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The influence of real-time
quantitative feedback and verbal
encouragement on adults’
performance in maximal and
explosive strength and power in
bench press exercise

Martin Pacholek*

Department of General Studies, Prince Sultan University, Riyadh, Saudi Arabia

Background: In sports practice, a wide array of verbal and non-verbal stimuli can
elicit diverse motivations and performance changes. Therefore, the primary
objective of this study was to compare the impact of various stimuli on
maximal strength and power in bench press exercises.

Methods: This study involved 48 university students (average age 20.5 + 2.8 years;
body mass 80.1 + 20 kg; height 174.6 + 6.7 cm; BMI 26.2 + 6 kg/m2) who engaged
in an 8-week resistance training program. The students were randomly divided into
three experimental groups and one control group. The first group received real-
time quantitative feedback (RF) on their power output during the bench press
exercise, the second group received verbal encouragement (VE) from an instructor,
and the third group exercised without any external stimulus (WS). The control
group (CG) underwent only pre- and post-measurements. To compare differences
in strength parameters among groups a Two-Way Repeated Measures ANOVA
was applied.

Results: The results revealed significant improvements in the mean weight for
one repetition maximum in the real-time quantitative feedback group (5 kg,
9.76%, p = 0.001, d = 0.529) and the verbal encouragement group (5.42 kg,
11.51%, p = 0.001, d = 1.201). Positive changes were also observed in the mean
power at 20 and 30 kg for the RF, VE, and WS groups, but at 40 kg, significant
improvement was only seen in the real-time quantitative feedback group (247 W,
31.30%, p = 0.001, d = 1.199).

Conclusion: These findings underscore the effectiveness of selected stimuli in
enhancing maximum strength and power during bench press exercises, with
real-time quantitative feedback proving to be the most effective stimulus for
improving both maximal strength and power.
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1 Introduction

Body movements are patterns of responses to recognized stimuli
(Melzer et al., 2019). These stimuli, which can be visual, kinesthetic,
auditory, or a combination of multiple senses, are perceived by
individuals (Morgan, 2019). Learning occurs by conditioning
responses to specific stimuli (Bam, 2016). Applied behavior
analysis has increasingly emphasized the significance of stimuli in
regulating human behavior (Winnick and Porretta, 2017).

In the context of physical activity settings, a growing body of
research has provided evidence for the influential role of positive
feedback as a stimulus in shaping perceptions of competence and
intrinsic motivation (Schunk, 1995; Reinboth et al., 2004; Nicaise
et al.,, 2006). The feedback provides information about the objective
or subjective results, or the quality and quantity of movements
during or after the performance (Kangalgil and Ozgii, 2018).
According to Doig (2001), feedback is a helpful tool for
individuals to achieve desired outcomes according to certain
criteria. Badami et al. (2011) have differentiated between two
types of feedback employed in teaching and coaching: intrinsic
feedback (feedback that arises from learners’ sensory systems
during and as a consequence of their performance) and
augmented feedback (feedback received from an external source
that supplements the learner’s sensory information). The utilization
of these two types of feedback in conjunction assists students and
athletes in thriving and enhancing their performance (Smither
et al., 2005).

The feedback provided by teachers and coaches significantly
influences the achievement of students and athletes in physical
sports settings (Mouratidis et al, 2008).
Practitioners utilize feedback to teach correct movements and

education and

skills, enabling students and athletes to assess their performance
(Lund and Kirk, 2019). Feedback serves as a tool to rectify mistakes
and impact an individual’s motivation levels (Coker, 2013). It can be
delivered in various forms, including verbal, visual, or written, and
does not always require intricate details to enhance motivation
(Strube and Strand, 2015).

Koka and Hein (2003) discovered that perceived feedback
played a pivotal role in students’ perceptions of competence and
intrinsic motivation. Similarly, the sports literature is abundant with
evidence highlighting the crucial role of positive feedback from
coaches in athletes’ perceptions of competence and intrinsic
motivation (Amorose and Horn, 2000; Chelladurai and Saleh,
1980). One of the most straightforward methods for enhancing
motivation and competitiveness is through the effective use of
feedback (Wilson et al., 2017; Weakley et al., 2020).

Real-time quantitative feedback is a powerful tool for creating
a competitive environment that can lead to acute improvements
in performance and, over time, drive adaptation (Argus et al,
2011; Randell 2011; Wilson et al, 2017). This
straightforward method is often overlooked but has

et al.,

demonstrated a significant impact on the development of
strength and power (Weakley et al, 2020). Studies (Argus
et al, 2011; Randell et al., 2011; Singh, 2016; Wilson et al,,
2017) have shown that real-time quantitative feedback results
in higher movement velocities and can enhance training
performance by approximately 3%-6%. It enables individuals
to train closer to their optimal capacity (Figoni and Morris, 1984;
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Graves and James, 1996;
Owen, 2014).

Another method for motivating individuals is through verbal

1990; Kellis and Baltzopoulos,

encouragement (VE). A recent study has shown that receiving verbal
encouragement in conjunction with the presence of practitioners
during exercise can lead to enhanced performance (Keegan, et al,
2010). It is also recognized that implementing verbal or visual
feedback can yield the same positive effect on performance as
having a coach present (Weakley, 2020). In the same study, it is
that yields
improvements in strength training when compared to receiving

mentioned verbal  encouragement comparable
kinematic feedback. This underscores the importance of this
stimulus in maintaining motivation during practice (Standage
et al, 2003). However, it is worth noting that a study by
Campenella et al. (2000) found no significant effect of verbal
encouragement on strength efforts. This indicates that there is
limited evidence regarding the effectiveness of verbal
encouragement in strength training, especially considering that
most studies have focused on endurance performance (Bickers,
1993; Moffatt et al., 1994; Andreacci et al,, 2002; Neto et al., 2015).
Furthermore, several exercise testing guidelines have included specific
steps for using verbal encouragement, but without solid theoretical or
empirical justification. Additionally, there has been limited research
defining effective verbal encouragement in terms of content, tone,
loudness, timing, and frequency of delivery (Midgley et al., 2018).

