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ABSTRACT 
 
Zinner C, Krueger M, Wahl P, Sperlich B, Mester J. Comparison of 
Three Different Step Test Protocols in Elite Swimming. JEPonline  
2011;14(1):43-48.  We compared three different incremental swim 
protocols to identify differences in submaximal velocities at 3 and 4 
mmol·L-1 arterial lactate concentration. Ten male elite swimmers 
performed three different step test protocols in randomized order. Two 
protocols were with constant distances (200 m) but varying duration 
throughout the test. The third test procedure was a protocol with 
constant times (3 min each) for every increment. Arterial lactate 
concentration was obtained at the end of every increment.  The protocol 
with constant time per increment resulted in significantly slower 
velocities (-0.04 m·s-1) at fixed lactate values (p < 0.01).  We showed 
that the commonly used protocols with constant distances revealed 
higher submaximal velocities for given lactate concentrations (3 and 4 
mmol·L-1) compared to constant increments. 
 
Key Words: Elite athletes, Endurance Performance, Incremental 
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INTRODUCTION 
 
The protocols by Pyne (Australian Swimming Incorporated) and Pansold (German Swimming 
Federation) (6,7) are two of the most commonly executed step-test designs for defining submaximal 
training intensities in swimming. Although these protocols are executed frequently, they contain 
several pitfalls. The major weakness of these protocols is the decline in exercise duration per 
increment, while the distances per step remained constant. During the last stages of these tests, the 
step distances of 200 m or less will lead to an exercise time of < 2 min. Step durations of < 2min have 
been shown to be too short to achieve a steady state condition in arterial blood lactate concentration 
during incremental testing (3,4). This methodological shortcoming will lead to potentially lower blood 
lactate values and consequently to higher submaximal training velocities. In this case, longer 
incremental durations are favorable since they have been shown that increments of 3 to 7 minutes 
reach a steady-state of blood lactate concentration (3,5).  
 
Although the protocols 7 x 200 m (6) and 8 x 200 m (7) are both based on the athlete’s personal best 
time (PB), both require an all out exercise or competition prior to the step test in order to obtain the 
current PB. Additionally, both protocols consume 35 to 50 minutes of valuable exercise time. 
Therefore, from a practical point of view, a protocol with constant step durations, no need for an 
additional race event, high standardization, and a short time needed to conduct the test is desirable. 
Due to the methodological restrictions of the protocols by Pyne (6) and Pansold (7), a test design with 
the later features would be advantageous to control submaximum training intensity.  
 
This study aimed to compare three step test protocols with different step durations in competitive 
swimming. It is hypothesized that a protocol with constant steps reveals slower submaximum swim 
paces for a given arterial lactate concentration.  
 
METHODS 
Subjects 
Ten male swimmers competing on national level participated in the study (age 17.1 ± 3.4 years; 
height 1.82 ± 0.06 m; body mass 71.3 ± 6.7 kg). All swimmers had experience in competitive 
swimming for at least five years. After having informed all participants on the purpose, procedure, and 
risks of the study, all athletes and their guardians gave written consent to participate, which was in 
accordance with the university´s ethics review board.  
 
Procedures 
All tests were carried out in a 50 m indoor swimming pool. Each subject performed three step-test 
protocols in randomized order. Before each test, the swimmers performed a standardized warm-up of 
1000 m, ending up with four 50 m swims. The purpose of the four intervals was to familiarize the 
subjects to the pacing procedures.  
 
The first protocol, named 7 x 200 m hereafter, featured a set of seven 200 m swims starting every five 
minutes with a push off start. This protocol is used by the Australian Swimming Federation to screen 
the actual performance level of their athletes. Individual targeted swim times were calculated based 
on the swimmers´ PB (Table 1). The initial pace was PB +35 sec. Each of the subsequent 200 m 
bouts was to be swum 5 sec faster. The final interval was at maximal effort.  
 
The second test protocol, 8 x 200 m, consisted of five parts.  This protocol is used by the German 
Swimming Federation on a regular basis to determine the training paces for their athletes. The first 
part consisted of three 200 m swims at the same velocity. In the second part, two 200 m swims were 
carried out at the same velocity. The 3rd, 4th and 5th bout consisted of a single 200 m swim. The 
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velocity of the first step was set at 70 to 75% of PB (Table 2). Finally, all athletes performed the last 
stage after a recovery period of 20 to 30 min.  
 
Table 1 Testing procedure of the 7x200 m protocol used by the Australian Swimming Federation 
Distance Step 

No. 
Repeats [n] Start 

cycle 
Time  

Blood samples 
[s] 

Intensity of steps 

( pb + ) 
200 m 1 1 every 5 min after 60 s 35 s 
200 m 2 1 after 60 s 30 s 
200 m 3 1 after 60 s 25 s 
200 m 4 1 after 60 s 20 s 
200 m 5 1 after 60 s 15 s 
200 m 6 1 after 60 s 10 s 
200 m 7 1 see text 5 s 

 
 
Table 2 Testing procedure of the 8x200 m protocol used by the German Swimming Federation 
Distance Step 

No. 
Repeats Rest 

between 
repeats 

[s] 

Rest 
between 

steps 

Blood  
samples 

Intensity 

200 m 1 3 60 s 3min between steps 70-75% of pb 
200 m 2 2 60 s 3min between steps 1st step - 8 s 
200 m 3 1  5min after 1min and 3min 1st step - 16 s 
200 m 4 1  up to 

30min 
after 1min and 3min 1st step - 24 s 

200 m 5 1   see text pb 
 
 
The procedure for the third protocol was a set of 3 min intervals with one min rest between the 
repetitions. The velocity during the first step was set to 1.2 m·s-1 (1:23.3 min/100 m). Velocity and 
distance per step increased 0.05 m·s-1and 9 m, respectively (see Table 3). A moving light beam on 
the floor ensured that the swimmers kept up a constant pace throughout the test. The test ended at 
voluntary exhaustion or the failure of the swimmer to maintain the given pace. 
 
