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SUMMARY: Monitoring running performance provides important insight into physiological development, training effectiveness, and
individual differences in speed and endurance, as sprint and middle-distance events require different contributionsoafrashaerobic capacities.
The aim of this study was to analyze generational differences and interrelationships in performance across short- astbmoddée-atits among
twelve generations (groups) of students. The longitudinal study included 210 third-year students from the faculty of e\nyesiical BEnd Sport
over a 12-year period, and performance was assessed in the 100 m, 200 m, 400 m, and 800 m events under standardiz&tatistidiions.
analysis included descriptive statistics, tests of normality and homogeneity, Pearson correlation coefficients, MANOViargaite ANOVA
with Tukey HSD post hoc tests. MANOVA revealed statistically significant differences among generations in overall perfovitkahcarobda
=0.481; F = 3.44; p < 0.004? = 0.519), while univariate ANOVA identified significant differences only in the 100 m event (F = 4.767; p < 0.001;
n? =0.212). All events were positively and statistically significantly correlated, with the strongest correlation obser@uthetd00 m and 200
m (r = 0.799; p < 0.001), and moderate correlations between the 100 m and 800 m (r = 0.542), 200 m and 400 m (r = 00686)aadd80 m
(r=0.666) (all p < 0.001). Middle-distance performances showed relative homogeneity across generations, whereas simtgeed@monstrated
greater variability, indicating that generational differences are most pronounced in short sprint events. Sprint perfatiminpeegiécts middle-
distance results, confirming the interaction between speed and endurance capacities and emphasizing the importancesgf@dotiaaae
monitoring and training adaptation to the specific demands of each discipline.
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INTRODUCTION