Until now just a few studies have investigated the chronic effect
of resistance training with different stimuli or feedback (Weakley
et al.,, 2023). Therefore, the primary objective of this study is to
compare the effectiveness of different stimuli, namely, real-time
quantitative feedback, verbal encouragement, and no external
incentives. This research aims to shed light on the impact of
these stimuli on student motivation and performance, providing
valuable insights for both scientists and practitioners. The study is
unique in its approach, as it combines several elements: a
comparative analysis of selected stimuli within the training
program, a group of students, and customized training loads
tailored to each participant.

The hypothesis posited that all experimental groups would
exhibit significant improvements in maximal strength (one
repetition maximum-1RM) and explosive strength (mean power)
during bench press exercises, in contrast to the control group (CG).
Furthermore, it was expected that the group utilizing real-time
quantitative feedback would experience significantly greater
improvements compared to the other groups following the
implementation of the selected resistance program. Lastly, it was
anticipated that the experimental groups would demonstrate greater
enhancements in explosive strength as opposed to maximal strength

upon completion of the selected resistance program.

2 Materials and methods
2.1 Participants

This study followed a blinded four-group-time-parallel
experimental design, with the dependent variables being motoric

abilities (maximal and explosive strength). The independent
variables were perceived feedback during resistance training (real-
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FIGURE 1
Training program.

time quantitative feedback, verbal encouragement). A total of forty-
eight male students from Prince Sultan University participated in
the study (average age 20.5 + 2.8 years; body mass 80.1 + 20 kg;
height 174.6 + 6.7 cm; BMI 26.2 + 6 kg/m2), and all participants
completed the training and measurements. They were all in good
physical health, without any injuries, and refrained from taking
supplements during the program. Every student had less than
2 years of experience with progressive resistance training and
more than 1 month of experience with weightlifting in the gym.
Therefore, the purposive sampling method was employed to select
participants for our study. Students were informed about the testing
procedures, training programs, and potential risks associated with
these activities before the pre-test measurement of their explosive
and maximal strength abilities. However, they were unaware of the
specific interventions and were instructed not to engage in any
exercise routines other than the selected program. Each student
underwent pre- and post-measurements before and after an 8-week
resistance program.

2.2 Instruments

Prior to the actual measurement, they had three practice
attempts using a 20 kg barbell for the bench press test. The
students were randomly divided into four groups, each one with
12 students. Three of these groups underwent resistance training
programs in the gym, with different interventions or without any
stimuli, while the fourth group (control group) underwent only pre-
and post-measurements. The real-time quantitative feedback group
received feedback from a device called FITROdyne Premium
(FITRONIC, Slovak  Republic) their
performance (power in the concentric phase) after each

Bratislava, about
repetition. This feedback was both visible to the participant and
verbally announced by the teacher or their peers. The verbal
encouragement group received verbal encouragement from the
teacher before each repetition and set. The verbal encouragement
consisted of a single word, “hoop,” which was loudly spoken by the
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teacher before each repetition and concentric phase of the
movements. The without any external stimulus group (WS)
worked out without any feedback. All testing procedures,
interventions, and training were administered by a single
investigator. The experiment had a duration of 8 weeks, with
sessions held twice a week for a total of 16 training units.

2.3 Procedures

Students received individualized training programs based on
their pre-test measurements in the bench press (BP) exercise
(Figure 1). Each participant began with a standardized warm-up,
consistent for all participants, and then proceeded to work with
weights starting at approximately 50% and concluding at around
65% of their one-repetition maximum (1RM). Every 3 weeks,
weights were incrementally increased by about 5%-8% based on
their individual programs. Interval rests between sets ranged from
3-6 min. The training program included two sets with 4-
6 repetitions (based on their subjective feelings), emphasizing
subjective maximal velocity during the concentric phase.
Participants were instructed to stabilize the barbell on their
chests for 3 s before beginning the next repetition of the bench
press concentric phase. All participants had a minimum of 48 h of
rest between training sessions.

The study adhered to ethical
experimentation as outlined in the 1964 Helsinki Declaration and

standards for human

its subsequent amendments. Approval for the project was obtained
from the Prince Sultan University Institutional Review Board (PSU
IRB-2022-02-0104).
2.4 Data collection and processing

Students were instructed to abstain from engaging in physical

activity for at least 2 days prior to the measurements and to avoid
consuming solid meals within 2 h before testing. On the day of
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testing, participants followed a standardized warm-up routine,
which included 1 min of running in place, dynamic stretching
exercises for the upper body, and five sets of push-ups.

Following the warm-up, an assessment battery was conducted to
assess maximal power and maximal strength. The students
underwent strength testing to determine their one-repetition
maximum (1RM) on the bench press (BP). The bench press is a
commonly used exercise for developing upper body strength.

The investigator served as a spotter during the bench press
measurements. Firstly, it was checked if participants had the
correct grip on the bar (slightly wider than shoulder-width) and
provided assistance with unracking the bar when necessary.
Students then started the exercise with their arms fully extended
and elbows locked. Then the bar was lowered until it touched the
chest, followed by a concentric phase, lifting the bar back to full
arm extension. A repetition was considered successful only if it
included this full range of motion. Any deviation, such as failing
to touch the chest or bouncing the bar, was regarded as an
unsuccessful attempt. For safety reasons, the spotter remained
positioned behind the bar throughout the exercise and
intervened by assisting with lifting the bar off the participant
if an attempt was unsuccessful or unsafe. However, during
successful attempts, the spotter did not touch the bar (Wilk,
et al., 2020).

Participants aimed to achieve maximum velocity during the
concentric phase while lifting various weights, starting from
20 kg and increasing incrementally. After each successful
attempt, the weight was increased by 10 kg. Peak power
output was recorded from 20 kg until the one-repetition
maximum (1RM) was determined (Pacholek and Zemkovd,
2020). If a student failed to lift the weight, they were given
one more attempt with 5 kg less weight to ensure a more accurate
detection of their 1RM.

