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Abstract

In running events, especially sprints, there have been many good forms of training in
improving sprint performance, such as downhill sprint training, towing, elastic assists,
and orders. This training is used to improve stride length and stride frequency quality.
Although in this study we tried to see with one among these training that contributes the
most to improving running speed. The research method is an experiment using a design in
the form of a pretest - posttest group design. The research subjects involved as many as
60 students of the physical education, health and recreation study program STKIP
Pasundan, divided into two groups (A & B), group A was given stride frequency exercises,
group B was given stride length exercises. From the results of data calculations in reality
there is a significant influence from stride frequency training and also from stride length
training to sprint running performance. But because stride length training has a greater
positive impact on sprinting compared to stride frequency training, we as researchers
recommend sprint trainers so that the exercise provides a greater proportion of the
amount for stride length training.
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Introduction

Running is one of the sports that is included in athletics and is divided into three main
events, namely short, medium, and long-distance running (Callison &; Lowen, 2022), and
is one of the most popular sports in the world, easy to do and has good accessibility (Shi
et al., 2019), especially in Indonesia this sport is also always given in schools (Sobarna
&; Hambali, 2020), where the fastest time is the main determining factor in achievement
(Rivanta &; Agus, 2019), especially in sprints, the speed of a runner's feet and hands is
the main factor to quickly get to the finish line (Macadam et al., 2018).

In sprint running, the main factor in the acceleration of the center of gravity when running
is determined by the reaction force on the ground or commonly known as the Ground
Reaction Force (GRF) (Hunter et al., 2005). Sprint athletes are required to have the ability
to configure their bodies so that they can move effectively when sprinting at maximum
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speed. Therefore, the movement patterns of athletes are very important and have a
significant effect on increasing sprint speed (Gittoes & Wilson, 2010). Relevant previous
research revealed that there is a high correlation between athlete's joints and sprint
segment kinematics with GRF (Hunter et al., 2005; von Lieres und Wilkau et al., 2020).
Besides that, the lower leg has a role like a continuous chain as long as the running
movement is carried out, which means that the running movement is the coordination of
movements between the joints in the upper leg to the lower leg, which of course has a big
influence on movement performance. running athletes. Furthermore, Krell & Stefanyshyn
(2006)provide recommendations that plantar flexion of the ankle and proper extension of
the knee before takeoff from the running track surface will determine sprint velocity.

In simple terms, running speed is influenced by stride speed and stride length (Hunter et
al., 2004), runners who want to achieve optimal results and become reliable need to
program an increase in stride length and stride frequency (IAAF, 2009), because running
speed is generated by stride length and stride frequency (Walaszczyk & Iskra, 2006), and
this is referred to as the horizontal velocity resulting from the speed or stride frequency as
well as the stride length (Mosses, 2002). Horizontal speed is conceptually the product of
stride length and stride frequency. Thus, if one of them increases, it will also have an
impact on increasing sprint speed, provided that the other one does not decrease (Hunter
et al., 2004). Speaking of a direct relationship between stride length and stride frequency,
both have a negative influence on one another. This is proven if an athlete has a long
stride length then tends to have a low step frequency or vice versa (Hunter et al., 2004).

An athlete's maximum speed can only be achieved by using the correct ratio between
stride length and stride frequency (Rimmer & Sleivert, 2000), and significant changes in
stride length or frequency will cause a decrease in speed (Mattes et al., 2014). The stride
length and stride speed increase with an increase in running speed (Bailey et al., 2017),
these two aspects are often described as two factors that are interrelated and influence
each other in sprint running (Schubert et al., 2014). But until now it has not really been
conclusive about the role of stride length or stride frequency on sprint speed, whether it
makes the most important contribution or not.(Bezodis, 2012).Referring to the research
that has been done, that which has a more significant influence on sprint running speed is
stride length compared to stride frequency.