Athletics represents a fundamental sports discipline Sprint athletic disciplines, including short and long
that encompasses basic human motor skills, among whigprints (100 m, 200 m, 400 m) and middle-distance running
running occupies a central position in terms of humaf800 m), involve a complex interaction of physiological,
development and functional efficiency. It integrates the largesiomechanical, psychological, and environmental factors in
number of basic motor abilities and plays a key role in theoung runners that enable individual success (Blagebve
system of physical education and sport (Pérez Hern&tdeal., 2018; Sandforét al, 2019a; Sandfordt al, 2019b).
al., 2022; Jefferson-Buchanan, 2022; Garbedvial, 2025).  Sprint disciplines are characterized by relevant parameters
Running has significant application in everyday functionindhased on morphological, functional, and motor dimensions.
standing out as a basic form of locomotion and the moist these disciplines, particular emphasis is placed on leg
common form of structured physical activity across differemhuscle strength, the volume and girth of the thigh muscles
populations. Positive effects on the cardiovascular systditdanos-Lago®t al, 2024), and functional capacities related
have been demonstrated, while short sprinting exercises @andanaerobic capacity (Bachero-Mestaal, 2017), which
explosive drills influence the development of neuromusculémplies the activation of phosphocreatine and glycolytic
mechanisms important for achieving high running speeg@socesses, whereas middle-distance running involves a
(Kozinaet al, 2018, 2020; Da Ros al, 2019). combination of glycolytic and aerobic energy processes.
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Sustainable running performance depends on a complgswer output, sprint disciplines rely heavily on anaerobic
interaction of factors that lead to efficient muscle functioenergy mechanisms (Haaseal, 2025), as well as on a
and should result in a fast and efficient running galirge number and large cross-sectional area of type Il muscle
(Balsalobre-Fernandeat al, 2016; Govindasamgt al, fibers in the leg muscles (Thompson, 2017). Performance
2023). Among the factors that can predict performance in middle-distance runners is characterized by interacting
middle-distance running events such as the 800 m is runnipigmechanical and physiological parameters (Tschopp &
economy, which is commonly defined as a stable fact@&runner, 2017; Gonzalez-Raeéal, 2021; Rivera-Kofler
essential for success and as the amount of oxygenal, 2024), with the possibility of unique combinations of
consumption (V® required at a given submaximal speedeach leading to high levels of performance. Performance in
These performance determinants have attracted increasmigidle-distance events is associated with a range of factors,
attention over the past decade, although they are still ofterluding maximal oxygen uptake (VY@ax), velocity at
referred to as being “relatively neglected in the scientifigO?max (vVCmax), maximal metabolic steady state,
literature.” Traditionally, biomechanical factors (Santosrunning economy, and sprinting abilities. Research also
Concejercet al,, 2014), muscle fiber distribution (Pellegrinoindicates a significant decline in speed and an increase in
etal, 2015), age and sex (Balsalobre-Fernastlak, 2016), oxygen consumption during the final phases of 400 m and
and anthropometric factors explain interindividual variabilit800 m races, reflecting a complex interaction between
in running economy and the achievement of highaerobic and anaerobic processes during maximal effort
performance results. It should not be overlooked that sprif@achero-Mena&t al, 2017; Campost al, 2022; Thurlow
performance and the homogeneity of results within a givet al, 2024; Belechrist al, 2025). In addition, performance
group of athletes are also strongly influenced by sex amtdthe 800 m event shows a strong association with sprint
age as primary factors determining sporting performancand explosive abilities, confirming the need for a multivariate
due to fundamental sex-based differences in anatomy amgproach in the analysis of running performance.
physiology dictated by sex chromosomes and sex hormones
(Hunteret al, 2023). Relatively high speeds achieved in Previous research indicates that performance in sprint
middle-distance and longer track events, particularly amouwigsciplines depends on numerous factors, including running
younger runners, require high mechanical power output, eviathnique, the training process, level of training, generated
though ground reaction forces are lower than in sprintirfgrce output, sex, age, as well as other biological and
(Bahenskyet al., 2020), which is also a shared characteristitinctional variables. Running performance is a key indicator
of short-distance running (such as the 100 m) and middlef physical fithess and athletic potential in students of
distance events (such as the 400 m or 800 m). The technidileysical Education and Sports. Although asymmetry
of force application is a decisive factor in sprint performancegtween sprint performance and long-distance running is
unlike the total amount of force that individuals can applwell documented among elite athletes, it remains unclear
to the ground (Moriret al, 2011). It appears that thewhether similar patterns occur in populations of students of
orientation of the total force applied to the ground duringhysical education and sport. In particular, the relationship
acceleration and sprinting is more important for performandmtween performance outcomes across different running
outcomes than its magnitude. However, sprint and middldistances has not yet been fully clarified, especially in
distance running performance is also strongly influenced liydividuals with basic or intermediate levels of running
training strategies, including a wide range of strengtlability. Given the central role of running in athletics and its
training modalities such as low-load training, high-loaémportance for most sports disciplines, the examination of
training, explosive training, and plyometric training (Barnesunning performance among students of physical education
& Kilding, 2015; Govindasamt al, 2023). It has been and sport represents an important basis for understanding
demonstrated that these different strength-training modalititee development of motor abilities and for planning effective
improve running economy in recreational, moderateltyraining and educational programs for future professionals
trained, and highly trained runners. According to the the field of physical education and sport. Although there
scientific literature, training aimed at developing maximak a rich body of research focused on elite athletes, little is
force yields the best results in improving running speed known about the manifestation of these patterns among
sprint and middle-distance events (Beattial, 2014). students, who are generally expected to have intermediate
or basic levels of running ability. Students of faculties of
The maximal running speeds observed in sprimhysical education and sport constitute a specific population
disciplines (100 m and 200 m) and middle-distance everttgat combines an adequate level of general and specific
(400 m, 800 m) are achieved through high vertical grourrdnning abilities with the potential influence of a modern
reaction forces applied over very short contact times (Gugadentary lifestyle. Monitoring running performance across
et al, 2021; Linet al, 2023). When generating maximalmultiple student generations enables insight into longitudinal
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changes, as well as the stability of relationships betweérclusion criteria
different running disciplines. Therefore, longitudinal and
multivariate investigations are essential for understandifRarticipants were included if they:
the legality governing the development of running abilities, Were male,
the interrelationships among performance outcomes acres§Vere third-year students at the PES,
different distances, and their application in sport, education,Were in good health and had the functional capacity to
and everyday life. Itis particularly unclear how performance safely perform physical tests,
across different running distances correlates with each otheParticipated in the practical part of the Athletics exam as
and how it develops over time. Longitudinal monitoring part of the regular curriculum.
allows for the analysis of changes and the stability of running
abilities, while multivariate analysis enables arkxclusion Criteria
understanding of the complex interaction of factors that Had health or functional impairments that could prevent
influence success in running. the safe execution of physical tests,
- Did not regularly attend practical Athletics classes or did
The aim of the study is to analyze variations and not participate in official testing during the exam,
relationships in running performance among generations-oHad inconsistencies in measurement results or incomplete
students at the Faculty of Physical Education and Sport indata.
the 100 m, 200 m, 400 m, and 800 m disciplines, using
descriptive and multivariate statistics. The followingResearch design
hypotheses were formulated:
Instruments and Procedures.The tests were conducted
1. There are significant differences in running performanaender standardized conditions on an athletic track, in
of students in the 100 m, 200 m, 400 m, and 800 actcordance with the official IAAF rules. Prior to testing, all
disciplines across generations. participants performed a standardized warm-up lasting 10—
2. Performance in shorter disciplines (100 m and 200 rip minutes, which included light jogging, dynamic
positively correlates with performance in longer sprinstretching, and running preparation exercises, aimed at
and middle-distance events (400 m and 800 m). preparing the musculoskeletal system and reducing the risk
3. The variance of running performance among generatioof injury. All participants were tested in four running
is homogeneous, allowing valid comparison of results.disciplines: 100 m, 200 m, 400 m, and 800 m. The tests
were conducted during the practical examination for the