To assess strength parameters, a monitoring device, the
FITROdyne Premium (FITRONIC, Bratislava, Slovak Republic),
was utilized. It is a system with a sensor unit containing a linear
encoder. This computer-based system for the assessment of strength
capabilities and feedback monitoring of strength training. This
device is capable of measuring vertical speed and range of
motion, particularly during strength exercises. It includes a
sensor connected to a barbell. Using data related to weight and
acceleration, the system can calculate force, power, and position.
The device offers immediate feedback after each repetition (Fitronic,
2017). The device is designed to comprehensively capture
biomechanical parameters during workouts, including vertical
velocity and the length of motion. Consisting of a sensor unit
equipped with a precise encoder and reel. The system utilizes
facilitate  the
calculation, and real-time display of fundamental biomechanical

extensive computer software to collection,
parameters relevant to the workout. (Pacholek and Zemkovd, 2020).
The reliability of the parameters obtained using this system has been
established in various exercises, including squat jumps and biceps
curls (Jennings et al., 2005), chest presses on the bench and on a
Swiss ball (Zemkovd et al., 2014), deadlift to high pull on the Smith
machine and with free weights (Zemkova et al., 2016), and standing
cable wood chop exercises (Zemkova et al., 2017). The testing took
place in a consistent location, with the same timing and on

the same days.
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2.5 Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics 23,
(IBM Corporation, United States). The basic descriptive parameters,
including standard deviation and mean, were computed. The
Shapiro-Wilk Test for normality was applied to assess the
distribution of all variables. To analyze participant characteristics
was employed a one-way analysis of variance (ANOVA) and the
Kruskal-Wallis Test. To evaluate statistical changes between pre-
and post-tests within groups, the paired samples f-test. For
nonparametric data, was utilized the Related Samples Wilcoxon
signed-rank test. To compare differences in strength parameters
among groups a Two-Way Repeated Measures ANOVA with a
Tukey post hoc test was used. For a practical interpretation of the
research findings, was reported the effect size (ES). Cohen’s criteria
for effect sizes categorize them as small (d = 0.2), medium (d = 0.5),
and large (d = 0.8). Additionally, for nonparametric data, Pearson’s
correlation was used, with values of r = 0.1 to 0.3 considered small,
r=0.3 to 0.5 as medium, and r = 0.5 to 1.0 as large (McLeod, 2020).

3 Results

The results from the characteristics of the participants (Table 1)
indicate that all groups were homogeneous in terms of height, body
mass, and body mass index. However, a significant difference was
observed in their age (p = 0.003).

The changes in mean weight for one-repetition maximum
(Table 2) demonstrate significant improvements in the real-time
quantitative feedback and verbal encouragement groups. Following
group comparisons, significant differences were identified between
real-time quantitative feedback and control group groups (p =
0.009). Figures 2A-D illustrate the individual changes (pre-post
measurement) in one-repetition maximum within each group.

The mean power produced during the bench press (BP) in the
concentric phase at weights 20 kg (Figure 3A) significantly improved
all groups except the control group. Real-time quantitative feedback
group by about 183W (20,32%, p = 0.012, r = 0.340), verbal
encouragement group by about 125W (16.43%, p = 0.048, d =
0.802) and without any external stimulus group by about 205W
(29.11%, p = 0.001, d = 1.3834). Following group comparisons,
significant differences were identified between real-time quantitative
0.001), real-time
quantitative feedback and without any external stimulus groups

feedback and control group groups (p =

p = 0.004, verbal encouragement, and control groups p = 0.43.

At a weight of 30 kg (Figure 3B), similar results were observed
with significant improvements in the real-time quantitative feedback
group (239 W, 28.17%, p = 0.001, d = 1.581), the verbal
encouragement group (137 W, 19.40%, d = 1.159), and the
without any external stimulus group (120 W, 21.25%, p = 0.002,
d = 0.862). The control group did not improve significantly.
Following group comparisons, significant differences were
identified between real-time quantitative feedback and control
group groups (p = 0.002), real-time quantitative feedback, and
without any external stimulus groups p = 0.002.

At a weight of 40 kg (Figure 3C), significant improvements were
observed only in the real-time quantitative feedback group (247 W,

31.30%, p = 0.001, d = 1.199). The other groups did not exhibit
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TABLE 1 Characteristic of participants (mean + SD and n).

Variable Whole Real-time quantitative Verbal encouragement Without

group feedback group group (n = 12) stimulus group

(n =48 (n =12) (n =12)
Age (y) 2052 + 2.84 22.83 + 4.20 20.67 + 2.06 18.83 + 0.94 19.75 + 1.48 0.003
Height (cm) 174.63 + 6.70 17542 + 6.67 175.08 + 6.65 176.08 + 5.65 17192 + 7.73 0.442
Body 80.08 + 19.96 8223 + 18.96 81.24 + 18.94 86.67 + 23.67 70.18 + 16.22 0.220
mass (kg)
BMI (kg.m?) 26.16 + 5.96 2658 + 5.18 2652 + 6.14 27.90 + 7.43 23.64 + 4.64 0362

TABLE 2 One repetition maximum in bench press exercise.

Variable Pre-test Post-test Percentage of change (%) p-value d Value
Real-time quantitative feedback group 51.25 + 9.56 56.25 + 9.32 9.76 0.001 0.529
Verbal encouragement group 47.08 + 4.50 52.50 £+ 4.52 11.51 0.001 1.201
Without stimulus group 44.58 + 8.94 46.25 + 7.45 3.75 0.166
Control group 42.92 + 11.02 42.92 +9.02 0 1.000
A B
80 - 70 ~
70 4 60
60 4 50 4
27 £ 40
£ 40 - e
.%" OPre-test %" 30 J OPre-test
2 30 1 m Post-test E m Post-test
20 | 20 4
10 A 10 1
o o U
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Student number Student number
C D
70 - 60 -
60 - 50 A
% 40
ESN g
£ £ 30
.%" 30 J OPre-test .:l," OPre-test
E m Post-test s 20 4 m Post-test
20 4
10 1 10 1
o o 1
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Student number Student number
FIGURE 2

(A) The individual changes in one repetition maximum within the real-time quantitative feedback group. (B) The individual changes in one repetition
maximum within the verbal encouragement group. (C) The individual changes in one repetition maximum within the without any external stimulus
group. (D) The individual changes in one repetition maximum within the control group.

significant improvements. Following group comparisons, significant ~ and real-time quantitative feedback and verbal encouragement
differences were identified between real-time quantitative feedback  groups p = 0.029.

