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ABSTRACT

Purpose. Effective control of swimming speed can increase training effectiveness and therefore enhance training adapta-
tions. The aim of the present study was to investigate the effects of concurrent visual feedback on swimming speed at an
exercise intensity above the onset of blood lactate accumulation (OBLA).

Methods. The study involved 12 healthy male and female swim team members. The participants executed two 200-m free-
style trials within an individually predetermined swim time matching an exercise intensity above OBLA (exercise zone 4).
In one trial, no additional information was provided, whereas concurrent visual feedback was given on swimming speed
in the other.

Results. Concurrent visual feedback narrowed the discrepancy between the predetermined and obtained swimming times
(p < 0.001). This improvement in swimming time (accuracy) showed a negative correlation with the increase in post-trial
lactate concentration. The correlation between the difference in the predetermined and obtained times and the increase in
lactate was R = -0.46 when no visual feedback was provided but R = -0.64 with visual feedback, with the latter result statis-
tically significant (p = 0.024).

Conclusions. Concurrent visual feedback allows swimmers to consistently maintain a predetermined swimming speed
and therefore keep the specified exercise intensity as evidenced by the increase in lactate concentration. This can result in
more effective execution of training goals and thereby enhance training outcomes.
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Introduction

The goal of training is to enhance physiological func-
tion and improve skills needed to achieve success. This
is achieved by executing specific tasks of increasing
intensity. Training in each intensity/zone is used to
improve performance and/or swimming technique at
higher intensities. These differences in exercise inten-
sity are commonly categorized into 5 training zones [1].
The first and second zones are characterized as aero-
bic exercise, which in the swimming context involves
swimming at speeds beneath the anaerobic threshold.
Swimming at this intensity stimulates muscle repair
and regeneration and improves aerobic capacity. Aero-
bic capacity is of critical importance as it allows athletes
to perform a larger volume of exercise repetitions at

greater work intensity (e.g. during interval training) [2].
The third training zone (aerobic/anaerobic) is performed
at an intensity between the anaerobic threshold and
the athlete’s maximum oxygen uptake (VO,max). Train-
ing at this intensity can improve both the aerobic and
anaerobic metabolic systems. The fourth zone involves
swimming at VO,max, whereas the fifth zone is above
the VO,max threshold and is treated as anaerobic exer-
cise. The last 2 zones are sustained by the anaerobic
system and produce significant concentrations of blood
lactate, in which the threshold is termed as the onset
of blood lactate accumulation (OBLA). It is worth not-
ing that training above the OBLA initiates muscle tissue
changes, leading to an improvement in aerobic metabo-
lism, as lactate accumulation is associated with an in-
crease in the concentration of adenosine monophosphate
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(AMP) in myocytes. The increased concentration of AMP
activates complex changes in the AMP-dependent ki-
nase enzymes, including an increase in the oxidative
resynthesis pathway of adenosine triphosphate (ATP)
[3]. Hence, exercise performed at an intensity above
the OBLA is of significant importance as it can con-
siderably improve the fitness level. Incorrectly deter-
mined swimming intensity, for instance intensity above
the OBLA, can result in under- or overtraining. Recur-
rent training performed at an incorrect intensity can also
create inadequate movement habits [4]. This can lead
to poor development of aerobic capacity, negatively af-
fecting the efficiency of anaerobic processes and per-
formance of high-intensity exercise [5].

Swimming speed is a primary indicator of exercise
intensity [6]. It is possible to improve physiological adap-
tation to training by controlling the swimming speed.
For example, swimming at speeds in the training
zones below or above the anaerobic threshold can be
used for lactate tolerance training [7]. In order to verify
the absolute intensity of swimming, a coach can meas-
ure the time and distance to calculate the swimming
speed. However, a more difficult task is to determine
the relative intensity of swimming, which is a meas-
ure that depends more on the swimmer’s current fit-
ness level. An important role of a coach is to provide
athletes with information on the duration and/or proper
swimming speed or intensity of an exercise task [8, 9].
This is typically performed via verbal communication.
However, environmental conditions may distort the ex-
change of information. In swimming, the use of swim
caps is widespread and the athlete’s head is frequently
submerged beneath the water. Various methods have
been introduced to provide feedback, from communi-
cating via wireless headphones [10] to the use of a timer
submerged at the bottom of the pool [11, 12]. Never-
theless, none of these methods can convey real-time
information on the proper swimming speed. Therefore,
developing a method that can improve swimming speed
control can optimize training and therefore perfor-
mance, particularly among young or inexperienced
swimmers who are unable to maintain the correct swim-
ming speed or intensity. One of such methods is pro-
viding external feedback about the duration and/or
swimming speed or intensity of an exercise.