MATERIAL AND METHOD Athletics course, with participants performing a maximum
of one or two disciplines per day to preserve physiological
Sample od participants freshness and ensure the validity of results. A rest period of

20-30 minutes was provided between individual disciplines
A total of 210 male students in their third (Ill) year ato minimize fatigue effects and maintain the reliability and
the Faculty of Physical Education and Sport, University akepresentativeness of running performance indicators. Race
East Sarajevo, aged 20 to 25, participated in this longitudirntihes were measured manually by the same experienced
study conducted over twelve years. Measurements were takeeasurer for all tests to ensure objectivity and reduce
during the practical exam of the Athletics course, ensuringsaibjective error. The tests were carried out under
high level of participant motivation since the results had direstandardized conditions (no rain, minimal wind) with a high
academic significance. All participants provided informedevel of intrinsic motivation.
consent prior to the study and met basic health and functional
criteria necessary for the safe execution of physiological tesBata Processing and Statistical Analysis
Participants had a certain level of prior training experience,
which enabled valid and comparable measurements. The collected data were processed using the Statistica
10.0 software package. To describe central tendency and
The Ethics Committee of H.S. Skovoroda Kharkiwariability of performance within and between generations,
National Pedagogical University was given permission tbasic descriptive statistical parameters were calculated,
conduct this research, as it complies with the Declaration wfcluding the mean (Mean), standard deviation (SD),
Helsinki of the World Medical Association - ethical principlesminimum (Min) and maximum (Max) values, range (Range),
of medical research involving human subjects (No. KhNPWonfidence interval (Ct 95 %), standard error (SE), and
PhES/EC/12/12/2011). The experiment was carried oabefficient of variation (CV). The normality of data
beginning December 12, 2011 and ended Novemb@023,.  distribution was assessed using the Kolmogorov—Smirnov
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test (K-S), while homogeneity of variances between group®lmogorov—Smirnov tests (p > 0.05) showed no significant
was verified using Levene's test. In cases where the data daViations from normality, supporting the use of parametric
not meet the assumptions of normal distribution, thanalyses. Levene’s test confirmed homogeneity of variances
nonparametric Mann—Whitney U test was applied (resultecross disciplines. Overall, variability increased with
are not shown, as all tests met the criteria for normalityjistance, suggesting greater inter-individual differences in
Relationships between performances across disciplines wkmeger events. These findings provide a basis for interpreting
examined using the Pearson correlation coefficient, withenerational differences and correlations between sprint and
statistical significance set at p < 0.05. Multivariate analysimiddle-distance performances.
(MANOVA) was conducted to assess the overall effect of
group membership on the combination of performances Table Il presents descriptive statistics of running
across all running disciplines. For individual distanceqerformance in the 100 m, 200 m, 400 m, and 800 m
univariate analysis of variance (ANOVA) was performeddisciplines for 12 generations of participants. The analysis
with Tukey HSD post hoc test used to identify significanincludes mean values and SD, allowing for the assessment
differences between student generations. Statisticaflcentral tendency and variability within each group. In the
significance was determined at p < 0.05*%; p < 0.01**, 100 m discipline, average times ranged from 12.0%60 s
(Group 2) to 13.82 1.06 s (Group 11). The best results
RESULTS were achieved by Group 2 and 3, with mean times below 13
s, indicating above-average sprinting abilities in these
Descriptive statistics for the running events (100 ngenerations. In contrast, Groups 10 and 11 showed lower
200 m, 400 m, and 800 m) provide insight into participantsiverage performance and greater variability (SD between
baseline running abilities and variability within the sampl®.73 and 1.18 s), which may be due to differences in training
(Table 1). The average time for the 100 m sprint was 13.26&tatus, motivation, or a heterogeneous group composition
(min = 10.90 s; max = 16.70 s). The range of 5.80 s amdterms of previous sports experience.
relatively low standard deviation (SD = 0.92 s; 95 % CI:
0.84 — 1.02) indicate relatively low dispersion in maximal For the 200 m event, the fastest average time was
sprinting speed. The coefficient of variation (CV = 6.94 %decorded by Group 2 (26.462.97 s), while the slowest was
further confirms moderate individual differences, with mosGroup 5 (29.38t 2.93 s). Standard deviations in this
participants performing close to the mean. discipline were higher than in the 100 m, indicating greater
within-group heterogeneity. This is expected, as the 200 m
For the 200 m event, the mean time increased to 28.5@rint combines speed and anaerobic endurance, so
s (min = 22.90 s; max = 36.16 s), with a larger SD (2.41 participants with similar sprinting speed may differ
95% CI: 2.20-2.67) and higher CV (8.44%), reflectingignificantly in their ability to maintain pace in the second
greater heterogeneity. This is consistent with the greatealf of the race. Generation 5 stands out for high variability,
demand to sustain high intensity over a longer distance. Teigggesting substantial individual differences in sprint
400 m showed further increases in variability (mean = 68.&hdurance within this generation.
s; min=54.73 s; max=97.00s; SD =6.41 s; CV =9.31 %),
and the large range (42.27 s) indicates substantial individual ~ Average times for the 400 m ranged from 6538
differences. The highest relative variability was observed ih91 s (Group 3) to 71.G44.01 s (Group 4). Group 3 again
the 800 m (mean = 2.71 min; min = 2.13 min; max = 3.50emonstrated the best results, consistent with their
min; SD = 0.32 min; CV = 11.87 %). Although absolutgerformance in the 100 m and 200 m, indicating a generation
dispersion was moderate, the higher CV indicates mowdth well-developed anaerobic capacity and an optimal
pronounced individual differences at longer distancebalance of speed and endurance. The highest standard

