounsi et al. (2014) 19 37 Regression N/A 14.39 ± 1.45 0.29 ± 0.05

*Abbreviations: W, watts; W·kg-1, watts per kilogram; m, metres; N/A, not available.
** Sayers et al. (1999) Equation 2A: Peak power (W) = 60.7 × vertical jump distance (cm) + 45.3 × body mass (kg) – 2055
*** Sayers et al. (1999) Equation 2B: Peak power (W) = 51.9 × countermovement jump (cm) + 48.9 × body mass (kg) – 2007

Direct comparisons were not always possible, as some
studies utilized different predictive equations to determine
PP instead of the Sayers Equation 2A (Sayers et al., 1999),
which was employed in the present study. For example,
Çakir-Atabek (2014) used the Lewis Equation (Fox &
Mathews, 1974) to obtain the absolute power values (831±
217 W) for their male participant population. This is espe-
cially noteworthy as it has been suggested that the Lewis
Equation (Fox & Mathews, 1974) tends to underestimate
predicted PP by approximately 70% in comparison to the
Sayers Equation (Harman et al., 1991; Sayers et al., 1999).
Therefore, this notion could account for the difference in
the male absolute PP data reported by Çakir-Atabek (2014)
in comparison to the present study. Additional studies
(Gross & Lüthy, 2020; Sumnik et al., 2013; Tounsi et
al., 2014) developed their own regression equations and
reported absolute and relative power values ranging from
4055 ± 707 W to 5262 ± 820 W and 14.39 ± 1.45 W·kg-1

to 62.00 ± 6.00 W·kg-1, respectively. Lastly, Patterson and
Peterson (2004) computed absolute power using the Sayers
Equation 2B (PP[W] = 51.9 ⋅ VJD[cm] + 48.9 ⋅ BM[kg] −

2007) (Sayers et al., 1999) and reported similar findings
(4855 ± 711 W) to the present study.

For comparison purposes, available female data, in-
cluding absolute power (W), relative power (W·kg-1), and
VJD (m), acquired from both the present study and the
current literature, are reported in Table 8. It is important
to note that the findings that were observed through the
assessment of female participants’ data can be explained
using the same rationale that justified the findings reported
among the male participants. The Canadian female par-
ticipants had a mean absolute and relative PP measuring
3106 ± 841 W and 48.07 ± 10.82 W·kg-1, respectively.
The sampled Canadian female adult population’s mean
absolute PP was greater than the female data reported by
Ramírez-Vélez et al. (2017) (2115 ± 542 W) and Taylor et
al. (2010) (2261 ± 517 W). Additional studies in the liter-
ature used different equations to calculate vertical jump-
ing power. For example, Çakir-Atabek (2014) used the
Lewis Equation (Fox & Mathews, 1974) and Patterson and
Peterson (2004) used the Sayers Equation 2B (Sayers et al.,
1999), while other studies developed their own regression
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equations (Gross & Lüthy, 2020; Sumnik et al., 2013;
Tounsi et al., 2014) to determine absolute power (ranging
from 572 ± 50 W to 3014 ± 554 W) and relative power
(ranging from 9.82 ± 1.20 W·kg-1 to 47.00 ± 7.00 W·kg-1).
The present study’s mean VJD (0.37±0.11 m) was greater

than the VJD data reported by Çakir-Atabek (2014), Payne
et al. (2000), Ramírez-Vélez et al. (2017), Taylor et al.
(2010) and Tounsi et al. (2014), which ranged from 0.15 ±
0.3 m to 0.30 ± 0.01 m, and was similar to the findings
observed by Patterson and Peterson (2004) (0.36±0.06 m).

Table 8. Comparison of reported female vertical jumping power values

Study Mean age
or age group

(in years)

Sample
size

Equation used Absolute
power (W)

Relative
power

(W·kg-1)

Vertical jump
distance (m)

Present Study 20–29 538 Sayers et al.** 3106 ± 841 48.07 ± 10.82 0.37 ± 0.11
Çakir-Atabek (2014) 16 11 Lewis et al. 572 ± 50 N/A 0.28 ± 0.04
Gross and Lüthy (2020) 18–31 7 Regression 3014 ± 554 47.00 ± 7.00 N/A
Patterson and Peterson (2004) 21–30 224 Sayers et al.*** 2953 ± 641 N/A 0.36 ± 0.06
Payne et al. (2000) 20–29 83 N/A N/A N/A 0.30 ± 0.01
Ramírez-Vélez et al. (2017) 17–17.9 287 Sayers et al.** 2115 ± 542 N/A 0.28 ± 0.06
Sumnik et al. (2013) 18 N/A Regression 2557 ± 424 44.50 ± 6.20 N/A
Taylor et al. (2010) 15 79 Sayers et al.** 2261 ± 517 N/A 0.29 ± 0.07
Tounsi et al. (2014) 19 45 Regression N/A 9.82 ± 1.20 0.15 ± 0.03

