SOCIETY. INTEGRATION. EDUCATION
Proceedings of the International Scientific Conference. Volume VII, May 22" -23™ 2020. 84-94

DEVELOPING AND MEASURING ATTENTION IN
BOXERS: MIXED COACHES’ EXPERTISE AND
REACTION TIME MEASURES

Aleksandrs Kolesovs
University of Latvia, Latvia

Deniss Salkovs
Boxing Club “Latvijas Cimdi”, Latvia

Aleksejs Blinovs
Freelance, Latvia

Abstract. This study explored the problem of attention and its development in young boxers. A
rapidly changing situation and a high level of traumatization in boxing are demanding the
development of athletes’ attention. Focusing on technical or motivational training is among the
reasons for underestimating the development of attentional skills. Study 1 involved seven expert
coaches (males, mean age 45.4, mean working experience 20.3 years). The results revealed a
relatively high assessment of the psychological component of training and a low agreement on
the development of attentional skills. Coaches indicated that testing is the best measurement of
attention. Study 2 focused on the measurement of reaction time (RT) in young boxers. Simple
and complex RT of nine athletes, aged 12 to 15 (33% females), were assessed before and after
the 15 minutes long warm-up. The results demonstrated no significant change in boxers' simple
RT and a decrease (about 30 ms) in complex RT after the warm-up. The feedback was provided
for athletes and their coaches. A contrast appeared between coaches’ view of well-known
exercises for developing attention and their question “Could you suggest some exercise?”
Simultaneously, coaches suggested a more specific RT measurement, including the full time of
a punch.
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Introduction

Boxing is among sports requiring athletes’ attention during their adaptation
to rapidly changing situations (Wang, 2016). A loss of focused attention could
result in brain injury with cumulative negative effects (Maroon, Winkelman, Bost,
Amos, Mathyssek, & Miele, 2015; McKee et al., 2013; Rabadi & Jordan, 2001).
Traumatization of young athletes (e.g., Moser, Schatz, & Jordan, 2005) raised
recommendations to participate in alternative sports or to oppose boxing as a sport
for any child or adolescent (Purcell & LeBlanc, 2012). It indicates that the
development of attentional skills in boxers seems a crucial task for more effective
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and healthy functioning. Simultaneously, coaches’ focusing on technical (Wang,
2016) or motivational (Nazarenko & Kolesnik, 2017) training could be a reason
for the underestimation of the development of attention. The current study aimed
at revealing experienced boxing coaches’ views of attention among athletes’
characteristics, possible ways of its development, and providing them feedback,
based on a measure of athletes’ reaction time (RT).

Study 1

The high complexity of boxing as an open-skill sport (Wang, 2016) demands
activation of any attentional sub-process: attentional orienting and selective,
divided, and sustained attention (Coull, 1998). They direct athletes’ attention,
focus it on a particular target, distribute cognitive resources between targets, and
maintain attentional functioning, respectively (for a review, Memmert, 2009).

Training of attention challenges coaches and athletes in various sports
(Wang, 2016). Differences between levels of physical fit and athletes’ expertise
in some aspects of attentional and perceptual functioning (e.g., Nougier, Ripoll,
& Stein, 1989; Reigal, Barrero, Martin, Morales-Sanchez, de Mier, & Hernandez-
Mendo, 2019; Vaeyens, Lenoir, Williams, Mazyn, & Philippaerts, 2007) are in
line with revealed effects of attention training by different methods (Tang &
Posner, 2009). Tang and Posner (2009) suggested a combination of effortful
attention training, aimed at the executive attentional network (e.g., Posner,
Sheese, Odludas, & Tang, 2006), and attention state training focused at a balanced
body-mind state. Simultaneously, a limited transfer of trained cognitive skills and
diminishing skills without practice lead to the conclusion that individuals improve
predominantly on what they practice (Diamond & Ling, 2016).

Coaches’ views of training became the focus of the first step of the study.
We have selected the method of the expert interview (e.g., Bogner & Menz, 2009)
as appropriate for a more detailed exploration of views on the development of
attentional skills. It was expected that the results could reveal the level of
agreement on some key points in the practice, weak points in the development of
athletes’ attention, and possible solutions.