Table I. Descriptive statistics of running disciplines (n=210).

Distance Mean Min. Max. Range SD CI£95% CV % SE K-S Leven's test
100m (s) 1326 1090 16.70 5.80 092 0.84-1.02 6.94 0.06 0.124 0.144
200m (s) 2859 2290 36.16 13.26 241 220-2.67 844 0.17 0.186 0.585
400m (s) 68.89 5473 97.00 4227 641 5.84-7.10 931 045 0.153 0271
800m (min) 271 213 3.50 137 032 029-036 11.87 002 0262 0.112

Mean = average; Min. = minimum; Max. = maximum; Range = difference between max. and min.; SD = standard devi&o¥; €B5 % confidence
interval; CV % = coefficient of variation; SE = standard error; K-S = Kolmogorov-Smirnov test for normality; Levene’s s¢$or-hHemogeneity of
variance. Distances: 100 m, 200 m, 400 m (seconds) and 800 m (minutes).
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Table II. Average values of running disciplines by groups.

Group N 100m (s) 200m (s) 400m (s) 800m (s)

Mean= SD Mean + SD Mean+SD Mean= SD
1. 26 13.24 £ 0.66 2870 +2.14 69.64 498 262+0.23
2. 19 12.09 +£0.60 2646 £2.97 70.86 £9.08 267 +0.33
3. 26 1291 +£0.83 2810 £2.86 6538 +791 2.55+0.25
4, 18 13.04 £0.62 2885+1.92 71.01 £4.01 276 +£0.33
5. 13 1293 £0.84 2938 £2.93 68.12 £ 698 2.65+0.36
6. 21 13.60 £ 0.85 2930 £2.06 69.00 £5.50 273+0.26
7. 16 1332 £0.76 2879 £2.02 69.34 £4.07 277 +0.31
8. 19 13.69 £ 1.18 2867 £2.42 68.82 +753 2.70 + 0.40
9. 14 13.53 +£0.73 2833 +£2.26 6841 +501 2.85+0.37
10. 13 13.62 £ 1.14 2871 +£2.19 69.76 £ 6.52 282+ 042
11 12 13.82 +1.06 2926 £2.60 70.77 £7.32 2.82+0.29
12. 13 13.43 £0.64 2889 +1.77 68.68 £536 279 +0.36

Values are presented as meatandard deviation (SD) for each running discipline by generation. N = number of participants
in each group. Distances: 100 m, 200 m, 400 m, and 800 m, measured in seconds (s).

