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Abstract 

The aim of the study was to determine changes in anaerobic fitness among 1
st
 year students attending the 

University of Warmia & Mazury in Olsztyn in the years 2000 – 2006. The research involved 1,642 students aged 

19-21 (499, 337, 155, and 152 in the years 2000, 2002, 2004, and 2006, respectively). A diagnostic survey 

including measurements of the level of anaerobic fitness by means of indirect motor tests was used. Observations 

of the changes in the level of anaerobic fitness among 1
st
 year students in the years 2000-2006 revealed 

significant differences between the analyzed years. Significant differences occurred in every applied anaerobic 

test. A linear trend indicating a decreasing level of power in the lower limbs was observed in the case of the 

standing long jump trial (r = - 0.846). In the remaining trials, i.e., skipping with clapping of hands – 8 s, sit-ups – 

30 s, and 4x10 m shuttle run, no linear trends were noted. The experiment should be continued to include 

subsequent academic years. 
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Introduction 

Existing opinions concerning secular trends in the motor fitness of children are strongly divided in the 

case of both, popular and scholarly literature. Some believe that the level of motor fitness has decreased in the 

recent years, other have doubts as to whether or not it has changed at all. The diversity of the opinions on this 

aspect is not surprising, as very little scientific research regarding this subject matter has been conducted. 

According to Tomkinson, fewer than three studies have been devoted to secular trends in children’s motor fitness 

in a period of two years (Tomkinson, 2007). Moreover, more of them focused mainly on secular changes in 

aerobic fitness rather than anaerobic fitness (Tomkinson, Hamlin, & Olds, 2006). Despite the fact that the level 

of endurance abilities is strongly connected with the health of the human organism (Di Pietro, Dziura, & Blair, 

2004; Haskel et al., 2007), most motor movements performed by humans in fact require anaerobic effort. This 

stems directly from people's reluctance to perform efforts over an extended period of time, as well as a rapidly 

increasing level of fatigue caused by an inadequate level of cardiovascular endurance (Church, Earnest, Skinner, 

& Blair, 2007).  

Anaerobic abilities constitute one of the main components of human motricity (Andrzejewski, Chmura, 

Strzelczyk, & Konarski, 2009). Originally, they were defined as the human organism’s ability to perform motor 

tasks, which do not last long and do not cause fatigue which reduces the intensity of muscle work (Wachowski & 

Strzelczyk, 1999). One short-time effort (< 10 s), even at maximal intensity, does not cause significant changes 

in the human organism’s metabolism in terms of energy expenditure and resynthesis of ATP. However, such a 

situation occurs only sporadically during sports training and concerns only those cases in which breaks between 

successive repetitions are quite long and sufficient for full recovery. In most sports, the human body is forced to 

continuously repeat short sequences of movements involving acceleration, deceleration, and changes in the 

direction of movement, which, in consequence, may result in significant energy expenditure, the accumulation of 

lactic acid, and the reduction of the human organism’s level of anaerobic fitness (Draper & Lancaster, 1985; 

Balsom, Ekblom, & Sjodin, 1994; Fitts, 1994). The fitness requirements for athletes who take part in various 

sports events require them to possess adequate levels of anaerobic abilities, in order to enable them to perform 

short sprints at maximal speed (approx. 10 s), separated by a periods (< 30 s) often defined as RSA (repeated-

sprint ability), and associated more with agility than strictly with speed abilities (Wadley & Rossignol, 1998; 

Dawson, Fitzsimons, & Ward, 1993; Spencer et al., 2004; Bishop & Edge, 2006). 

The consequence of the conflict between theory and practice are the numerous ways of interpreting and 

classifying speed abilities (Hirtz, Hummel, & Rostock, 1985; Szopa, Chwała, & Ruchlewicz, 1998; Raczek, 

2010), which have led to the emergence of a few basic theories. One of the current conceptions concerning the 

structure of speed abilities indicates that they belong to hybrid abilities (lack of a clear dominant), and their 

energetic potential is associated with the quality of the regulatory sensory processes (Raczek, 2010).  
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Szopa presents a slightly different view on this issue (Szopa, 1998) and includes anaerobic efforts in a 

group of energetic abilities, simultaneously labeling them strictly as speed abilities and indicating two basic 

mutual elements of these abilities, i.e., an energetic base (in the form of anaerobic sources) and the velocity of 

muscle contractions (characterized by the time needed to achieve maximal power) (Szopa et al., 1998). Under 

such assumptions, power, speed, and agility trials are included in a group of tests applied in measuring anaerobic 

fitness (Szopa et al., 1998; Szopa, 1998; Tomkinson, 2007). 