and control group groups (p = 0.017), real-time quantitative Following pairwise comparisons, significant differences in mean
feedback and without any external stimulus groups p = 0.017,  power were found between the real-time quantitative feedback and
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FIGURE 3

(A) The mean power produced during the bench press at weights 20 kg prior to and after 8 weeks of the training program (*p < 0.05, **p < 0.01). (B)
The mean power produced during the bench press at weights 30 kg prior to and after 8 weeks of the training program (**p < 0.01). (C) The mean power
produced during the bench press at weights 40 kg prior to and after 8 weeks of the training program (**p < 0.01).

control groups (p = 0.004) during the bench press exercise at the
weight of 20 kg. Similarly, significant differences were noted between
real-time quantitative feedback and without any external stimulus
groups (p = 0.009), real-time quantitative feedback and control
groups (p = 0.001), verbal encouragement and control groups (p =
0.001), and without any external stimulus and control groups (p =
0.038) at the weight of 30 kg. Lastly, significant differences emerged
between groups real-time quantitative feedback and verbal
(p = 0014),
feedback and without any external stimulus groups (p = 0.002),
and real-time quantitative feedback and control groups (p = 0.003)
at the weight of 40 kg. Figures 4A-D illustrate the individual changes
(pre-post measurement) in maximum power within each group at
the 30 kg weight of the barbell.

encouragement groups real-time quantitative

4 Discussion

The purpose of the study was to compare the effects of different
stimuli on strength parameters in bench press exercises after 8 weeks of
a training protocol. The main findings of this study indicate that real-
time quantitative feedback and verbal encouragement groups that
adhered to the protocol experienced significant improvements in
maximal strength and mean power compared to the control group,
thus confirming the first hypothesis. The second hypothesis was also
confirmed as the real-time quantitative feedback group showed greater
improvements in mean power at the weight of 40 kg compared to the
other groups. The improvements in other factors, such as mean power

Frontiers in Physiology

at 20 and 30 kg and one repetition maximum, were similar to those of
the verbal encouragement group. However, the without any external
stimulus group only demonstrated significant improvements in mean
power at 20 and 30 kg, without a corresponding improvement in
maximal strength. Group comparison has shown superior results of
the real-time quantitative feedback group compared to the other
groups in mean power mainly at a different weight (20, 30, 40 kg).
This outcome aligns with our last hypothesis that the experimental
groups would exhibit significantly greater improvements in mean
power than in maximal strength.

The study by Pareja-Blanco et al. (2014) documented a positive
impact of maximal intended velocity compared to half-maximal
concentric velocity on squat performance in a 6-week program. In
this study, physically active men demonstrated a greater improvement
in maximum strength (effect size: 0.94 vs. 0.54) and in velocity
developed against resistance (effect size: 1.76 vs. 0.88). In this
study, similar improvements in the mean power of the concentric
phase were observed, particularly on lighter loads but different results
were yielded particularly in heavy loads and one-repetition maximum
performance on the bench press exercise. The without any external
stimulus group did not exhibit a significant improvement in the mean
one-repetition maximum or the mean power on heavier loads. Several
factors may contribute to this discrepancy, including differences in
smaller amounts of repetition (4-6 vs. 8), sets (2 vs. 3), and loads in
our program. Selected exercise when the bench press utilizes relatively
smaller muscle mass than the back squat (Argus et al,, 2011) and
statistically significantly smaller differences compared to other fitness
abilities were also recorded in acute resistance training performance in
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FIGURE 4

(A) The individual changes in maximum power (at the 30 kg weight of the barbell) within the real-time quantitative feedback group. (B) The individual
changes in maximum power (at the 30 kg weight of the barbell) within the verbal encouragement group. (C) The individual changes in maximum power
(at the 30 kg weight of the barbell) within the without any external stimulus group. (D) The individual changes in maximum power (at the 30 kg weight of

the barbell) within the control group.

the bench press exercise. The conclusion was that the performance
close to maximal strength might not be sensitive enough to external
stimulation (Pacholek and Zemkova, 2022). Moreover, motivation
could also be a crucial factor, as evidenced by the significant
improvements in maximum strength parameters in the real-time
quantitative feedback and verbal encouragement groups.

Weakley et al.’s meta-analysis (2023) reveals that various forms
of feedback have positive effects on chronic training adaptation,
particularly over a 4-6-week period. Notably, improvements were
observed in key performance metrics such as velocity, power, and
strength when feedback was incorporated during training sessions,
in contrast to scenarios where no feedback was given. This aligns
with similar findings from studies by Nagata et al. (2018), Randel
etal. (2011), and Vanderka et al. (2020), which support the idea that
feedback enhances performance. A noteworthy aspect of Weakley
et al.’s analysis (2020) is the comparison of different feedback types
when differences between verbal encouragement, kinematic
feedback, and verbal kinematic feedback were generally minimal,
likely to very likely trivial during the back squat exercise. This
implies that, for the back squat exercise specifically, athletes may not
experience significant distinctions in performance when employing
these feedback methods. In contrast, the meta-analysis emphasizes
the superiority of visual feedback when it comes to chronic
performance gains. It was found that visual feedback had a
statistically ~ greater immediate  performance
improvement compared to verbal feedback (Weakley et al., 2023)

effect  on
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and from Keller et al. (2014) study is known that visual feedback
decreases mean concentric barbell velocity loss, and improves
perceived workload, and motivation. This
finding aligns with the present study when real-time quantitative

competitiveness,

feedback outperformed both verbal encouragement and training
without any stimuli in most of the parameters evaluated in the BP.