deviation was recorded in Group 2 (SD = 9.08 s)f results, indicating a wide range of performance levels
significantly higher than in other groups, reflectingwithin the group. Sprint disciplines show greater variability
pronounced differences in the ability to maintain higlbetween groups, which is expected given that short distances
intensity throughout the race. This variability may result frordepend heavily on speed and neuromuscular abilities, which
uneven training status or different tactical approaches withiaturally vary among individuals. For middle-distance events
the group. (400 m and 800 m), differences between groups are smaller,
suggesting that generations are more similar in aerobic—
For the 800 m, average times ranged from 255 anaerobic capacities, likely due to similar long-term training
0.25 min (Group 3) to 2.850.37 min (Group 9). Although programs. Overall, it is clear that Groups 2 and 3 lead in
the absolute range is greater than in sprint events, standawwbkt disciplines, while increased variability in certain groups
deviations remain relatively consistent (0.23 — 0.42 minhighlights the need for further analysis of factors contributing
indicating lower within-group heterogeneity. This may béo heterogeneity and the potential adjustment of training to
because the 800 m requires a combination of aerobic agsure consistent progress among all members.
anaerobic capacity, and participants from the same generation
likely follow similar conditioning programs. The best Table Il presents the inter-correlations between
performance by Group 3 confirms previous trendgerformances in the running disciplines among participants,
highlighting consistently strong results for this generatiowith all correlations being statistically significant at p < 0.01.
across all disciplines. Overall, the analysis shows that Groupise results show that performances in sprint disciplines are
2 and 3 were the most consistent and highest-performingsinongly interrelated. The strongest correlation was observed
sprint disciplines (100 m and 200 m) as well as in the mobetween the 100 m and 200 m (r = 0.799, p < 0.004, r
demanding middle-distance events (400 m and 800 m). Ldw639, large effect), indicating that participants who perform
within-group variability in key disciplines may reflect awell in the shortest sprint generally also achieve better results
homogeneous level of training, favorable training conditions) the 200 m. This high association confirms the key role of
or an optimal selection process. In contrast, some groupsiximal speed in short sprints. The correlation between 100
(e.g., 5, 8, 10, and 11) are characterized by greater dispersioand 400 m was moderate (r = 0.583, p < 0.6G310r340,
medium effect), while the correlation between 200 m

Table IlI. Correlation between running (n=210). and 400 m was stronger (r = 0.686, p < 0.00%, r
Distance r P r* (Cohen's effect size)  0.471, large effect). This suggests that although speed

100mvs. 200m 0.799 <0.001 0.639 is the primary factor in the 400 m, anaerobic endurance

100mvs. 400m 0583 <0.001 0.340 and the ability to maintain high intensity over a longer

100mvs. 800m 0542 <0.001 0.294 sprint distance also play a significant role.

200mvs. 400m 0.686 <0.001 0471

200mvs. 800m 0527 <0.001 0278 Performance in the 800 m showed moderate

400mvs. 800m 0.666 <0.001 0444 correlations with sprint disciplines: 100 m (r = 0.542,

r= correlations;= proportion of variance explained, interpreted as Cohen’s effect _ . _
size. Small effect: r = 0.10; Medium effect: r = 0.30; Large effect: r = 0.50. AP <0.001, %= 0.294, medium eﬁeCt) and 200 m (I’ -

correlations are statistically significant at p < 0.01. 0.527, p < 0.0012r= 0.278, medium effect), while
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Table IV. Multivariate tests of significance sigma-restricted parameterization effective hypothesis

decomposition.

Test Value F Effect- df Error - df p h?
Intercept  Wilks’ Lambda  0.005 10126.62 400 187.00 0.000* 0.995
Group Wilks' Lambda 0481 344 44.00 717.37 0.000* 0519

Wilks’ Lambda - was used to test multivariate significance. F-statistic; p - significancerjgévef;ohen’s
effect size; p < 0.05 indicates statistical significance, and * significance at p < 0.05.

the correlation with 400 m was stronger (r = 0.666, p < 0.86101444, large

disciplines. Speed dominates performance in shorter events (100 m and
m), whereas aerobic—anaerobic endurance becomes critical for the 400 m
800 m. Cohen’s¥ values further confirm the effect sizes, suggesting tha
training programs should be specifically tailored to the demands of each
distance, balancing speed and endurance components according to the targ %ec
discipline.