Among the most important predispositions determining the level of speed abilities are:  

• the structure of muscles - proportion of FT and ST muscle fibers (Holoszy & Coyle, 1984),  

• the effectiveness of enzymatic systems responsible for the breakdown of fosfocreatine and glycogen 

(Paganini, Foley, & Meyer, 1997; Wadley & Rossignol, 1998; Hirvonen, Nummela, Rusko, Rehunen, 

& Harkonen, 1999), 

• reaction time and activation of as many motor units as possible (Meishan & Larson, 2010), 

• the frequency of movements and moments of inertia of moved body parts in a specified or variable 

direction (Docherty, Wenger, & Neary, 1988; Scheppard & Young, 2006). 

Current outlooks on the assessment of the level of speed abilities are clearly heading in the direction of 

identifying its manifestation in energetic and coordinative aspects determined by the cognitive factors involved 

(Cox, 2002; Young, James, Monthgomery, 2002; Scheppard & Young, 2006; Raczek, 2010). This stems directly 

from sports training, which shows that a player’s movements are largely a response to stimuli in the form of the 

direction and velocity of a moving ball, or the opponent's plays. In consequence, cognitive components are an 

inseparable aspect of sport, since players display different abilities of reading and reacting to a given impulse 

and present different levels of motor fitness (sports performance) (Abernethy & Russel, 1987; Farrow, Young, & 

Bruce, 2005). In the case of energetic factors, the quick breakdown of fosfocreatine and production of lactic acid, 

which restricts muscle efficiency, should be noted (Izumi et al., 1997). 

Beginning in the year 2000, research concerning the level of motor fitness among students enrolling at 

the University of Warmia & Mazury in Olsztyn are conducted biannually. The results of motor tests constitute a 

basis for assessing the level of the students’ motor fitness. The scope of the studies presented within this article 

comes from extensive observations of changes occurring in the level of anaerobic fitness among physically 

inactive males. Much fewer works concern changes in anaerobic fitness of physically inactive people, which 

most certainly pertains to academic youth, than professional athletes. Therefore, the aim of the study was to 

determine the changes in the level of anaerobic fitness (operationalized as performance in power, speed, and 

agility tests) of 1
st
 year students enrolled at the University of Warmia & Mazury in Olsztyn during the years 

2000-2006. The research was also aimed at establishing whether the average values could be characterized by a 

significant increasing or decreasing trend over the course of the analyzed years.  

 

Materials and methodology 

Research concerning the level of anaerobic fitness of 1
st
 year students was conducted biannually during 

the summer semester between the years 2000-2006. A group of 1,143 full-time 1
st
 year students aged 19-21 (499, 

337, 255 and 152 in the years 2000, 2002, 2004, and 2006 respectively) took part in the studies. The students 

participated in obligatory physical education classes. All male subjects within randomly selected groups were 

tested. The percentage of students who participated in the anaerobic tests in relation to the total number of full 

time 1
st
 year students is presented in table 1.  

 

Table I. Number of male students participating in the anaerobic tests compared to the total number of 1
st
 

year male students  

 

Number and percentage of students 

participating in anaerobic trials 
Year of conducted 

research 

Total number of 1
st
 year 

students  
N % 

2000 

2002 

2004 

2006 

1476 

1987 

2298 

2248 

499 

337 

155 

152 

33.80 

16.96 

6.74 

6.76 

 

When justifying the selection of the group it should be noted that university students are anatomically 

and physiologically mature, therefore, subjects' age completely eliminates the impact of developmental factors 

on the results of measurements. Students participating in the study attended only the mandatory P.E. classes (90 

minutes per week) and did not take part in any other forms of exercise. All students subjected to analysis resided 

in the Warmia & Mazury region, mainly in small towns not exceeding 40 thousand residents. Such a group can, 

therefore, be considered homogenous and representative for this type of research.  
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The level of anaerobic fitness was measured by means of a set of indirect anaerobic tests, i.e., standing 

long jump, skipping with clapping of hands – 8 s, sit-ups – 30s, and 4x10 shuttle run was applied. Szopa’s 

classification was used during the selection of motor tests (Szopa, 1998). Prior to each trial, all male students 

taking part in the research observed the tests which they were to do and were informed on how to perform them. 

Next, participants took part in a 10-minute warm-up.  

The research results were analyzed statistically with the use of a variance analysis method (test F) for 

univariate experiments. The means of the „time” factor (age = academic year) were compared by means of the 

Newman-Keuls test. Research results and statistical hypothesis verification were compiled in tables containing 

means, mean errors, and information regarding significant differences between the years. Statistical calculations 

and the assembly of results were performed with the Statistica PL software package (Stanisz, 2001). 

 

Results 

 The results obtained in individual anaerobic tests are presented in table 2 and express the variability of 

the students' anaerobic fitness level during the analyzed time period.  