The swimmer responds to information such as feed-
back from exteroreceptors and proprioreceptors. Dur-
ing swimming, external feedback is transmitted in 3
forms: words, images, and practical actions. Concur-
rent visual feedback was deemed by many research-
ers and trainers as an important part of training, in-
cluding a method that allows for effective acquisition
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and improvement of skill or error prevention [13]. The
feedback was divided into 2 types: intrinsic (integral)
and extrinsic. Intrinsic feedback is the sensory informa-
tion arising as a result of physical activity by means of
sensory mechanisms (exteroreceptors and propriore-
ceptors). Extrinsic feedback (augmented feedback) is
formed after the completion of a motor activity and is
transmitted by a third party [14]. The functions of ex-
trinsic feedback consist in filling in information gaps,
motivating, and reinforcing [15]. There are several types
of feedback, categorized in accordance with the time
of its transmission: concurrent feedback (provided
during a motor task, concerning continuous informa-
tion), immediate feedback (provided during a motor
task, concerning discrete information), and delayed
feedback (transmitted after the completion of a motor
action) [14]. Owing to the existence of factors disrupt-
ing feedback in a swimming environment (noise, head
submerged in the water, swimming caps, etc.), visual
feedback provided in real time could prove to be a very
powerful method. One such device is the Lider optical
fibre (Kuca Ltd., Poland), giving augmented feedback
to the swimmer. The aim of the present study was to
investigate the effects of concurrent visual feedback
on swimming speed during exercise performed at an
intensity above OBLA.

Material and methods
Participants

The study involved 12 healthy male and female swim
team members (age, 17.7 = 3.4 years; body height,
180.8 £ 9.6 cm; body mass, 68.8 = 10.8 kg; training
experience, 7.4 + 1.7 years; personal best in 200-m
freestyle, 136.44 + 14.7 s). All participants were in-
formed about the nature and circumstances of the
study.

Procedure

The experiment proper consisted of two 200-m free-
style swimming trials performed in a standard 25-m
swimming pool at a speed corresponding to training
zone 4, as this zone primarily involves anaerobic ex-
ercise [1]. An individual swim time for each partici-
pant was determined by using personal bests in the
200-m freestyle from the current season. The Pansold
Test fiir Schwimmer (Mesics GmbH, Germany) soft-
ware was used to determine whether the relative ex-
ercise intensity was similar among the participants.
The Pansold software automatically calculates the per-
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Figure 1. The Lider device (controller with arterial tube with light-emitting diodes) before installation
at the bottom of the swimming pool

sonal best, and, as a result, defines times of swimming
for 5 zones: (1) recovery zone, (2) oxygen zone, (3) aero-
bic/anaerobic zone, (4) VO,max zone, (5) anaerobic zone.
Each trial was preceded by a warm-up, in which the
200-m freestyle was swum at a speed corresponding
to intensity zone 1 (low intensity exercise below the
anaerobic threshold) [1]. A cool-down followed in or-
der for the heart rate to decrease to resting values. In
both trials, a water start was employed. Each partici-
pant was to swim the 200-m distance as closely as
possible to their predetermined time. In the first trial,
the subjects swam without any information provided
on the swimming speed. In the second trial, real-time
visual feedback was provided with the use of the device
outlined below. The trials were separated by a 24-h
interval and performed at the same time of day. The
swimmers were asked to maintain a normal diet, re-
frain from alcohol and caffeine, and avoid any stren-
uous physical activity during the study period [16].