Multivariate analysis (MANOVA) based on the data from Table IV shows
the existence of statistically significant differences between groups when
considering the combination of all dependent variables—times achieved in the
100 m, 200 m, 400 m, and 800 m events. The Wilks’ Lambda value for the
group effect was 0.481, with a corresponding F-test of 3.44, a highly significant
p-value (p < 0.001), and a large effect sige=0.519). These results indicate
a clear and significant difference in overall running performance between

V) shows that significant differences between generations are present onl
the 100 m sprint, where F = 4.767 and p < 0.001, with a large effechsize (

(200 m, 400 m, and 800 m), differences between groups Were not statistica

significant (p > 0.05), with small effect sizeg € 0.082 for 200 nm)2 = 0.066

between groups have a stronger impact on short sprints than on mlddlea_) mdg
long-distance races. 217

Analy

Distancz

Tukey HSD analysis for the 100 m sprint (Table V) shows that the seco
group (Mean = 12.09 s) differs significantly from most other generatians
particularly compared to group 1 (Mean = 13.24 s, p = 0.001, d = —1.8@,

200 m Cohen' D

Cohen's D

100 m

2.9r.vs.
5.gr. =0.024*

6.gr. =0.018*

2.9rvs.

3.36 13741 070 4767 0.000** 0212

36.95

100 m (s)

- large
- large

-0.99
-1.12

- large

-1.81
-2.03 -

=0.001*

1.9gr.
6.0r.

amge

0.000**

8.88 1089.48 564 1572 0.109 0.082 =

97.64

200 m (s)

0271 0.066

1.228

7796.18 4061

54844 4986

400 m (s)

0.001**

10. gr.= 0.000**
11. gr. =0.000**
12. gr. =0.003**

9.9gr.

0.16 19.43 0.10 1579 0.107 0.082

1.74

800 m (s)

SS - sum of squares; MS - mean square; F-statistic; p - significanceyfev€bhen’s effect size; Tukey HSD- post hoc comparisons between groups; Statistically significant

differences are indicated as *p < 0.05 and **p < 0.01.; Cohen's D effect:=Mmall mediune 0.5; large> 0.8.
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(Mean =13.60 s, p = 0.000, d =-2.03), 7 (Mean = 13.32 s, The univariate analyses showed that statistically
p =0.007, d =-1.80), 8 (Mean = 13.69 s, p = 0.000, d =significant generational differences were observed primarily
1.71), 9 (Mean =13.53 s, p=0.001, d =-2.19), 10 (Meanirrthe 100 m sprint (F =4.767; p < 0.09%= 0.212), with
13.62 s, p = 0.000, d = -1.77), 11 (Mean = 13.82 s, pGroup 2 outperforming all others (M =12.09 s). In the 200
0.000, d =-2.15), and 12 (Mean = 13.43 s, p = 0.003, d = sprint, only limited significant differences were found,
2.17). This clearly indicates that the second generation leadsere group 2 also showed the highest mean (M =26.46 s)
in sprint performance. No significant differences weréTable V). Longer distances (400 m and 800 m) did not
found with generations 3 (Mean = 12.91 s, p = 0.611),demonstrate statistically significant differences between
(Mean = 13.04 s, p = 0.224), and 5 (Mean = 12.93 s, pgenerations (p > 0.05? = 0.066—0.082), suggesting that
0.094), showing relatively consistent times among thfactors affecting sprint performance vary more between
middle generations. groups than those influencing middle-distance events.
These findings may reflect differences in student selection,
Tukey analysis for the 200 m discipline shows thataining experience, and age-related maturation, as older
the second group (Mean = 26.46 s) differs significantlgtudents typically exhibitimproved sprint performance due
only from specific groups, particularly the fifth (Mean =to neuromuscular development and force generation
29.38 s, p =0.024, d = -0.99) and sixth (Mean = 29.30 scppacity (Balsalobre-Fernandet al, 2016). Moreover,
=0.018, d =-1.12) groups. Most other comparisons betwe@noup 2 may have included a higher proportion of students
generations were not statistically significant (p > 0.05)yith prior competitive experience or elite athletic
suggesting that sprint performance in the 200 mis relativehackground, consistent with findings emphasizing the
similar across generations. For the 400 m and 800 m evemspact of systematically guided training on performance
average times ranged from 65.38 s (Group 3) to 71.0lostcomes (Barnes & Kilding, 2015).
(Group 4) and from 2.55 min (Group 3) to 2.85 min (Group
9), respectively. Although absolute differences exist, Tukey Correlation analyses further support these
HSD analysis confirms that these differences are nutterpretations. Strong positive correlations were observed
statistically significant (p > 0.05). Therefore, performancbetween 100 m and 200 m performances (r = 0.799; r
across generations in middle-distance events does not stth639; p < 0.001), indicating that short-sprint capabilities
significant differences. In summary, group or generationare highly interdependent, reflecting maximal force
membership has a significant effect on combinegroduction and neuromuscular efficiency (Jiménez-Reyes
performance, but the greatest effect is observed in the 1€0al, 2022; Linet al, 2023; Belechriet al, 2025).
m sprint. Longer events (200 m, 400 m, and 800 m) shdvWoderate correlations were identified between sprint and
lower heterogeneity between generations, suggesting thaiddle-distance events, such as 100 m —800 m (r = 0.542;
aerobic—anaerobic capacity and tactical consistency reduge= 0.294) and 200 m — 800 m (r = 0.527510.278),
differences. The second group consistently leads in spritggesting that while sprint speed contributes to middle-
disciplines, while the middle group are relativelydistance performance, endurance-related physiological