 

Table II. Average results of anaerobic tests and regression analysis (2000-2006) 

Year of study  

2000 2002 2004 2006 Anaerobic  

motor trial 
N=499 N=337 N=155 N=152 

Significant 

differences 

between 

years 

A     Standing long 

jump [cm] 
215.0 ± 26.89 212.1 ± 26.56 213.4 ± 25.38 209.3 ± 41.37 1>4

* 

B     Sit-ups – 30 s 

[number of sits] 
25.9 ± 4.33 26.0 ± 3.84 25.6 ± 4.67 27.3±4.10 4>1,2,3

** 

C    4x10 m shuttle run   

[s] 
10.9 ± 1.70 11.0± 2.50 11.1 ± 1.50 10.2 ± 1.53 1,2,3>4

** 

D      Skipping with 

         clapping of hands  

         [number of claps] 
28.4 ± 4.66 28.8 ± 4.25 27.6 ± 3.76 33.8 ± 4.34 

4>1,2,3
** 

2>3
*
,1>3

* 

Results of regression analysis 

Type of test 
Correlation 

coefficient 

Percent of 

explained 

variability 

F value Regression equation 

A -0.846 71.53 2.512 A =-1.58T+216.40 

B 0.652 42.47 0.738 Lack 

C -0.632 40.00 0.667 Lack 

D 0.689 47.45 0.903 Lack 
*
-  Statistically significant differences on the level 05.0=α  

**
- Statistically significant differences on the level 01.0=α  

  

Results obtained by the 1
st
 year students in the standing long jump trial in the year 2000 were 

significantly higher than those achieved in 2006. In the case of sit-ups – 30 s, the best results were achieved in 

2006 (averaging 27.3 sit-ups/30 s) and were significantly higher (α = 0.01) than in other analyzed years. On the 

other hand, the results of the 4x10 m shuttle run in 2006 were significantly lower (α = 0.01) than those recorded 

in the remaining years. The highest variability of results occurred in the skipping with clapping of hands – 8 s 

trial. The 2006 results for this test were significantly higher (α = 0.01) than those recorded for the other time 

periods. Statistically significant differences (α = 0.05) were also observed between the years 2002>2004 and 

2000>2004. 

Statistical analysis of anaerobic test results revealed the presence of a clear linear trend between the 

successive years of research for the standing long jump trial. A decrease in lower limb power was observed over 

the course of the years. Nevertheless, a linear trend for the remaining trials (sit-ups – 30 s, 4x10 m shuttle run, 

and skipping with clapping of hands – 8 s) was not noted (Table 2).  

 

Discussion  

 Over the course of the past two decades only nine publications pertaining to secular changes in the level 

of aerobic fitness among children and youth were confirmed (Przewęda & Trześniowski; 1996; Lefévre, 

Bouckaert, & Duget, 1997; Hamlin, Ross, & Hong, 2002; Tomkinson, Olds, & Gulbin, 2003; Tomkinson et al., 

2006; Przewęda & Dobosz, 2007; Tomkinson, 2007; Albon, Hamlin, & Ross, 2010, Moliner-Urdiales et al., 

2010). Research on students taking up studies at the Warsaw University of Technology (Pilicz, 2000) and 

University of Warmia & Mazury in Olsztyn (Podstawski, Siemianowska, & Skibniewska, 2010) constitute an 

additional study and the only one focused on university students. Apart from it, no other publications involving 
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tertiary institutes were found. This fact makes the results presented in this article more valuable but, on the other 

hand, also makes extensive comparisons impossible. 

In the case of students (female and male) beginning studies at the Warsaw University of Technology, 

slow and favorable changes in the level of anaerobic abilities were noted between the years 1966 – 1987 

(females) and 1962 – 1986 (males), in the standing long jump and zig–zag run trials (Pilicz, 2000). In turn, 

significant differences in results achieved by 1
st
 year female students attending UWM in Olsztyn occurred in the 

following trials: standing long jump, sit-ups – 30 s, 4x10 m shuttle run, and skipping with clapping of hands – 8 

s (Podstawski et al., 2010).  

The applied motor, i.e., standing long jump, 4x10m shuttle run and sit-ups – 30 s, are considered to be 

accurate and reliable indirect tests for the assessment of anaerobic abilities (Docherty, 1996; Szopa, 1998; Szopa 

et al., 1998; Wachowski & Strzelczyk, 1999). The accuracy and validity of the skipping with clapping of hands – 

8 s trial is in the initial research stage (Podstawski, Borysławski, & Grymuza, 2010).  

 

Conclusions 

The analysis of changes occurring in the level of anaerobic fitness among 1
st
 year students over the 

years 2000-2006, revealed significant differences between the individual years. These differences occurred in 

every applied anaerobic test, however, a linear trend indicating the deterioration of 1
st
 year students’ lower limb 

power was observed only in the standing long jump trial (r=-0.846). In the remaining anaerobic trials, i.e., 

skipping with clapping of hands – 8 s, sit-ups – 30 s, and 4x10 m shuttle run, linear trends were not noted. The 

research should be continued and its scope extended to include subsequent years of study. 
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