Pérez-Castilla et al. (2020) describe in their study that to enhance
power and velocity performance during the concentric phase of the
movement, it is more effective to provide feedback after each repetition
rather than after each set. Furthermore, Jiménez-Alonso et al. (2022)
found that this feedback is particularly advantageous when emphasizing
strength over power, as it leads participants to shift their motivation
from internal to external sources of information, fostering a more
competitive mindset. Additionally, Weakley et al. (2020) stated that for
athletes with low levels of conscientiousness, offering verbally
encouraging statements after each repetition may vyield the greatest
benefit. In our study, we implemented real-time quantitative feedback
after each repetition and provided verbal encouragement before every
repetition. Furthermore, Nagata et al. (2018) achieved superior results in
loaded jump abilities when providing verbal feedback about the bar’s
velocity after each repetition, compared to kinetic-visual or average
feedback, which was given after each set. However, the optimal
approach for combining these stimuli remains a subject of inquiry.
Notably, the provision of objective information about students’
performance in the real-time quantitative feedback group, compared
to the verbal encouragement group, resulted in greater improvements,

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1329432

Pacholek

particularly in power parameters, regardless of whether heavy or lighter
loads were used.

The study by Lee et al. (2021) indicates that verbal
encouragement is effective in maintaining central activation;
however, it may not be sufficient to produce significant increases
in strength parameters in acute conditions. A similar study
conducted by Pacholek (2021) also reported statistically non-
significant results in strength parameters, particularly in the
bench press exercise. In contrast, Miller et al. (2021) found that a
combination of real-time feedback and verbal encouragement leads
to significantly better results compared to a group that only received
verbal encouragement from the investigator. On the other hand, a
study by McNair et al. (1996) suggests that participants in their
research significantly improved in strength parameters, although
electromyograph activity remained unchanged. The effectiveness of
verbal encouragement might be attributed to factors such as the
presence of a teacher, their interest in the subject’s performance, and
the subject’s maximal effort, as suggested by Andreacci et al. (2002).
Consequently, based on these findings, the impact of verbal
encouragement on acute resistance training performance remains
unclear. Nevertheless, this study highlights the positive effect of
verbal encouragement on chronic adaptation, particularly in the
context of power and maximal strength.

The efficacy of real-time quantitative feedback as a modulating
factor is underscored by its provision of objective feedback to students
during their workout sessions. This feedback not only serves as a
source of motivation for improved performance but also fosters a
sense of competition as students compare their progress with their
peers. The immediacy of information in response to any lapse in
concentration plays a pivotal role in enhancing effort and execution.
In contrast, verbal encouragement or without any external stimulus
lacks these distinct advantages, resulting in a comparatively
diminished impact compared to the dynamic and immediate
influence of real-time quantitative feedback.

From a physiological point of view, we can distinguish
physiological aspects based on motivation and emotion (Bradley
and Lang, 2000), which could play a significant role in this
research. Hormones and energy levels guide motivation; on the
other hand, emotions arise from innate biological response
and bodies
neurotransmitters chemically affect the activity of the brain (limbic

patterns in our brains when hormones and
system) and its role in emotional processing (Gross and Canteras,
2012). In our scenario, it was a key point to prepare the body with a
motivational stimulus to achieve better performance and focus on the
task. This could happen by releasing adrenaline, which increases heart
rate, blood pressure, and other physical responses (Stanton and
Schultheiss, 2009). Other hormones, like dopamine and serotonin,
could also play important roles in selected stimuli, as students might
feel they would like to repeat this training or feel satisfaction with their
accomplishments and results (Baixauli Gallego, 2017). It appears that
real-time quantitative feedback influences these processes the most
compared to other selected stimuli.

The study has several notable limitations. Firstly, the limited
number of participants who took part in the training program raises
concerns about the generalizability of the findings. Additionally, the
significant age difference among the selected groups may have
introduced confounding variables that could impact the results,
potentially skewing the outcomes This is compounded by the
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of the
feedback group compared to the groups without stimuli and the

significantly superior results real-time quantitative
control group in power at 20 kg. Furthermore, the varying number
of training units completed by some participants (14th and 16th)
introduces an additional variable that could have influenced the
results and made it challenging to attribute improvements solely to
the training protocol.

In terms of future research, it would be valuable to conduct studies
with larger and more diverse participant samples and exercises to
enhance the generalizability of the findings. Additionally, exploring
the effects of different stimuli on muscular strength and power,
particularly when tailored to specific strength parameters or fitness
abilities, could provide valuable insights. Moreover, investigating
whether the same stimuli have a similar effect on female students,
athletes, and different age groups, including both older and younger
populations, would be an interesting avenue for research. This
approach could help discern potential differences in response to
training stimuli among various demographic groups, contributing
to a more comprehensive understanding of maximal strength and
power improvements.

5 Conclusion

The purpose of this research was to investigate methods for
enhancing motivation and performance among young, healthy
at the
university level. The study revealed that different stimuli have

participants during physical education (PE) classes
varying positive effects on students’ performance during resistance
training, offering valuable insights into how to effectively encourage
and motivate students to achieve better results in strength training.
Real-time quantitative feedback emerged as a promising choice for PE
classes, not only for its role in improving results but also for providing
objective information about students’ efforts and performance. Verbal
encouragement from teachers was shown to lead to greater
improvements in maximal strength parameters compared to
situations without any stimuli. This underscores the potential for
educators to positively influence their students when objective
feedback may not be readily available during physical education
activities.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the
Prince Sultan University Institutional Review Board (PSU IRB-
2022-02-0104).
with the local legislation and institutional requirements. The
their
participate in this study. Written informed consent was obtained

The studies were conducted in accordance

participants  provided written informed consent to

from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1329432

Pacholek

Author contributions

MP: Writing-review and editing, Writing—original draft,
Validation,
Project administration, Methodology,

Visualization, Supervision, Software, Resources,

Investigation, Funding
acquisition, Formal Analysis, Data curation, Conceptualization.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Research and Initiatives Center (SEED-CHS-
2022-99).