Swimming speed control

Visual feedback was provided with the use of a Lider
device (Kuca Ltd., Poland) (Figure 1) mounted at the
bottom of the pool. The device includes transparent
tubes that house sequential light-emitting diodes. In
this way, a beam of light is scrolled across the bottom
of the pool at the speed calculated for each test partici-
pant. All of the subjects had previously trained with
the Lider at least once.

Measurements

Blood lactate concentration was measured 3 times:
before the warm-up (baseline), 3 min after the warm-up
(pre-trial), and 3 min after completing the trial (post-
trial), when the lactate concentration had a maximum

value [17]. Lactate assays were treated as a measure
of the relative intensity of the applied exercise. They
were not repeated because post-exercise restitution was
not investigated. The concentration of lactate was de-
termined via an enzymatic method (Hydrex, Italy) in
which 20 ml of blood was collected from the partici-
pant’s fingertip and immediately diluted in a cold iso-
tonic solution containing NaF and NaCl. Heart rate
was also recorded immediately before and after each
trial with a heart rate monitor (Polar Electro, Finland).
The swim time was measured electronically with the
Colorado Time System (Colorado Time Systems, USA)
with an accuracy of 0.01 s.

Statistical analyses

Data were processed with the Statistica 9.0 soft-
ware package (StatSoft, USA). In the first analysis, Stu-
dent’s t-test was used to determine the statistically
significant differences between the analysed variables
(predetermined and obtained swim time, pre- and post-
trial lactate concentration, and pre- and post-trial heart
rate) in both trials (with and without visual feedback).
Using the t-test is a proper way to establish differences
between 2 groups [16]. Pearson’s correlation coefficients
were then calculated, with the changes in lactate and
heart rate analysed in relation to the difference in the
predetermined and obtained swim times. The results
were presented as means and standard deviations.

Ethical approval

The research related to human use has been com-
plied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by
the authors’ institutional ethics committee.
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Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

The results for time, swimming speed, lactate con-
centration, and heart rate for both conditions (with
and without feedback) are presented in Table 1. The
differences between the predetermined and obtained
swim times (At) were smaller when concurrent visu-
al feedback was provided. When expressed as abso-
lute terms (the measure of inaccuracy), the obtained
time in relation to the predetermined time significantly
(p < 0.001) decreased from ¥ = 3.33 £ 1.92sto X =
0.25 £ 0.62 s. For lactate concentration and heart rate,
no statistically significant changes were observed.

The observed improvement in swimming time accu-
racy (as the reduction in the difference between the pre-

determined and obtained swimming times) showed
a negative correlation with the increase in lactate con-
centration. The correlation between swimming accu-
racy (time difference) and the increase in lactate was
r = -0.46 for the trial without visual feedback and r =
-0.64 in the test with visual feedback (Figure 2), albeit
only the correlation in the visual feedback condition
was statistically significant (p = 0.024).

Discussion

The main goal of a swim coach and swimmer dur-
ing a training cycle is to attain a specific outcome with-
in a specific time frame. Appropriate workloads, partic-
ularly in the form of training intensity, are an important
factor in not only enhancing physiological function but
also mastering a specific technique at a given swim-
ming speed. One rational method to determine training
intensity is by adopting an empirical classification sys-
tem, such as the use of training zones, as in the present

