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Practical Applications

Methods

Purpose

Introduction

Performance combines, such as the NFL Scouting Combine for college athletes or the 
U.S. Army National Combine for high school athletes, are held all across the United 
States. At these events, athletes are given the opportunity to demonstrate their 
capabilities in front of potential coaches by completing a variety of physical tests. Two 
popular combine tests include: 

• 40-yard dash
• vertical jump

Limited data exists on the reliability 40-yard dash and vertical jump assessments in 
youth athletes. It is important to know how much change is detectible outside of the 
expected error of each test.

Test-retest reliability is, “the reproducibility of a values of a test, assay or other 
measurement in repeated trials on the same individual.2” 

”Better reliability implies better precision of single measurements and better tracking of 
changes in measurements in research or practical settings.2”

Discussion

Abstract

INTRODUCTION: Limited data exist on the reliability and sensitivity of the 40-yard 
dash (40-yd) and vertical jump (VJ) tests in youth athletes, which are popular combine 
performance assessments.

PURPOSE: To examine the test-retest reliability for the 40-yd and VJ in youth athletes.

METHODS: Seventy-seven 5- to 15-year-old athletes (mean height ± SD = 153.0 cm ±
14.9; weight = 45.8 kg ± 16.3) volunteered for the performance assessments during two 
visits separated by 24–72 hours. Athletes were divided into three age groups (5–9, 10–11, 
and 12–15 years old). The 40-yd was assessed in seconds (s) with a digital timing gate, 
and the VJ was assessed in centimeters (cm) with a Vertec, both performed on indoor 
field turf. Intra-class correlation coefficients (ICC) with corresponding 95% confidence 
intervals, standard errors of measurement (SEM), coefficients of variation (CV), and 
minimum detectible changes (MDC) were calculated from the repeated measures analysis 
of variance (ANOVA) from test 1 to test 2 for both assessments.

RESULTS: There were systematic decreases in 40-yd times from test 1 to test 2 for the 12 
to 15-year-old group, but there was no other detectible systematic variability for any 
other variable. The ICCs ranged from 0.78 to 0.96, which were greater than zero. MDCs 
(calculated from SEMs) for the 5–9, 10–11, and 12–15 age groups were 0.49, 0.70, and 
0.38 s for the 40-yd, and 6.7, 4.3, and 13.7 cm for the VJ, respectively. 

CONCLUSIONS: Twelve to 15-year-olds may need a familiarization trial (i.e., test run) 
for the 40-yd. Based on the age of the athlete, 0.4–0.7 s and 4–14 cm changes in the 40-
yd and VJ, respectively, may be necessary for individual youth athletes to consider their 
improvements “real” beyond the errors of the measurements.

Results
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To examine the test-rest reliability and minimum detectible changes for the 
40-yard dash and vertical jump  in youth athletes. 

Table 2. Age-delineated means, standard deviations, SEMs, CVs and MDCs for 40-yd dash and vertical jump. 

5-9 7.63 (± 0.84) 7.65 (± 0.86)ab 0.67 0.25 3.3 0.49

10-11 6.68 (± 0.53) 6.70 (± 0.56)ac 0.74 0.35 5.2 0.70

12-15 6.38 (± 0.62) 6.27 (± 0.53)bc 0.004 0.22 3.4 0.38

5-9 30.9 (± 5.8) 31.6 (± 5.7)ab 0.34 3.4 10.9 6.7

10-11 41.2 (± 7.9) 42.0 (± 7.0)a 0.07 2.3 5.5 4.3

12-15 44.7 (± 11.7) 46.8 (± 10.2)b 0.12 7.2 16.1 13.7

a 5 - 9 age group significantly (p ≤ 0.05) different from 10 - 11 age group; b 5 - 9 age group significantly different (p ≤ 0.05) from 12 - 15 age
group; c 10 - 11 age group significantly (p ≤ 0.05) different from 12 - 15 age group. 