*Abbreviations: W, watts; W·kg-1, watts per kilogram; m, metres; N/A, not available.
** Sayers et al. (1999) Equation 2A: Peak power (W) = 60.7 × vertical jump distance (cm) + 45.3 × body mass (kg) – 2055
*** Sayers et al. (1999) Equation 2B: Peak power (W) = 51.9 × countermovement jump (cm) + 48.9 × body mass (kg) – 2007

The present study highlights the differences in data that
exist in comparison to studies that have examined various
national (Ramírez-Vélez et al., 2017; Takken et al., 2003;
Temfemo et al., 2008) and athletic (Çakir-Atabek, 2014;
Gross & Lüthy, 2020) populations, have smaller participant
sample sizes (Çakir-Atabek, 2014; Gross & Lüthy, 2020;
Payne et al., 2000; Taylor et al., 2010; Tounsi et al.,
2014), and have implemented different predictive equa-
tions (Çakir-Atabek, 2014; Gross & Lüthy, 2020; Patterson
& Peterson, 2004; Ramírez-Vélez et al., 2017; Sumnik et
al., 2013; Taylor et al., 2010; Tounsi et al., 2014). The lim-
itations exhibited in the aforementioned studies presented
challenges when generalizing their results to a more com-
prehensive population that encompassed a broader range
of athletic abilities, similar to the Canadian population
assessed in the present study. As such, to support practical
applications and ensure accuracy when comparing and
analyzing absolute and relative PP and VJD in the context
of vertical jump testing, developing normative-reference
values for young and healthy Canadian adults is necessary.

While numerous studies have developed percentile
classifications for both sexes based on vertical jump test
PP data (Bovet et al., 2007; Patterson & Peterson, 2004;
Payne et al., 2000; Ramírez-Vélez et al., 2017; Sumnik et
al., 2013; Taylor et al., 2010; Tounsi et al., 2014), very
few are known to have established performance classi-
fications (Brooks et al., 2005). In contrast to the present

study’s seven performance classifications, the Canadian
Physical Activity, Fitness and Lifestyle Appraisal (CPA-
FLA): CSEP’s Plan for Healthy Active Living’s findings,
as published by Brooks et al. (2005), constructed five
age group- and sex-specific classifications for absolute
power (in kgm/s) only, using the Lewis Equation (Fox &
Mathews, 1974). These performance classifications were
converted to W for ease of comparison. They were labelled
as ‘excellent’, ‘very good’, ‘good’, ‘fair’, and ‘needs im-
provement’. The absolute power values needed to achieve
the highest performance classification (‘excellent’) for 20-
to 29-year-olds in the CPAFLA (Brooks et al., 2005) were
> 1187 W for males and > 765 W for females. Addi-
tionally, the lowest classification (‘needs improvement’)
for males and females was < 716 W and < 500 W, re-
spectively (Brooks et al., 2005). The present study con-
structed performance classifications for absolute PP, re-
lative PP, and VJD data. Based on the Canadian adult
population’s absolute PP data, the highest classification
(‘elite’) for males and females had corresponding val-
ues of > 8439 W and > 6220 W, respectively, while
the lowest performance classification (‘poor’) was des-
ignated to be < 2954 W for males and < 1775 W for
females. Performance classifications were also established
for relative PP (‘elite’: > 112.85 W·kg-1 for males and
> 114.40 W·kg-1 for females; ‘poor’: < 40.95 W·kg-1 for
males and < 32.75 W·kg-1 for females) and VJD (‘elite’:
> 1.03 m for males and > 0.91 m for females; ‘poor’:
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< 0.23 m for males and < 0.21 m for females). The cur-
rent study lays the foundation for establishing perform-
ance classifications due to the discrepancies that exist in
comparison to the CPAFLA (Brooks et al., 2005) data,
in addition to the current lack of relative power and VJD
classifications in the literature.