Method

Participants. Experts were selected in accordance with the following
criteria: no less than 10 years of coaching experience, involvement in coaching
young (12-15 years old) and adult boxers, higher education, and high achievement
of athletes (e.g., champions of Latvia). After applying these criteria, coaches were
invited to an interview. Coach’s disagreement to participate was an exclusion
criterion. As a result, seven coaches were included in the expert panel. Their age
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was 31 to 58 (M =45.4, SD =10.2 years). Coaches’ working experience was from
10 to 35 years (M = 20.3, SD = 9.2 years). All the coaches were males.

Materials. The systematizing expert interview (Bogner & Menz, 2009) was
developed for the study. The interview was planned during the preparatory phase,
including a discussion of a boxing coach and a psychologist on the topic under
investigation. During this phase, questions regarding attention and its training
were formulated.

The semi-structured interview included three structured questions and two
open questions. The question regarding psychological, technical, physical, and
tactical training required ranking these elements from the first to the fourth place.
Coaches also assessed the significance of attention, memory, goal-orientation,
discipline, courage, fighting spirit, willpower, and persistence in boxing by a
seven-point scale from 1 (not important) to 7 (very important). In addition, they
ranked 13 exercises (e.g., throwing the tennis ball to a partner, repeating partner’s
movements, reacting to a signal, playing table tennis) and aspects of practice (e.g.,
sparring, boxing competitions). Open questions were: “How can you assess
athletes’ attention?” and “Could you suggest any additional exercise for the
development of attentional skills?” There was also an opportunity to add any
comment at the end of the interview.

Procedure. Data were collected via personal interviews. The interviewer
was a co-expert in the field. It ensured symmetrical interaction during the
interview.

Results

Coaches’ ranked the technical aspect of practice as the most significant for
young athletes (mean rank was 1.86). It was followed by physical (2.14) and
psychological (2.29) training. The last aspect was tactical training (3.71).
Simultaneously, the psychological aspect was assessed as the most important by
two coaches and as the second by three coaches. It indicated the relative
significance of this aspect and a low level of agreement among coaches. Assessed
by Kendall’s W, the general level of agreement on aspects of practice was .41,
p =.034.

Table 1 demonstrates the relative significance of attention among other
athlete’s characteristics. Different aspects of motivation and self-regulation were
assessed higher than cognitive (attention and memory) aspects.
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Table 1 Assessment of the significance of athletes’ characteristics by coaches (N = 7)

Characteristic Rank M SD
Fighting Spirit 1 6.86 0.34
Discipline 2 6.57 1.13
Goal-Orientation 3-4 6.29 0.76
Willpower 3-4 6.29 1.13
Courage 5 6.00 0.58
Persistence 6 5.86 0.90
Attention 7-8 5.14 0.90
Memory 7-8 5.14 1.46
Autonomy 9 4.86 1.35

Ranking of exercises for the development of attentional skills (Table 2)
demonstrated that coaches emphasize the importance of warm-up exercises and
exercises in pairs, while the elements of practice (sparring and competition) are
ranked low. The level of coaches’ agreement was also relatively low, Kendall’s
W = .35, p<.001.

Table 2 Ranking of exercises and elements of boxing practice by coaches (N = 7)

Exercises and boxing practice Mean Rank
Reaction to coach’s signal during the warm-up 3.00
Mirror training (“School”) 3.57
Repeating partner’s movements 4.43
Throwing two tennis balls in pairs 5.79
Throwing the tennis ball against the wall 6.43
Technical exercises in pairs 6.86
Reacting to light signals 6.93
Performing the Schulte Table Test 7.71
Table tennis 7.79
Performing the Stroop Test 8.36
Sparring 9.00
Chess play 10.21
Boxing competition 10.93

The results of a qualitative content analysis revealed three main categories
in coaches’ views on the assessment of athletes’ attention: testing (“tests” — 4
times; “special apparatus”), repeating and recognition (“repeat an exercise”;
“recognized actions”; “reporting recognized failures”), and reacting to a signal
(“reacting to an audial signal’’; “reacting to a coach’s signal”).