It is interesting that there is also a view through research findings that based on intra-
subjects, step frequency is a very important factor for the best performance for sprint
athletes (Hunter et al., 2004). Until several researchers have conducted research on which
factors have more impact on sprint speed, whether stride length or stride frequency. One
of them is Hay & Fung (1982) which reveals a model that divides stride length and stride
frequency into subcomponents distance, flight distance, stance time, and flight time,
which then identified the determination of the subcomponents (Hay & Fung, 1982).
Furthermore, Kakehata et al. (2021) explained that in order to achieve a high stride
frequency, smoother transitions and well-coordinated muscle activity between the legs are
required. Besides that, what needs more attention is the negative interaction between
stride length and stride frequency when coaches provide training programs to sprint
athletes to increase stride length, stride frequency, or even both (Hunter et al., 2004). This
is based on the fact that the factors that affect stride length or stride frequency do not
necessarily have an effect on running speed due to their negative interactions. Conversely,
there are several factors in increasing sprint speed that can be achieved by influencing
stride length and stride frequency. So, Novacheck (1998) provides recommendations that
increasing sprint speed can be associated with increasing maximum hip flexion, which
will result in a longer stride length. Therefore, the correlation between motion
coordination and sprint speed is also caused by stride frequency or stride length. In
analyzing some of these problems, a study conducted by Liew et al. (2021)shows that
using media analysis can identify candidate biomechanical factors. In addition, mediation
analysis can help determine the effect of stride length or stride frequency on the
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correlation between movement coordination and sprint speed.

Based on this, it can be interpreted that in all forms of running speed training, the key is
still related to stride length and stride frequency (Mercer & Chona, 2015), running speed
is largely determined by stride length and a number of steps per second (Meyers et al.,
2015), the maximum speed can only use the exact ratio between stride length and stride
frequency (Miller et al., 2012), trainers focus their training programs for sprinters on
increasing stride length and stride frequency (Cissik, 2005). However, there are still those
who think that training in strength and technique can affect stride length quite a lot
(Lockie et al., 2014), generally stride frequency and stride length has an inverse
relationship with a maximum effort which is equivalent to the strength of the runner's
limbs (Abdurrahman et al., 2022), whereas strength training had very little effect on stride
frequency (Van der Meijden, 2019), although there is a theory that stride length and
frequency can be increased (Hak et al., 2013). This means that the frequency training
factor can still be prioritized as the main part of the training menu. But to that extent is
there really any benefit in improving sprint performance and how much effect does it
have compared to stride length training? A very good question and at the same time
intrigues the author to see how far the results of this stride frequency exercise have on
sprint performance and to what extent stride length training can increase sprint speed.

Method

The method used is an experiment using a pretest — posttest group design, where each
group will be given a test at the beginning, then given a different treatment, and then
given another test at the end of the meeting (Jack R. Fraenkel et al., 2012), the following
is the research design:

Table 1. Research Design

Group Pretest Treatment Post test
A HI X1 HI
B HI X2 HI

Participants

The research subjects involved in this study were 60 students of the physical education,
health and recreation study program at STKIP Pasundan who were taken by simple
random sampling. In accordance with the research design, the subjects were divided into
two groups (A &; B) with the number of each group being 30 people. Group A is a group
that practices with step frequency. The trick is to pass through the target which is marked
with used bicycle tires that are already thin, or by using wooden slats, or by using used
cardboard. These used tires or wooden slats or cardboard are stored in a row at a
predetermined distance. Group B is a group that trains with long-step exercises. The trick
is to run as fast as possible or do a bounding stride past the target marked with old or slim
bicycle tires, or by using wooden or cardboard slats. Tires or wooden slats, or boxes are
stored in a row at a predetermined distance. The distance from one sign (old tire, wooden
plank or cardboard) to another was farther than the frequency training group.

Protocol

The research subjects did enough warm-up. Then all research subjects use a standing
stratum. Each subject has three opportunities to do a successful sprint, that is, the subject
does his job as needed. All data was successfully collected with their respective
maximum speeds. Between three times the opportunity to sprint in a row given a rest
period of 2 minutes.
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Procedure

In this study, the researcher divided the two procedures based on the two predetermined
groups of participants, as follows:

Step Frequency Exercise Procedure

Step frequency training, aims to improve the ability to perform running movements with
a high frequency of steps or fast step movements or exercises to increase the ability of
several steps per second. This means that the distance of the signs specified in gymnastics
must be able to make it easier for people who are trying to do running steps with a fast
rhythm or frequency. This means that the stride length must be shorter than the average
stride length during the 100 m sprint.