*ANOVA = analysis of variance, † SEM = standard error of measurement,‡  CV = coefficient of variation, § MDC = minimum detectible 
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Figure	1.	ICCs	and	95%	confidence	intervals	for	40-yd	and	VJAge Group Differences
Table 1 displays the means and standard deviations of the anthropometric measures for each 
age group Table 2 displays the means and standard deviations for Test 1 and Test 2, as well 
as the ANOVA p-values, SEMs, CVs, and MDCs of the 40-yd and VJ for each age group. .  
For all anthropometric measures (height, weight, hand span, wing span) except body mass 
index (p > 0.05), all pairwise comparisons resulted in significant differences among age 
groups (p ≤ 0.05). The 10 to 11- and 12 to 15-year olds were not significantly different from 
each other for the vertical jump (p > 0.05), however, all other pairwise comparisons resulted 
in significant differences among age groups (p ≤ 0.05).  

Reliability 
There were systematic decreases in 40-yard dash times from Test 1 to Test 2 for the 12 to 
15-year-old group (p ≤ 0.05; Table 2), however, there was no other systematic variability 
from Test 1 to Test 2 for any other variable (p > 0.05). The ICCs ranged from 0.79 to 0.96 
for the 40-yard dash, and 0.78 to 0.95 for the vertical jump, and the 95% confidence 
intervals indicated that all ICCs were greater than zero (Figure 1). As shown in Table 2, CVs 
ranged from 3.3 to 5.2% for the 40-yard dash and 4.3 to 13.7% for the vertical jump. MDCs 
for the 5 – 9, 10 – 11, and 12 – 15 age groups were 0.49, 0.70, and 0.38 s for the 40-yd, and 
6.7, 4.3, and 13.7 cm for the VJ, respectively (Table 2). 
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• There were significant differences among the means for all age group comparisons except for VJ 
for 10 to 11-year olds compared to 12 to 15-year olds and BMI for 5 to 9-year olds compared to 
10 to 11-year olds. 

• Systematic variability was present for 12 to 15-year olds in the 40-yard dash, but was not present 
for any other variable. 

• Relative reliability was greater than zero, and ranged from 0.78 to 0.96. 

• Absolute reliability was 3.3 to 5.2% for 40-yd and 4.3 to 13.7% for VJ. 

• Minimum detectible changes ranged from 0.38 to 0.70 s for the 40-yd and 4.3 to 13.7 cm for VJ. 

• Two participants demonstrated relatively large increases in VJ from test 1 to test 2 which 
influenced the relative reliability. 

Conclusions
• Twelve to fifteen year olds may need a familiarization trial (i.e., test run) for the 40-yd since 

there was systematic variability 

• According to the ICCs both the 40-yard dash and vertical jump were reliable assessments for 
all age groups 
• When looking at the CVs, it can be concluded that the 40-yard dash is more reliable than 

the vertical jump. 

• Based on the age of the athlete, 0.4 – 0.7 s and 4 – 14 cm changes in the 40-yd and VJ, 
respectively, may be necessary for individual youth athletes to consider their improvements 
“real” beyond the errors of the measurements. 

Future Research 
• Examine reliability for all combine performance measures

• Power push-up, broad jump, 3-cone drill, and pro-agility drill
• Create normative values for youth athletes

• More realistic comparisons and reasonable goal-setting than NFL normative values

Table 1. Total sample of participants (n = 77) separated by age (years). 

Age
(Years)

Sample 
size
(n)

Stature 
(cm)

Body mass 
(kg)

BMI
 (kg/m2 )

Hand span 
(cm)

Wing span (cm) 

5 - 9 21 136.2 (± 8.6)ab 31.4 (± 7.8)ab 16.7 (± 3.9)b 16.8 (± 1.5)ab 130.1 (± 10.1)ab

10 - 11 27 152.1 (± 7.7)ac 43.6 (± 9.2)ac 18.7 (± 2.8)c 18.5 (± 1.4)ac 149.3 (± 8.0)ac

12 - 15 29 166.0 (± 10.5)bc 58.5 (± 16.6)bc 20.9 (± 4.1)bc 20.4 (± 1.6)bc 149.3 (± 8.0)ac

a 5 - 9 age group significantly (p ≤ 0.05) different from 10 - 11 age group; b 5 - 9 age group significantly different 
(p ≤ 0.05) from 12 - 15 age group; c 10 - 11 age group significantly (p ≤ 0.05) different from 12 - 15 age group. 