Additional exercises for the development of athletes’ attention revealed
coaches’ view of a relatively big number of exercises (“there are a lot of them”;
“different exercises”), a need for modern devices for its development (“modern
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devices”; “technical tools for development”), and suggested some exercises not
mentioned in the list (“cross-country running in the wood”; “reacting to a ball or

movement from behind”; “concentration exercises”).

Discussion

The highest position of technical skills in coaches’ views confirms the
problem in the development of attentional skills (Wang, 2016). Coaches’
assessment of the significance of psychological aspects in young boxers’ practice
is also relatively high. Simultaneously, the level of agreement among coaches was
low, and attention was evaluated lower than motivational components of athletes’
practice. Focusing on boxers’ motivation was also found in other studies (e.g.,
Nazarenko & Kolesnik, 2017).

Coaches’ answers to open questions revealed that the assessment of athletes’
attention should include testing of reaction to signals and counting errors during
this process. We have developed a measurement tool in the next step of the study.

Study 2

Based on our qualitative findings and previous studies in broad populations
of athletes and non-athletes (e.g., Fard, Boroujeni, & Lavender, 2019; Larson,
Sherlin, Talley, & Gervais, 2012; Lesiakowski, Zwierko, & Krzepota, 2013;
Reigal et al., 2019; Surina-Marysheva, Malkov, & Yermolaeva, 2016), we have
selected the measurement of RT as the most suitable for the assessment of boxers’
attention. Measurements of RT are useful for the investigation of attentional
processes, modulating individual reactions (Coull, 1998; Posner et al., 2006). RT
Is also ecologically valid for a broad number of open-skills sports, referred to as
reaction-based sports (Wang, 2010).

RT represents the speed of the sensorimotor circle, composed by detection
of the stimulus, an afferent transfer of information, generation of the response,
and a motoric response (Adleman et al., 2016). As Wang (2010) pointed, pre-
motor (cognitive) RT could be improved to a greater extent than the motor
(motoric response) RT. Shortening RT by improvement decision-making speed
and focusing and distribution of the attention could fill a performance gap at the
high-level competition, associated with high pressure, fast pace, and
unpredictable situations (Wang, 2010). However, the highly individualized
training program for an elite professional boxer (Larson et al., 2012) revealed no
significant reduction in RT and a significant improvement only in the level of
accuracy (making significantly fewer errors).

There are two main kinds of RT tasks — simple and complex (e.g., Reigal
et al., 2019). The first implies a simple reaction to a single stimulus. The second
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involves the identification and selection of a response to various (at least two)
stimuli. Studies demonstrated relative stability of simple RT after the warm-up or
ashort intervention (e.g., Balilionis et al., 2012; Perrier, Pavol, & Hoffman, 2011).
It lengthens in association with fatigue (Fard et al., 2019), as also shown in boxers
after sparring (Hukkanen & Hakkinen, 2017). Complex RT is less investigated in
association with its change (e.g., Niederer et al., 2019). Therefore, data on
changing athletes’ complex RT will be helpful for further investigation. In this
exploratory study, we have developed a device for measuring simple and complex
RT and tested young boxers before and after the 15-minutes-long warm-up.

Method

Participants. Nine athletes, aged 12 to 15 (M = 13.9, SD = 1.3, 33%
females), participated in the study. Athletes’ participated in the study after signed
informed consent was received from their parents.

Measures. The measurement of RT was performed by a device based on an
8-bit AVR programmed microcontroller Arduino Nano, processor ATmega328P,
frequency 16MHz, operating voltage 5V. The technical characteristics of its
connection to the laptop followed the USB 2.0 standard for external devices. The
terminal included two signal buttons, operated by the tester, the red and blue light-
diodes, and two reaction buttons, operated by the athlete (Figure 1).

Figure 1 Terminal for measuring reaction time: 1 — blue signal button; 2 — red signal
button; 3 — blue light-diode; 4 — red light-diode; 5 — blue reaction button; 6 — red reaction
button; 7 — connection wires; 8 — laptop (developed by authors)
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A two-channel digital oscilloscope Hantek DS05102B (100MHz
bandwidth, 1GSample/s) was applied for calibration of the device. The results for
both signals indicated that 80% of measures were equal, and 20% of measures
differ for no more than 1ms (the step in counting RT).