To increase the frequency of steps per second, the distance that the author determines
starts from the shortest distance, which is 10% of the average stride length, then gradually
increases the percentage to 20%, 30%. and 40%. The way to carry out activities in traffic
signs that are made/arranged with an arrangement of bicycle tires, wooden slats or
cardboard is to try to pass these signs with optimal step frequency, posture must be
straight and tall, knees raised to hip level and foot contact with the ground made with a
football.

From the results of the initial test it can be seen that the average number of steps in group
A (step frequency training group) for the 100 m run test was 54.89 steps, this means that
the average step length of group A was 100: 54.89 = 1.821 m.

Then the determination of stride length in both groups A (step frequency training group)
is as follows:

1) 10 % x 1.82 m = 0.182 m rounded up to 0.20 m
2) 20 % x 1.82 m = 0.364 m rounded up to 0.40 m
3) 30 % x 1.82 m = 0.546 m rounded up to 0.60 m
4) 40 % x 1.82 m = 0.728 m rounded up t0 0.70 m

The following is a picture regarding the implementation of maintenance using wooden
slats, used tires and cardboard:
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Step Length Exercise Procedure

Step length training aims to improve the ability to run with steps that are longer than the
average stride length that has been done before without losing too much stride frequency.
That is, the distance between the specified signs must make it easier for people trying to
be able to take several steps that are relatively longer than the average stride length when
running 100 m. The distance of the signs determined to train stride length in this study
started from 120% of the average stride length, then gradually increased to 130%, 140%
to 150%.

From the results of the initial 200 m running test, the average number of steps in group B
(the group that practiced stride length) was 54.72 steps. Thus, it means that the average
stride length of group B is 100: 54.72 = 1.827 m. Because carrying out the exercise
adheres to the principle of training, among other things, there must be an additional
training load, one of the efforts made by the author is to provide a longer training
distance, so that the distance that must be prepared is based on calculating the percentage
distance from the known average length.

By adding/extending or lengthening the stride, it means that the person is required to
expend greater energy in order to still be able to reach that mark or distance with the
correct technique. Determination of the stride length in group B (step length training
group) in the implementation of the study were:

a. 120 % x 1.82 m = 2.184 m rounded up to 2.20 m
b. 130 % x 1.82 m = 2.366 m rounded up to 2.40 m
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c. 140 % x 1.82 m = 2.548 m rounded up to 2.60 m
d. 150 % x 1.82 m = 2.73 m rounded up to 2.70 m

The following is a picture regarding the implementation of maintenance using wooden
slats, used tires and cardboard:

Data Analysis

The data analysis technique used the t-test statistical approach on the similarity of two
paired average scores, which aims to analyze the differences in the effect of each
treatment group on sprint speed in the initial test and the final test, with a level of
confidence.a/() 0.05 with degrees of freedom (dk) = n - 1. The data analysis step begins
with the normality test of the data obtained, namely the data on the increase in running in
the exercise group, the frequency of steps before and after being given exercise, as well as
data on the increase in running in the exercise group, stride length before and after being
given exercise. Then for each group data collected, an average comparison test is carried
out with the following formula:

t :i
S,/~/n

Then the next step in analyzing the research data is to test the differences in exercise
improvement between groups given stride frequency and stride length exercises.
However, beforehand, a variance test was carried out with the aim of determining which t
statistic to use. Testing the similarity of variance is carried out using the F-test, with the
following criteria for accepting the hypothesis:

Ho is accepted if F < F, or Hois rejected if F > F,

(V1,v3) a(vy,vz)

with the formula for calculating the variance test is:
1 &

Sf = m - (Xi 'X)Z

The conclusion is that if the calculated t value is less than or equal to the t table value,
then the difference in the effect of each group is meaningless, otherwise, if the t count is
greater than the t table, the difference in the effect of each group is significant. The
formula used is as follows:
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Information:

X = Average score

S=standard deviation ; n = Number of samples

Test criteria:

Accept Ho, if t count <t table, (dk) = n - 1 for other prices Ho is rejected.

Results

In this study, the presentation of research data was in the form of total scores, average
values and standard deviations of each group. The following is the data from group A's
test results, namely the group that was given step frequency exercises:

Table 2. Description of Group A Test Results

Test results Amount Average SD

Pretest 453,230 15.108 0.909
Posttest 426,560 14,219 0.813
Obtain -26,670 -0.889 0.143

From table 2 it can be seen that the average running speed calculated in the initial test was
15,108 while in the final test the average running speed increased by 0.889 to 14,219. To
see the significance of the increase in running speed, a comparison test was carried out on
the average between the initial test and the final test (gain) of group A's running speed.