Acknowledgments

The authors would like to recognize the efforts made by Prince
Sultan University in funding the research with either fees, incentives,

References

Amoruse, A. J., and Horn, T. (2000). Intrinsic motivation: relationships with
collegiate athletes’ gender, scholarship status, and perceptions of their coaches’
behavior. J. sport and Exerc. Psychol. 22 (1-4), 63-84. doi:10.1123/jsep.22.1.63

Andreacci, J. L., Lemura, L. M., Cohen, S. L., Urbansky, E. A., Chelland, S. A, and
Duvillard, S. P. V. (2002). The effects of frequency of encouragement on performance
during maximal exercise testing. J. sports Sci. 20 (4), 345-352. doi:10.1080/
026404102753576125

Argus, C. K, Gill, N. D., Keogh, J. W., and Hopkins, W. G. (2011). Acute effects of
verbal feedback on upper-body performance in elite athletes. J. Strength and Cond. Res.
25 (12), 3282-3287. doi:10.1519/JSC.0b013e3182133b8c

Badami, R., VaezMousavi, M., Wulf, G., and Namazizadeh, M. (2011). Feedback after
good versus poor trials affects intrinsic motivation. Res. Q. Exerc. Sport 82, 360-364.
doi:10.1080/02701367.2011.10599765

Baixauli Gallego, E. (2017). Happiness: role of dopamine and serotonin on mood and
negative emotions. Emerg. Med. (Los Angeles) 6 (2), 33-51. doi:10.4172/2165-7548.
1000350

Bam, A. (2016). Psychological aspects of physical education [PowerPoint slides].
SlideShare. Available at: https://www.slideshare.net/BamAmintao/psychological-
aspects-of-physical-education-65717489.

Bickers, M. J. (1993). Does verbal encouragement work? The effect of verbal
encouragement on a muscular endurance task. Clin. Rehabil. 7 (3), 196-200. doi:10.
1177/026921559300700303

Bradley, M. M., and Lang, P. J. (2000). Emotion and motivation. Handb.
Psychophysiol. 2, 602-642. doi:10.1017/CB0O9780511546396.025

Campenella, B., Mattacola, C. G., and Kimura, I. F. (2000). Effect of visual
feedback and verbal encouragement on concentric quadriceps and hamstrings
peak torque of males and females. Isokinet. Exerc. Sci. 8 (1), 1-6. doi:10.3233/ies-
2000-0033

Chelladurai, P., and Saleh, S. D. (1980). Dimensions of leader behavior in sports:
development of a leadership scale. J. Sport Psychol. 2, 34-45. doi:10.1123/jsp.2.1.34

Coker, C. A. (2013). “Motor learning and control for practitioners with online labs,”
in Developing an understanding of the role of feedback in education. Editors
A. R. Scottsdale, H. Hathaway, and S. M. Doig 3nd Edn (Scottsdale, AZ: Teaching
and Education News).

Doig, S. M. (2001). Developing an understanding of the role of feedback in education.
Teach. Educat. News. 9 (2).

Figoni, S. F., and Morris, A. F. (1984). Effects of knowledge of results on reciprocal,
Isokinefk strength and fatigue. J. Orthop. and Sports Phys. Ther. 6 (3), 190-197. doi:10.
2519/jospt.1984.6.3.190

Fitronic (2017). Fitronic. Available at: http://fitronic.sk/en/project/fitro-dyne/.

Graves, J. E., and James, R. J. (1990). Concurrent augmented feedback and isometric
force generation during familiar and unfamiliar muscle movements. Res. Q. Exerc. sport
61 (1), 75-79. doi:10.1080/02701367.1990.10607480

Frontiers in Physiology

10.3389/fphys.2024.1329432

or seed grants. The author used GPT-4-turbo for language
refinement and grammar correction.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The handling editor EZ declared a past co-authorship with
the author.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Gross, C. T., and Canteras, N. S. (2012). The many paths to fear. Nat. Rev. Neurosci. 13
(9), 651-658. doi:10.1038/nrn3301

Jennings, C. L., Viljoen, W., Durandt, J., and Lambert, M. I. (2005). The reliability of
the FitroDyne as a measure of muscle power. J. Strength Cond. Res. 19 (4), 859-863.
doi:10.1519/R-15984.1

Jiménez-Alonso, A., Garcia-Ramos, A., Cepero, M., Miras-Moreno, S., Rojas, F. ], and
Pérez-Castilla, A. (2022). Effect of augmented feedback on velocity performance during
strength-oriented and power-oriented resistance training sessions. J. Strength Cond. Res.
36 (6), 1511-1517. doi:10.1519/JSC.0000000000003705

Kangalgil, M., and Ozgiil, F. (2018). Use of feedback in physical education and sports
lessons for student point of view. Univers. J. Educ. Res. 6 (6), 1235-1242. d0i:10.13189/
ujer.2018.060614

Keegan, R, Spray, C., Harwood, C.,, and Lavallee, D. (2010). The motivational atmosphere
in youth sport: coach, parent, and peer influences on motivation in specializing sport
participants. J. Appl. sport Psychol. 22 (1), 87-105. doi:10.1080/10413200903421267

Keller, M., Lauber, B., Gehring, D., Leukel, C., and Taube, W. (2014). Jump
performance and augmented feedback: immediate benefits and long-term training
effects. Hum. Mov. Sci. 36, 177-189. d0i:10.1016/j.humov.2014.04.007

Kellis, E., and Baltzopoulos, V. (1996). Resistive eccentric exercise: effects of visual
feedback on maximum moment of knee extensors and flexors. J. Orthop. and Sports
Phys. Ther. 23 (2), 120-124. doi:10.2519/jospt.1996.23.2.120

Koka, A., and Hein, V. (2003). Perceptions of teacher’s feedback and learning
environment as predictors of intrinsic motivation in physical education. Psychol.
Sport Exerc. 4, 333-346. doi:10.1016/s1469-0292(02)00012-2

Lee, H., Shin, J.,, Kim, D., and Park, J. (2021). Effect of verbal encouragement on
quadriceps and knee joint function during three sets of knee extension exercise. Isokinet.
Exerc. Sci. 29, 155-162. doi:10.3233/ies-203203

Lund, J. L., and Kirk, M. F. (2019). Performance-based assessment for middle and high
school physical education. Champaign, IL: Human Kinetics Publishers.

McLeod, S. A. (2020). What does effect size tell you? Simply Psychol. Available at:
https://www.simplypsychology.org/effect-size.html (accessed on April 15, 2020).