Procedure. A simple reaction task included measuring athletes’ RT after the
red signal was presented (red diode on). Time intervals between signals varied
from 1 to 3 seconds to minimize the effect of learning. At least 10 signals were
presented within this task.

A complex reaction task included measuring RT after the red or blue signal
was presented. The selective reaction required pushing the red button in the case
of the red signal and blue button for the blue one. Time intervals among signals
were about 1 to 2 seconds. The sequence of signals included switching or
repeating (up to 3 times) signals (e.g., Red-Blue-Red-Blue-Blue-Red-Red-Blue-
Red...). At least 20 signals were presented.

The first measurement was performed before the warm-up. The second
measure was conducted after the 15 minutes long warm-up. The warm-up
protocol included dynamic stretching and basic exercises. It started with basic
exercises in movement followed by dynamic stretching and shadow boxing
(3 minutes).

Statistical analysis was performed by IBM SPSS 22.0 package. Statistical
power was calculated by R-package ‘pwr’.

Results

A relatively low number of participants defined the use of a paired sample t-
test as robust to small sample sizes. Figure 2 presents the means of simple and
complex RT before and after the warm-up. The results demonstrated no
significant change in simple RT after the warm-up, t(8) = 0.34, p =.741. Athletes’
complex RT decreased significantly after the warm-up, t(8) = 4.48, p = .002. For
this change, Cohen’s d was 1.51 (inter-correlation between conditions r(8) = .75,
p =.020) and observed power was .87.

For simple RT, the mean number of errors was 0.44 (SD = 1.33) before the
warm-up and 0.33 (SD = 0.50) after it. The change was not significant, t(8) = 0.22,
p =.834. For complex RT, the mean number of errors was 1.44 (SD = 1.59) before
the warm-up and 1.56 (SD = 1.81) after it, also demonstrating no significant
change, t(8) =-0.23 , p = .824.
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Figure 2 Simple and complex reaction time (RT) before and after the warm-up in young
boxers (N =9)

Discussion

The results revealed a significant effect of the warm-up on complex RT and
no effect on the simple RT. These findings confirmed the stability of simple RT
after the short intervention (Balilionis et al., 2012; Perrier, Pavol, & Hoffman,
2011). The level of simple RT was close to RT of skilled boxers aged 20-25
(Surina-Marysheva et al., 2016). Simultaneously, we have found an improvement
in complex RT associated with decision making (Reigal et al., 2019). Physical
conditioning could be considered among mechanisms for this improvement
(Reigal et al., 2019).

The results of this part were discussed with two coaches. They have expected
that the warm-up will not affect simple RT. And one of them expected the change
in complex RT. In contrast to well-known exercises for developing attention, one
of the coaches asked: “Could you suggest some exercise?” This question reflected
a coach’s interest in the development of boxers’ attentional skills and some lack
of effective instruments in their development. Also, both coaches suggested the
measurement of RT, which includes the full punch in the assessed sensorimotor
circle.

General discussion

Both parts of the study confirmed that objective measures form the basis for
the feedback for athletes and coaches. We have developed a device for
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measurement two main kinds of RT associated with attentional processes (e.g.,
Reigal et al., 2019; Surina-Marysheva et al., 2016). The review of the literature
and our findings demonstrate that a specific training system should be developed
for the development of boxers’ attentional skills. There is no simple way for the
improvement of aspects of attention.

The exploratory nature of the study resulted in some limitations. Large effect
size and sufficient statistical power confirmed the significance of the change in
complex RT. Simultaneously, further study should involve a broader sample of
young athletes, allowing testing an interaction between the task and warm-up.
Longer trials will be useful for a more detailed exploration of the level of accuracy
in RT tasks. A control group is needed for testing a possible effect of learning.

Conclusions

In sum, we have found signs of underestimation of the development of
attention in boxers. We have developed a device for measuring simple and
complex RT, which associates with attentional processes. The effect of the warm-
up on athletes’ complex RT is the main quantitative finding and, simultaneously,
a question for further investigation. The development of attentional skills and
shortening RT remain the challenges for coaches and athletes.
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