B
S,/\n
-0,889
_0,143/430 _ 3, 139
he t-table value fordk =n—-1=30-1 =29 is 2.04.

Because t < -t-table (-34.130 < -2.04) Ho is rejected, it can be concluded that there is a
significant increase in running speed after step frequency training.

t=

To test the normality of the data on the increase in the running frequency of the exercise
group, the steps before and after being given the exercise are as follows:

Table 3. Results of the Normality Test for Group A's Running Speed Gain

Average -0.889
Standard deviation 0.143
I-count (Lo) 0.105
I-table (L) 0.162
Decision Normal

From table 3 shows that the Lo value is 0.105 while the L value at the 95% confidence
level is 0.162; because Lo < L (0.105 < 0.162) it can be said that the running speed gain
of group A has a normal distribution. Thus, parametric average comparison tests can be
carried out using the t-test.
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The following is a description of the test results in group B, namely the group that was
given the stride length exercise:

Table 4. Description of Group B Test Results

Test results Amount Average SD

Pretest 452,900 15,097 0.960
Posttest 409,720 13,657 0.771
Obtain -43,180 -1,439 0.269

From table 3 it can be seen that the average running speed calculated in the initial test was
15,907 while in the final test the average running speed increased by 1,439 to 13,657. To
see the significance of the increase in speed, an average comparison test was carried out
between the initial test and the final test (gain) of group B's running speed:

B
S,/\n
-1,439
_0,269//30 _ _5q 951
The t-table value fordk =n—-1=30-1=29 is 2.04.

Because t < -t-table (-29.281 < -2.04) then Ho is rejected, so it can be concluded that
there is a significant increase in running speed after stride length training.

t=

To test the normality of the data on the increase in running the stride length training group
before and after being given the exercise are as follows;

Table 5. Results of the Normality Test for Group B's Running Speed Gain

Average -1.439
Standard deviation 0.269
I-count (Lo) 0.118
I-table (L) 0.162
Decision Normal

From table 5 it can be seen that the Lo value is 0.120 while the L value at the 95%
confidence level is 0.162; because Lo < L (0.120 < 0.162) it can be said that the running
speed gain of group B has a normal distribution. Thus, parametric average comparison
tests can be carried out using the t-test.

Based on the results of the analysis shown in table 2 and table 3, it can be seen that the
increase in group A was 0.889 while in group B it was 1.439, meaning that the increase in
running speed in group B (step length training) was greater than in group A (step
frequency training). To see whether the difference in increase was significant, a
comparison test was performed on the average gains of the two groups. The hypothesis
tested is:

Ho: mA=mB
H1: mA<mB

Because the two data groups come from two different (independent) groups, the test is
carried out using an independent T-test. Calculation results can be presented as follows:
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t'= XaXg
2 2
Sa S8
nA nB

Based on the previous information, we get

= -0,889-(-1,439)
\/o,ozo | 0,072
30 30 =9.893

0,020

A

=0,001; wg= % =0,002

with ta=togrs) e9) =2,04; Lo975)(20) =2,04

wW,t,+wyt,  0,001%2,04+0,002*2,04
W,otWg 0,001+0,002 — 0.480

then obtained

Ho is accepted if —0.489 < t' < 0.489; because t' does not exist at -0.489 < t' < 0.489 then
it is rejected, or it can be concluded that the difference in increasing running speed
between group A and group B is different, where step training (group B) has a better
effect than step frequency training (group A) on an increase in sprint speed. This is shown
by the results of the different test of the increase in the average step frequency training
group with the average increase in the stride length training group, namely the increase in
the average speed of group A by 0.889, and the increase in the average speed of group B
by 1.439. After testing the average increase in the two groups, a t-count of 9.893 was
obtained. The hypothesis proposed is that Ho is accepted if —0.489 <t'<0.489. Because t'
(9.893) does not exist at —0.489 <t'<0.489 then ho is rejected, or it can be concluded that
the difference in increasing running speed between group A and group B is different,
where stride length training (group B) has a better effect than on step frequency exercise
(group A) on increasing sprint speed.