Percentile rankings generated based on the data from
the present Canadian adult population identified the 50th
percentile for absolute PP as being 4804 W for male parti-
cipants and 3006 W for female participants. Greater values
for male participants in comparison to female participants
were observed for all percentile rankings. Both sexes had
higher 50th percentile rankings for absolute PP compared
to the male and female data reported by Ramírez-Vélez et
al. (2017) (3062 W and 2036 W, respectively) and Taylor et
al. (2010) (3185 W and 2223 W, respectively). Moreover,
the present study’s 50th percentile rankings for relative
PP (males: 59.79 W·kg-1, females: 47.18 W·kg-1) were
greater than the data reported by Sumnik et al. (2013)
(males: 54.20 W·kg-1, females: 43.50 W·kg-1) and Tounsi
et al. (2014) (males: 14.4 W·kg-1, females: 9.83 W·kg-1).
The Canadian male adult population’s 50th percentile VJD
value was 0.53 m. This percentile score was higher than
the values reported by several studies (Ramírez-Vélez et
al., 2017; Taylor et al., 2010; Tounsi et al., 2014), which
were 0.38 m, 0.37 m, and 0.29 m, respectively. In contrast,
the present study’s male 50th percentile score was similar
to the data reported by Patterson and Peterson (2004)
(0.57 m), Payne et al. (2000) (0.50 m), and Sumnik et al.
(2013) (0.52 m). Among female participants, the present
study reported a 50th percentile VJD score of 0.36 m,
which was higher than the values reported by Tounsi et
al. (2014), Ramírez-Vélez et al. (2017), and Taylor et al.
(2010) (range of 0.15 m to 0.28 m) and similar to the
percentile scores observed in other studies (Patterson &
Peterson, 2004; Payne et al., 2000; Sumnik et al., 2013),
which ranged from 0.30 to 0.40 m.

Future studies should aim to establish a standardized
protocol (e.g., type of vertical jump performed, predictive
equation used, etc.) to allow for the accurate compar-
ison and evaluation of vertical jumping power normative-
reference values developed through the implementation
of the vertical jump test. This is especially important, as
some predictive equations (i.e., the Lewis Equation [Fox &
Mathews, 1974]) possess notable limitations in predicting
PP in comparison to others (i.e., the Sayers Equation)
(Harman et al., 1991; Sayers et al., 1999). Additionally,
further examining the use of the Sayers Equation 2A
(Sayers et al., 1999), specifically in the context of vertical
jumping power data located at the far extremes of the
study’s population (i.e., ‘elite’ performance classification),
given the large magnitude of the reported values (i.e.,
> 8439 W for males and > 6220 W for females), may be
of interest. It is important to acknowledge that differences
in methodology and measurement (e.g., techniques used to
execute the movement during the vertical jump test, etc.)

can influence testing data and also yield varying results
between studies (Gajewski et al., 2018; Xu et al., 2023). For
example, Gajewski et al. (2018) determined that counter-
movement depth serves to explain the relationship between
maximum power and vertical jump height. As such, con-
ducting a future study to control for countermovement
depth in order to determine its impact on vertical jumping
power values would be of interest. Although the present
study begins to fill a gap with respect to Canadian adult
data based on a large cohort of participants, conducting
additional studies in different Canadian regions would be
favourable, as they could provide confirming evidence of
the normative-reference values and performance classific-
ations developed in the present study. Furthermore, focus-
ing on constructing normative-reference standards based
on specific populations (e.g., individuals from different
countries, athletes, non-athletes, different age groups and
BMs, etc.) to determine if there exist similar trends to
those exhibited in the present study would be of benefit and
would further supplement the literature, potentially leading
to the development of global norms. Future research should
also focus on determining whether a correlation between
the anaerobic power developed during the vertical jump test
and the WAnT exists. Should there be a strong correlation
between the PP produced during both tests, this could
provide an alternative, more efficient method to quantify
anaerobic power and could further validate the use of the
vertical jump test. This would, in turn, be less strenuous and
exhausting for participants, thus, minimizing the inherent
health and safety risks that are associated with the WAnT.

Conclusion

The main focus of this study was to establish ver-
tical jumping power normative values, including percentile
rankings and performance classifications, based on a large-
scale population of Canadian university students. Conduct-
ing the vertical jump test can facilitate the acquisition of
valuable data that can subsequently allow for the quan-
tification of peak vertical jumping power, thus providing
insight into an individual’s performance in various fit-
ness and exercise tasks. The development of normative
tables, percentile rankings, and performance classifications
is essential for athletes and non-athletes alike, particu-
larly for comparison when evaluating baseline performance
and tracking improvements over time, as well as assess-
ing health status and functioning. The fact that a wall-
mounted vertical jump test can be conveniently conducted
by participants of varying athletic abilities quickly and with
ease, requires minimal and low-cost equipment, and does
not require trained personnel to complete, lends to the
practicality of its utilization, especially in comparison to
evaluation using a force platform or the WAnT.
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