 
Table 3 Testing procedure of the 3 min protocol 
Distance Step 

No. 
Repeats Rest 

between 
steps 

Blood 
samples 

Intensity  
(m/s) 

216 m 1 1 1´ between steps 1.20 
225 m 2 1 1´ between steps 1.25 
234 m 3 1 1´ between steps 1.30 
243 m 4 1 1´ between steps 1.35 
252 m 5 1 1´ between steps 1.40 

and so on 
 
 
Capillary blood samples were collected from the right earlobe to determine arterial blood lactate 
concentrations (Ebio plus, Eppendorf, Hamburg, Germany). The time points of blood sampling for 
each protocol are shown in Tables 1-3. All analyses were performed in duplicate and the mean 
utilized for statistical analysis. 
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Statistical Analyses 
In our laboratory setting, the routinely measured coefficient of variation in repeated measures for the 
blood lactate measurements is 1.2% at 12 mmol·L-1. The data were calculated with conventional 
statistical procedures and presented as mean values and standard deviation(s). The data were 
checked for normality as well, with no data necessary for further transformation. Repeated-measures 
ANOVA compared responses in each variable across the three tests. When a global difference over 
time was determined, Bonferroni post hoc analysis was used to identify where changes occurred.  An 
alpha of p < 0.05 was used for statistical significance. All statistical tests were processed using the 
Statistica (version 7.1, StatSoft Inc., Tulsa, OK, U.S.A) software package for Windows®. 

 
RESULTS 
 
The protocol with constant time showed significantly (p < 0.01) lower paces at fixed lactate thresholds 
compared to the other two protocols. Mean velocities at 3 mmol·L-1 lactate were: 1.30 ± 0.03 m·s-1 (3 
min), 1.35 ± 0.04 m·s-1 (7 x 200 m) and 1.34 ± 0.04 m·s-1 (8 x 200 m).  At 4 mmol·L-1 lactate the 
velocities were 1.34 ± 0.03 m·s-1 (3 min), 1.39 ± 0.04 m·s-1 (7 x 200 m) and 1.38 ± 0.04 m·s-1 (8 x 200 
m; Figure 1).  
 
 

 
 
Figure 1. Comparison of submaximal velocities at fixed lactate thresholds; (a) 3 mmol·L-1 and (b) 4 mmol·L-1. 
Velocity was significantly lower in the 3 min protocol compared to the 7 x 200 m and 8 x 200 m. *Significantly 
different from 3 min (p < 0.05) 
 
DISCUSSION 
 
In accordance with our hypothesis, the protocol with constant step duration showed slower swim 
velocities at given blood lactate concentrations of 3 and 4 mmol·L-1 and, consequently, reduced 
training paces compared to the protocols with constant distances (7 x 200 m and 8 x 200 m). In our 
study velocities of 1.35 ± 0.04 m·s-1 (7 x 200 m) and 1.34 ± 0.04 m·s-1 (8 x 200 m) were calculated for 
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a lactate concentration of 3 mmol·L-1. Converted into swimming pace, athletes have to perform the 
100 m distance in 1:14.1 min and 1:14.6 min, respectively. However, the pace at 3 mmol·L-1 blood 
lactate concentration given by the “3 min” protocol was 1:16.9 min, which is 2.8 sec slower. An 
increase in training pace of nearby 3 sec per 100 m reflects a significant higher intensity for a well-
trained swimmer.   
 
The differences in the velocity at submaximal lactate concentrations may be explained by the 
durations of the protocol stages (3). It has been shown that 3 to 7 minutes is essential to reach 
steady-state conditions for arterial blood lactate concentration during incremental testing (2,4). Long 
(e.g., in the 8 x 200 m protocol) and unequal increments have also been shown to result in a less 
accurate estimation of exercise capacity. Large increments may result in the tendency to 
overestimate submaximal swim speed (1) while being a less reliable test for studying the training 
effects (5).  
 
The personal best time or the “PB of the day” is a widespread tool to define swim speed. However PB 
depends on many variables such as the time of the season, day-to-day variability of the physical and 
mental state of the athlete, nutritional habits, and the duration and quality of recovery including sleep. 
These factors underline that the PB is rather a summary of many unpredictable features and, 
therefore, a vague tool to set an outgoing baseline for performance evaluation.  
 
From a practical point of view, it may be reasonable to use the PB or the “PB of the day” to define the 
paces for performance testing. However, from a scientific point of view, it is important to have a 
standardized test procedure. Thus, the main advantage of a standardized test protocol with fixed step 
durations and velocities, such as the “3 min” protocol, is more accurate to reproduce. A 
standardization of the protocol may lead to better recommendations for training paces, especially 
during the season when the athlete cannot achieve the best performance. 
 
 
CONCLUSIONS 
 
The findings in the present study demonstrate that a step test protocol with constant step duration 
shows significantly lower paces compared to the two commonly used protocols with constant 
distances. Furthermore, the “3 min” protocol allows for intra- and interpersonal comparisons, due to 
the same velocities per step, which is impossible with the other protocols. Further studies will need to 
investigate the practicability of the lower velocities in the daily training routines. 
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