Discussion

Based on testing and data analysis conducted by researchers, it was found that the two
forms of exercise, namely step frequency exercise and stride length exercise, were given
to students of the physical education, health, and recreation study program at STKIP
Pasundan for six weeks with a frequency of exercise. three times a week has a significant
effect on increasing sprint speed. Exercises that are carried out as much as eight to sixteen
weeks and done three times a week will have an impact on physical improvement (Fox,
2003)Anaerobic and aerobic exercise will basically have an impact after doing
appropriate exercise for 12-16 weeks (D'hooge et al., 2011), a good exercise is done at
least 3 times a week with no more than 2x24 hours of rest (Soylu et al., 2021). This shows
that the training program provided refers to the principles of training that have been able
to show good results, including the principles of overload, individualism, and
specialization (Kraemer & Ratamess, 2004). Other sources mention several training
principles, namely the principle of increasing training load, the principle of recovery,
setting the intensity and volume of training, and presenting a variety of exercises (Bompa
& Buzzichelli, 2019).

Step frequency and stride length exercises are performed to increase running speed,
which is a type of lactic anaerobic exercise. This activity is carried out explosively and
takes no more than 10 seconds (Boullosa et al., 2022), Anaerobic exercise is short-lived
and provides most of the energy when a person is performing an instant, high-intensity
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activity such as a 10-second sprint (Millioni et al., 2017). The exercises in this study were
also successful by paying attention to the number of repetitions and rest intervals, where
according to anaerobic exercise the energy in the muscles will return to normal after
about 2-3 minutes of rest (Beyer et al., 2020), and rest intervals between sets can be done
in a span of 8-10 minutes (Manchado-Gobatto et al., 2020). Significant results also occur
due to increased reaction speed and acceleration of the runner, because the treatment
subjects are given stride length and step frequency exercises which in this case will
indirectly increase leg strength and speed (limb power), where power comes from
strength and speed (Karomatovich &; Todzhiddinovich, 2022). Running speed can also be
influenced by several things such as strength and power, reaction speed, acceleration,
maximum speed, endurance, flexibility, and coordination (Garcia-Pinillos et al., 2017
McCall et al., 2020; Nagahara et al., 2018). Besides that, another factor that can increase
running speed is when the sprint athlete swings on the ankle pattern which can help to get
a faster speed because the swinging phase factor can contribute to the transition of the
athlete's movement when stepping on a sprint.

Exercises that increase stride frequency can also significantly increase leg strength
(Swinnen et al., 2021), so indirectly the strength of the limbs also contributes to the
increase in running speed (Prieske et al., 2018). This study also proves that stride length
training can affect the increase in the average step frequency (rhythm) (Zrenner et al.,
2018). However, based on the results of this study, the stride length exercise has a greater
effect than the step frequency exercise. This is due to the characteristic of the stride which
is longer than the average stride (longer than normal stride), as well as the characteristic
of the stride in the form of plyometrics exercises with Speed bounding or alternate
bounding (Zisi et al., 2023), and this tends to require greater strength readiness to
withstand the load that the leg muscles receive. Exercises that require more energy will
require more energy which it is carried out by the body's muscles to receive it (Elnagar,
2022).

The training load received by the leg muscles in the stride length group was heavier than
the load received by the leg muscles in the stride frequency group (Tuttle, 2018), so the
leg muscles in the stride training group have to expend more strength to overcome the
training load (Diez et al., 2018). Because the stride length training group the increase in
leg strength and the increase in average stride length will be better than the increase in the
same aspect in stride frequency training (Quinn et al., 2021). However, in stride length
training, the length of the activated muscle and the force exerted during maximal
voluntary eccentric contraction are conceptually different from the resulting eccentric
action. Benefits of shorter strides include improved balance and posture (step frequency
exercises); however, the impact frequency and eccentric braking are increased. Longer
stride length can increase speed, but the eccentric strain on the knee extensors will be
greater, because the force of gravity causes an increase in body acceleration (Eston et al.,
2000).