McNair, P. J., Depledge, J., Brettkelly, M., and Stanley, S. N. (1996). Verbal
encouragement: effects on maximum effort voluntary muscle: action. Br. J. Sports
Med. 30, 243-245. doi:10.1136/bjsm.30.3.243

Melzer, A., Shafir, T., and Tsachor, R. P. (2019). How do we recognize emotion from
movement? Specific motor components contribute to the recognition of each emotion.
Front. Psychol. 10, 392097. doi:10.3389/fpsyg.2019.01389

Midgley, A. W., Marchant, D. C,, and Levy, A. R. (2018). A call to action towards an
evidence-based approach to using verbal encouragement during maximal exercise
testing. Clin. physiology Funct. imaging 38 (4), 547-553. doi:10.1111/cpf.12454

Miller, W., Jeon, S., Kang, M., Song, J. S., and Ye, X. (2021). Does performance-related
information augment the maximal isometric force in the elbow flexors? Appl.
Psychophysiol. Biofeedback 46, 91-101. doi:10.1007/s10484-020-09492-x

frontiersin.org


https://doi.org/10.1123/jsep.22.1.63
https://doi.org/10.1080/026404102753576125
https://doi.org/10.1080/026404102753576125
https://doi.org/10.1519/JSC.0b013e3182133b8c
https://doi.org/10.1080/02701367.2011.10599765
https://doi.org/10.4172/2165-7548.1000350
https://doi.org/10.4172/2165-7548.1000350
https://www.slideshare.net/BamAmintao/psychological-aspects-of-physical-education-65717489
https://www.slideshare.net/BamAmintao/psychological-aspects-of-physical-education-65717489
https://doi.org/10.1177/026921559300700303
https://doi.org/10.1177/026921559300700303
https://doi.org/10.1017/CBO9780511546396.025
https://doi.org/10.3233/ies-2000-0033
https://doi.org/10.3233/ies-2000-0033
https://doi.org/10.1123/jsp.2.1.34
https://doi.org/10.2519/jospt.1984.6.3.190
https://doi.org/10.2519/jospt.1984.6.3.190
http://fitronic.sk/en/project/fitro-dyne/
https://doi.org/10.1080/02701367.1990.10607480
https://doi.org/10.1038/nrn3301
https://doi.org/10.1519/R-15984.1
https://doi.org/10.1519/JSC.0000000000003705
https://doi.org/10.13189/ujer.2018.060614
https://doi.org/10.13189/ujer.2018.060614
https://doi.org/10.1080/10413200903421267
https://doi.org/10.1016/j.humov.2014.04.007
https://doi.org/10.2519/jospt.1996.23.2.120
https://doi.org/10.1016/s1469-0292(02)00012-2
https://doi.org/10.3233/ies-203203
https://www.simplypsychology.org/effect-size.html
https://doi.org/10.1136/bjsm.30.3.243
https://doi.org/10.3389/fpsyg.2019.01389
https://doi.org/10.1111/cpf.12454
https://doi.org/10.1007/s10484-020-09492-x
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1329432

Pacholek

Moffatt, R. J., Chitwood, L. F., and Biggerstaff, K. D. (1994). The influence of verbal
encouragement during assessment of maximal oxygen uptake. J. sports Med. Phys. Fit.
34 (1), 45-49.

Morgan, K. (2019). Multisensory teaching: crossing into a new discipline. Palaestra
33 (1).

Mouratidis, A., Vansteenkiste, M., Lens, W., and Sideridis, G. (2008). The motivating
role of positive feedback in sport and physical education: evidence for a motivational
model. J. Sport Exerc. Psychol. 30 (2), 240-268. doi:10.1123/jsep.30.2.240

Nagata, A., Doma, K., Yamashita, D., Hasegawa, H., and Mori, S. (2020). The effect of
augmented feedback type and frequency on velocity-based training-induced adaptation
and retention. J. strength Cond. Res. 34 (11), 3110-3117. doi:10.1519/JSC.
0000000000002514

Neto, J. M. D,, Silva, F. B., De Oliveira, A. L. B., Couto, N. L., Dantas, E. H. M., and de
Luca Nascimento, M. A. (2015). <b>Effects of verbal encouragement on performance of
the multistage 20 m shuttle run. Acta Sci. Health Sci. 37 (1), 25-30. doi:10.4025/
actascihealthsci.v37i1.23262

Nicaise, V., Cogérino, G., Bois, J., and Amorose, A. (2006). Students’ perceptions of
teacher feedback and physical competence in physical education classes: gender effects.
J. Teach. Phys. Educ. 25, 36-57. doi:10.1123/jtpe.25.1.36

Owen, G. (2014). Trainwithpush. Available at: https://www.trainwithpush.com/
blog/you-cant-measure-what-you-cant-see-the-efficacy-of-visual-feedback-by-glen-
owen.

Pacholek, M. (2021). The effects of various stimuli on motivation and physical fitness
of physically active and non-active students. Ann. Appl. Sport Sci. 9 (4), 0. doi:10.52547/
aassjournal 954

Pacholek, M., and Zemkova, E. (2020). Effect of two strength training models on
muscle power and strength in elite women’s football players. Sports 8 (4), 42. doi:10.
3390/sports8040042

Pacholek, M., and Zemkovd, E. (2022). Effects of verbal encouragement and
performance feedback on physical fitness in young adults. Sustainability 14 (3),
1753. doi:10.3390/sul14031753

Pareja-Blanco, F., Rodriguez-Rosell, D., Sénchez-Medina, L., Gorostiaga, E. M., and
Gonzalez-Badillo, J. J. (2014). Effect of movement velocity during resistance training on
neuromuscular performance. Int. J. sports Med. 2, 916-924. doi:10.1055/s-0033-
1363985

Pérez-Castilla, A., Jiménez-Alonso, A., Cepero, M., Miras-Moreno, S., Rojas, F. J., and
Garcfa-Ramos, A. (2020). Velocity performance feedback during ballistic training:
which is the optimal frequency of feedback administration? Mot. Control 25 (1),
19-32. doi:10.1123/mc.2020-0039

Randell, A. D., Cronin, J. B., Keogh, J. W., Gill, N. D., and Pedersen, M. C. (2011).
Effect of instantaneous performance feedback during 6 weeks of velocity-based
resistance training on sport-specific performance tests. J. Strength and Cond. Res. 25
(1), 87-93. doi:10.1519/JSC.0b013e3181fee634

Reinboth, M., Duda, J. L., and Ntoumanis, N. (2004). Dimensions of coaching
behavior, need satisfaction, and the psychological and physical welfare of young
athletes. Motivation Emot. 28, 297-313. doi:10.1023/b:moem.0000040156.81924.b8

Frontiers in Physiology

10

10.3389/fphys.2024.1329432

Schunk, D. H. (1995). Self-efficacy, motivation, and performance. J. Appl. Sport
Psychol. 7, 112-137. doi:10.1080/10413209508406961

Singh, G. (2016). The influence of velocity based resistance training on neuromuscular
strength and power adaptations in semi-professional rugby union and professional rugby league
players. Auckland, New Zealand: Doctoral dissertation, Auckland University of Technology.