homogeneous. factors increasingly modulate results over longer distances
(Guptaet al,, 2021; Campost al., 2022; Miroshnichenko
DISCUSSION et al, 2024). The relatively strong correlations between

200 m—-400m (r=0.686+ 0.471) and 400 m — 800 m

Continuous monitoring of student athletic(r=0.666;f=0.444) reflect the transitional energy system
performance is essential for tailoring individualized trainingemands between anaerobic and aerobic metabolism,
programs, optimizing curricula, and supporting holistiemphasizing the integrative contribution of both speed
physical development. The primary aim of this study waand endurance capacities to performance success (Table
to analyze interrelationships among sprint and middI¢H).
distance running disciplines across twelve generations of
male students. The multivariate analysis of variance Performance in the 800 m event highlights its nature
(MANOVA) revealed statistically significant differencesas a transitional discipline. Although aerobic metabolism
among generations in overall performance across aitedominates over its duration, sprint speed, acceleration
measured disciplines (Wilks’ Lambda = 0.481; F = 3.44; ability, and anaerobic power significantly affect
< 0.001;n2% = 0.519), indicating that generationalperformance, particularly during the initial and final phases
membership significantly influences the combination obf the race (Morinet al, 2011; Thompson, 2017).
sprinting and middle-distance performance. This findinGonsequently, the moderate yet significant correlations
justifies the subsequent application of univariate ANOVAbetween the 800 m and shorter distances, especially 400
to explore individual event differences (Table V). m, can be explained by overlapping pacing strategies and
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metabolic demands. This supports the notion that middle- In conclusion, generational differences in running
distance performance among students is not solely parformance are most pronounced in short sprints, with sprint
aerobic test but requires a combination of speed, anaerodiility partially predicting middle-distance outcomes. A
power, and neuromuscular efficiency (Sandfetdal, multivariate analytical approach combining descriptive
2019a; Belechrist al., 2025). Biomechanical determinantsstatistics, correlations, and variance analyses enables a
provide an additional explanatory framework. Maximuntomprehensive understanding of interrelationships in student
running speeds in 100 m and 200 m are achieved througimning performance. These insights support targeted
high vertical ground reaction forces applied over very sharaining, informed curriculum design, and individualized
contact times (Linet al., 2023). Hence, the strongathlete development, bridging physiological mechanisms,
correlation between these disciplines aligns with the sharbiwmechanical determinants, and practical applications in
dependence on neuromuscular and mechanical efficiensgort education.
Conversely, the weakest correlation observed between 100
m and 800 m reflects the dominance of distinct enerdgymitations of the Study
systems and physiological capacities in these events.
Variability among participants is further influenced by prior The study has several limitations, including the fact
sport specialization, with students from team and individughat the sample consisted exclusively of male students, which
sports exhibiting different representations of energy systemesduces the generalizability of the findings, as well as the
and mechanical strategies. possibility of minimal subjective error resulting from manual
time measurement. Since the tests were conducted outdoors,
Generational comparisons also reveal differencesthe results may have been influenced by varying weather
variability. Sprint disciplines (100 m, 200 m) demonstratedonditions, and the long-term longitudinal design may
relative homogeneity, suggesting that baseline speat/olve uncontrolled changes in the curriculum or
abilities may reach a genetically or developmentallgquipment. Additionally, the analysis included only four
determined ceiling within this population. Middle-distanceunning disciplines, without considering other relevant
events (400 m, 800 m) showed higher inter-individualhysical or biomechanical factors.
variability, likely influenced by aerobic fitness, training
history, motivation, and lifestyle factors (Naziledal, Directions for Future Research
2024). These findings underscore the influence of modern
sedentary behaviors on prolonged-duration performandeyture research should therefore include female participants
highlighting the need for structured interventions targetingnd a broader population, employ electronic systems for
endurance development. From a practical standpoint, thi@re accurate time measurement, and examine additional
observed interrelationships suggest that enhancing spnitiysical and biomechanical aspects such as strength, agility,
capacity may positively transfer to middle-distancand running technique. It would also be useful to monitor
performance, particularly in students with foundationahe impact of training processes and educational programs
training levels. Incorporating maximal and explosiven student performance, as well as conduct long-term
strength elements alongside sprint training can therefaaaalyses of performance and training effects after graduation.
optimize performance even in curricula emphasizing
endurance. The consistency of these findings acroBgeactical Implications
multiple generations emphasizes the value of longitudinal