BT —— study [1]. Among various solutions, the covered time
o' OWith feedback [ needed to transgress a given distance or heart rate,
= and post-training blood lactate concentrations offer a
2 relatively simple way to evaluate the absolute and rel-
% ative intensity [5]. For this reason, these temporal and
5 physiological measures have been adopted in the real
- world setting [18]. Nonetheless, these methods do pos-
8 2 sess a common fault in that such information regarding
° intensity is frequently delivered only at the end of ex-
6 4 5 e o 5 4 & 8 ercise. In the swimming context, the lack of concurrent
swimming time accuracy [s] feedback therefore reduces training effectiveness by
Figure 2. The relationship between swimming time not allowing necesse'lry adjustments to t,he S‘wimming
accuracy and the increase in lactate concentration speed. While real-time heart rate monitoring is now
(with and without visual feedback) possible via wireless communication, it is worth not-
Table 1. Pre- and post-trial measures with and without visual feedback
No feedback Feedback p
Variables
X SD x SD
Predetermined time (s) 144.25 11.77 144.25 11.77
Obtained time (s) 147.15 10.51 145.00 11.26
At (s) relative value 1.33 3.43 -0.08 0.62 0.21
At (s) absolute value 3.33 1.92 0.25 0.62 0.00007*
Speed (m/s) 1.37 0.11 1.39 0.12 0.09
Pre-La (mmol/]) 2.69 1.30 2.69 1.30
Post-La (mmol/1) 7.80 1.84 7.47 2.14
ALa (mmol/1) 5.10 1.11 5.61 2.03 0.19
Pre-HR (bpm) 84.50 17.80 74.30 27.30
Post-HR (bpm) 167.00 22.00 171.00 24.10
AHR (bpm) 82.50 20.30 90.50 28.50 0.33

La - lactate concentration, HR - heart rate
* statistically significant difference (p < 0.01)
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ing that the aquatic environment often impairs proper
operation. Furthermore, heart rate is determined not
only by exercise intensity but also by other factors, such
as emotional state, which may confound results. Again,
while lactate concentrations provide a more objective
assessment of training intensity, such information is
available only upon exercise completion.

As analysed in the present study, one method that
can effectively deliver information on exercise inten-
sity in a swimming context is visual feedback. This
form of feedback is considered very efficient particu-
larly in difficult environmental conditions [19]. As a way
of controlling mechanical performance, visual feed-
back can deliver real-time continuous information
during movement execution [14]. Besides controlling
intensity, this form of feedback is also useful in the
prevention and correction of movement errors [15].
The primary objective of this study was to investigate
the effects of concurrent visual feedback on swim-
ming speed during exercise performed at an inten-
sity above OBLA.

Interestingly, the trial involving the concurrent vis-
ual feedback condition showed a significant improve-
ment in swimming accuracy (p < 0.001), suggesting
not only maintenance of proper exercise intensity but
also more precise movement execution. It is proba-
ble, too, that some of the participants were not able to
perform at the specified intensity until visual feedback
was introduced. These results correspond with those
obtained by Gonzalez et al. [11], who presented a new
electronic system for the control of swimming speed.
The authors presented a prototype system for the con-
trol of swimmers, especially when precise speed is re-
quired for specific measurement tests. The electronic
system was based on a series of high luminosity light-
emitting diodes, spaced 1 m apart, put inside a plastic
pipe placed at the bottom of the pool. In this study, vis-
ual feedback was provided by a Lider device (Kuca Ltd.,
Poland) mounted at the bottom of the pool. However,
sequential light-emitting diodes were placed every 1 cm
along the pool (25 m), as opposed to every 1 m. As a re-
sult, the swimmer received continuous visual infor-
mation. Also, Pérez et al. [12] maintained that a swim-
mer’s pace control was affected by the type of feedback
provided, the swim speed elected, and the size of the
swimming pool. Swim time depends on feedback re-
garding such factors as chronometer, coach, or no feed-
back. However, significant differences were observed
only between the group of coach-chronometer feed-
back and no feedback condition (p < 0.01), while the
interaction between the swimmer and feedback condi-
tion was not significant (p > 0.05). In both citied studies,

the swimmers received information about time/speed
that supported their performance.