Smither, J. W., London, M., and Reilly, R. R. (2005). Does performance improve
following multisource feedback? A theoretical model, meta-analysis, and review of
empirical findings. Personal. Psychol. 59, 33-66. doi:10.1111/j.1744-6570.2005.514_1.x

Standage, M., Duda, J. L., and Ntoumanis, N. (2003). A model of contextual
motivation in physical education: using constructs from self-determination and
achievement goal theories to predict physical activity intentions. J. Educ. Psychol. 95
(1), 97-110. doi:10.1037/0022-0663.95.1.97

Stanton, S. J., and Schultheiss, O. C. (2009). The hormonal correlates of implicit power
motivation. J. Res. personality 43 (5), 942-949. doi:10.1016/j.jrp.2009.04.001

Strube, G., and Strand, B. (2015). Can feedback affect motivation? Oahperd J. 52 (2),
2015.

Vanderka, M., Bezdk, A., Longova, K., Krcmdr, M., and Walker, S. (2020). Use of
visual feedback during jump-squat training aids improvement in sport-specific tests in
athletes. J. Strength Cond. Res. 34 (8), 2250-2257. doi:10.1519/JSC.0000000000002634

Weakley, J., Cowley, N., Schoenfeld, B. J., Read, D. B., Timmins, R. G., Garcia-Ramos,
A, et al. (2023). The effect of feedback on resistance training performance and
adaptations: a systematic review and meta-analysis. Sports Med. 53 (9), 1789-1803.
doi:10.1007/540279-023-01877-2

Weakley, J., Wilson, K., Till, K., Banyard, H., Dyson, J., Phibbs, P., et al. (2020). Show me, tell
me, encourage me: the effect of different forms of feedback on resistance training
performance. J. Strength and Cond. Res. 34 (11), 3157-3163. doi:10.1519/JSC.
0000000000002887

Wilk, M., Golas, A., Zmijewski, P., Krzysztofik, M., Filip, A., Del Coso, J., et al. (2020).

The effects of the movement tempo on the one-repetition maximum bench press results.
J. Hum. Kinet. 72, 151-159. doi:10.2478/hukin-2020-0001

Wilson, K. M., Helton, W. S, de Joux, N. R,, Head, J. R., and Weakley, J. J. (2017). Real-time
quantitative performance feedback during strength exercise improves motivation,
competitiveness, mood, and performance. In Proceedings of the Human Factors and
Ergonomics Society Annual Meeting 1546-1550. Sage CA: Los Angeles, CA: SAGE
Publications.

Winnick, J., and Porretta, D. (2017). Adapted physical education and sport. 6th
Edition.

Zemkovd, E., Cepkova, A., Uvacek, M., and Hamar, D. (2016). A new method to assess
the power performance during a lifting task in young adults. Measurement 91, 460-467.
doi:10.1016/j.measurement.2016.05.077

Zemkova, E., Cepkovd, A., Uvacek, M., and So0s, L. U. (2017). A novel method for
assessing muscle power during the standing cable wood chop exercise. J. Strength and
Cond. Res. 31 (8), 2246-2254. doi:10.1519/JSC.0000000000001692

Zemkova, E., Jelen, M., Kovécikovd, Z., Oll¢, G., Vilman, T., and Hamar, D. (2014).
Reliability and methodological issues of power assessment during chest presses on
unstable surface with different weights. J. sports Med. Phys. Fit. 55 (9), 922-930.

frontiersin.org


https://doi.org/10.1123/jsep.30.2.240
https://doi.org/10.1519/JSC.0000000000002514
https://doi.org/10.1519/JSC.0000000000002514
https://doi.org/10.4025/actascihealthsci.v37i1.23262
https://doi.org/10.4025/actascihealthsci.v37i1.23262
https://doi.org/10.1123/jtpe.25.1.36
https://www.trainwithpush.com/blog/you-cant-measure-what-you-cant-see-the-efficacy-of-visual-feedback-by-glen-owen
https://www.trainwithpush.com/blog/you-cant-measure-what-you-cant-see-the-efficacy-of-visual-feedback-by-glen-owen
https://www.trainwithpush.com/blog/you-cant-measure-what-you-cant-see-the-efficacy-of-visual-feedback-by-glen-owen
https://doi.org/10.52547/aassjournal.954
https://doi.org/10.52547/aassjournal.954
https://doi.org/10.3390/sports8040042
https://doi.org/10.3390/sports8040042
https://doi.org/10.3390/su14031753
https://doi.org/10.1055/s-0033-1363985
https://doi.org/10.1055/s-0033-1363985
https://doi.org/10.1123/mc.2020-0039
https://doi.org/10.1519/JSC.0b013e3181fee634
https://doi.org/10.1023/b:moem.0000040156.81924.b8
https://doi.org/10.1080/10413209508406961
https://doi.org/10.1111/j.1744-6570.2005.514_1.x
https://doi.org/10.1037/0022-0663.95.1.97
https://doi.org/10.1016/j.jrp.2009.04.001
https://doi.org/10.1519/JSC.0000000000002634
https://doi.org/10.1007/s40279-023-01877-2
https://doi.org/10.1519/JSC.0000000000002887
https://doi.org/10.1519/JSC.0000000000002887
https://doi.org/10.2478/hukin-2020-0001
https://doi.org/10.1016/j.measurement.2016.05.077
https://doi.org/10.1519/JSC.0000000000001692
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1329432

	The influence of real-time quantitative feedback and verbal encouragement on adults’ performance in maximal and explosive s ...
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Instruments
	2.3 Procedures
	2.4 Data collection and processing
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