The findings of this study indicate that stride-length exercises are more effective and have
a greater impact than stride-frequency exercises. This is in line with the results of the
study Wang et al. (2023), which reveals that the stride length factor is more effective in
achieving sprint speed, which in this case has a correlation between hip angle during the
stride phase and sprint speed. This means that the greater the hip angle, the longer the
stride so that the impact on running speed increases. Also note that maximum hip flexion
can result in a longer stride in the sprint, which occurs in the mid-swing to the starting
point, and also that maximum hip extension occurs during takeoff (Novacheck, 1998).
Messier et al. (1986) revealed that the level of energy use or strength felt by sprint
runners would be greater when the stride length was increased by about 7% or 14% over
the chosen stride length or reduced by 14%. The results of his research show that
Messier's research subjects in terms of metabolic needs have increased as a result of
overstriding and understriding, therefore the level of actual and felt energy use by sprint



Akhmad Sobarna et al. 1132

runners has also increased. However, this is different from the findings of Duverney-
Guichard & Van Hoecke (1994) which revealed that the volume of oxygen and the
frequency of steps can increase the optimal speed for the subject by 10%. Referring to the
opposite correlation between stride frequency and stride length, the subjects in Duverney-
Guichard & Van Hoecke’s study. It is more economical to use a longer stride length
compared to running using a stride frequency.

Based on the findings in this study, it is clear that stride length mediates the correlation
between hip coordination and produces sprint speed that is higher than stride frequency.
Even though the actual step frequency also has an increasing impact on sprint speed. On
the other hand, it turns out that the important role of hip flexion can also have an impact
on achieving faster stride frequency (Dorn et al., 2012). Whereas other studies show that
faster sprint speed and step frequency can be achieved through the coordinated role of the
rectus femoris and biceps femoris muscles in both athletes’ legs (Kakehata et al., 2021).
From the two studies, it can be seen that the findings are not in line with the research we
conducted because referring to the findings of the research revealed that there is a
positive effect of hip movement and coordination on step frequency.

It can be explained that the fact that we found from the results of this study there is no
significant correlation between stride frequency and sprint speed, so that can be observed
in the complete results of the analysis of the effects of stride length and stride frequency
training. As already stated, the current consensus has not been reached in terms of which
factors are more important in contributing to sprint speed (Bezodis, 2012). A significant
correlation exists between sprint speed and stride length or stride frequency depending on
the study design determined by the researcher. A significant correlation between sprint
speed and stride length or stride frequency was found when subjects were in groups, with
records by subject. Dominant athletes make their fastest attempts with a higher stride
frequency (Hunter et al., 2004). Although this study did not aim to examine the
correlation between stride length, stride frequency, and sprint speed, this is due to the
possibility that it is related to the lack of a mediating effect of stride frequency found in
this study (Wang et al., 2023). This difference is due to the participants' motor skills not
being as good as Olympic athletes who have a sprint time of 10.90 seconds, because in
this study researchers used student participants whose abilities were heterogeneous with
one another.

In conducting this research until the data findings were produced there were several
research limitations, due to the limitations of the situation and conditions. First, we used
sports student participants who have different sports backgrounds, so it is not yet known
if this research is applied to sprint athletes who have higher skills. Second, this research is
a study that has an inconsistent correlation between stride length or stride frequency and
sprint speed by increasing the complexity of the mediation analysis. Therefore, future
studies are expected to determine the true mediating effect of stride length and stride
frequency exercises on the relationship between sprint speed or other aspects of ability
such as movement coordination patterns of sprint athletes.

Conclusion

In general, this research has achieved the goal, where the form of stride frequency
training (group A) and stride length training (group B) both can increase sprint speed.
However, the results of the study concluded that stride length training has a greater effect
on sprint performance compared to frequency training. Another finding obtained from
this study is that by doing long stride exercises, the subject's leg strength and power also
increase, this is evidenced by the theory explained in the discussion section.
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Recommendations

Suggestions that can be submitted by researchers on this occasion because stride length
training has a greater influence on increasing sprint running speed compared to stride
frequency exercises, it is to the coach especially that in preparing the sprint training
program to increase the portion of stride length training, however, do not eliminate the
frequency of the training program. Then also for researchers who want to research this
matter, it is necessary to pay attention to be more thorough and with a more specific
population and sample and sufficient time to get more meaningful results.

Notes

This research is independent research conducted by the researcher in the Physical
Education Study Program at STKIP Pasundan Cimahi.
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