monitoring in identifying trends, refining selection criteria, In practical terms, the findings may contribute to
and individualizing training programs (Kozit al, 2023; optimizing training programs tailored to individual abilities,
Rebbouj & Lotfi, 2024). improving the physical education curriculum by emphasizing

speed, endurance, and coordination, and continuously

Finally, these results have broader implicationsonitoring progress to identify students who require
beyond sport performance. Understanding generatioradditional guidance. Moreover, the results may aid in
differences and the interplay between speed and endurasekecting and specializing athletes based on their potential,
contributes to optimizing physical education curriculawhile the application of standardized warm-up routines and
promoting health, and fostering the development of futurest intervals may help prevent injuries and increase the
sport educators and coaches. Continuous, analyticaltglidity of performance outcomes.
grounded evaluation provides a framework for evidence-
based decision-making, ensuring that interventions aBONCLUSION
appropriately tailored to the physiological and
biomechanical demands of each discipline. The results of this study showed statistically
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significant differences in performance between studenstudiantes de tercer afio de la Facultad de Educacion Fisica y

generations, confirming the first hypothesis regarding tHeeporte durante un periodo de 12 afios, y el rendimiento se evalu6
existence of generational variations in running abilitieg" 1as pruebas de 100 m, 200 m, 400 m y 800 m bajo condiciones

within the examined population. Correlations between Spria§tandarizada5. El andlisis estadistico incluy6 estadistica

. . . .:__descriptiva, pruebas de normalidad y homogeneidad, coeficientes
and middle-distance performances were also statistica Xcor‘:elacign de Pearson MANO\ZAyAN%VA univariado con

_SIgnlflca.nt, S_upportlng_ thg §epond hypotheSI§ on trﬂ?uebas post hoc HSD de Tukey. El analisis de MANOVA revel6
interrelationship of athletic disciplines. Key conclusions arjiferencias estadisticamente significativas entre generaciones en
el rendimiento general (Lambda de Wilks = 0,481; F = 3,44; p <
1. Homogeneity of middle-distance performance: Unlike,001;n2 = 0,519), mientras que el ANOVA univariado identificé
sprint disciplines (100 m and 200 m), performances in thiiferencias significativas solo en la prueba de 100 m (F = 4,767; p
400 m and 800 m events were relatively similar across0,001;n?=0,212). Todas las pruebas mostraron una correlacion
generations within this specific student population. smapoesitiva y estadisticamente significativa, observandose la

effect sizes {2 = 0.07-0.08) indicate that genera’[ionaFo"elaCién mas fuerte entre los 100 my los 200 m (r = 0,799; p <
differences in these distances are limited 0,001), y correlaciones moderadas entre los 100 my los 800 m (r =

2 f withi iability: G di . ,542), los 200 m y los 400 m (r = 0,686), y los 400 m y los 800 m
- Impact of within-group variability: Greater dispersion o r = 0,666) (todas p < 0,001). El rendimiento en media distancia

results within individual groups suggests that differencggostrs una homogeneidad relativa entre generaciones, mientras
in conditioning, physical predispositions, and tacticajue el rendimiento en velocidad demostré una mayor variabilidad,
execution are more important than generationad que indica que las diferencias generacionales son mas
differences. pronunciadas en las pruebas de velocidad corta. El rendimiento en
3.Practical interpretation: Although mean times show sonyelocidad predice parcialmente los resultados de media distancia,
variation, generations cannot be considered statisticafignfirmando la interaccion entre la velocidad y la resistencia y
different in middle-distance performance. Analyses shouffPrayando la importancia del seguimiento continuo del

rendimiento y la adaptacién del entrenamiento a las exigencias

therefore focus on within-group trends and individual o o
especificas de cada disciplina.

differences rather than generalizing the superiority of any

generation. PALABRAS CLAVE: Atletismo; Media distancia;
] ) ] _ Rendimiento estudiantil; Analisis multivariante.
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