An additional issue of this study was the swim-
mer’s physiological response to the exercise in inten-
sity above the OBLA. This difference in intensity was
confirmed by a greater difference in the pre- and post-
trial lactate concentration in the visual feedback con-
dition (5.61 mmol/l) than when no visual feedback was
provided (5.10 mmol/I). Nevertheless, there was no
statistically significant difference (p = 0.19), though
with tendency to significance while the number of sub-
jects increased. Furthermore, improved swimming
accuracy showed a negative correlation with the in-
crease in post-trial lactate concentration. The corre-
lation coefficient between the difference in the prede-
termined and obtained times and the increase in lactate
was R = -0.46 when no visual feedback was provided
but R = -0.64 with visual feedback, with the latter
result statistically significant (p = 0.024). With regard
to heart monitoring, mean AHR equalled 82.50 bpm
in the group without feedback and 90.50 bpm in the
group with feedback. The difference was not statisti-
cally significant (p = 0.33). Similarly, no statistically
significant differences (p = 0.09) were found in attained
speed: 1.37 m/s for the group without feedback, 1.39 m/s
for the group with feedback.

These results show that concurrent visual feedback
allows swimmers to consistently maintain a proper
time of the task (significantly smaller differences be-
tween the predetermined and obtained swim times,
At absolute value p = 0.00007). As a result, exercise
intensity turned out higher, which was estimated by
lactate concentration (greater difference in lactate
concentration, ALa p = 0.19, though not statistically
significant). Despite no statistically significant dif-
ference in lactate concentration, time accuracy was neg-
atively correlated with the increase of lactate concen-
tration (R = -0.64, statistically significant, p = 0.024).
That means that a subject swam with more accuracy
with an increase of lactate concentration which was
statistically significant (p = 0.024). This enabled the
performance of the exercise at a proper intensity above
OBLA, which was the aim of the task. The main find-
ings of the study were to provide a proof of the concept
that real-time information (concurrent visual feed-
back) on proper duration/swimming can help effective
execution of training goals (performance of exercise
with proper intensity).

The obtained results regarding the beneficial effects
of swimming pace control on lactate concentration
are convergent with a study by Turner et al. [20], who
used an audio system to control the swimming speed.
They applied an audio-pacing device that was pro-
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grammed to provide a sound signal not only at the end
of the 200-m split but also at the end of each 25-m
pool length, thus accurately regulating swimming
velocity. The audio-paced system increased achieve-
ment among young competitive swimmers, especial-
ly when lactate was accumulated in excess.

Fatigue causes deterioration in the movement quality
control [21]. In the presented study, lactate concen-
trations of 7 mmol/l and above suggested that the
adopted swimming intensity was maintained in zone 4
(above the OBLA) and most likely above the anaero-
bic threshold.

An application value of the present study is that vis-
ual feedback helps maintain proper speed, which pro-
vides a suitable training stimulus by preserving exercise
intensity and improving performance. Maintaining
exercise intensity was evaluated by lactate concen-
tration. The method can allow swimmers not only to
meet training goals but also to augment training on the
basis of their own individual needs [22]. It is worth to
note that although Lider is a technical device, it can
be used in swim training without restricting the swim-
mers’ movements, which could potentially affect their
achievement. Additionally, it is possible to run many
beams of light on one lane. This allows several athletes
to swim in one lane during one task. They can swim one
after another with the same time setting. This results
in one lane being used by swimmers of a similar ability
level. Often, this is not a problem because the coach
can appropriately divide the group. Nevertheless, the
device providing concurrent visual feedback can be
used at different levels of swimmers’ age to improve their
performance and support training aims achievement.

The results of the project should be interpreted with
caution owing to its limitations. Split times during the
200-m trials were not presented. In order to evaluate
the control of swimming intensity on a 200-m bout,
it would be essential to provide data about interme-
diate times for each 50 or 100 m. Future studies should
thus include split time data. However, each subject was
to swim the 200-m distance as closely as possible to
their predetermined time, and after each trial all par-
ticipants reached a lactate concentration of more than
7 mmol/l, which indicated effort above OBLA. As for
the limitations of the visual information system, the
device does not control changes in swimming velocity
due to the push of the wall during the start and turns,
which clearly modifies swimming velocity control.

Conclusions

Concurrent visual feedback allows swimmers to
consistently maintain a predetermined swimming
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speed (swimming accuracy) and therefore preserve the
specified exercise intensity as evidenced by the increase
in lactate concentrations. This can result in a more
effective execution of training goals and thereby en-
hance training outcomes.
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