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Abstract

Background Augmented feedback is often used during resistance training to enhance acute physical performance and has
shown promise as a method of improving chronic physical adaptation. However, there are inconsistencies in the scientific
literature regarding the magnitude of the acute and chronic responses to feedback and the optimal method with which it is
provided.

Objective This systematic review and meta-analysis aimed to (1) establish the evidence for the effects of feedback on acute
resistance training performance and chronic training adaptations; (2) quantify the effects of feedback on acute kinematic
outcomes and changes in physical adaptations; and (3) assess the effects of moderating factors on the influence of feedback
during resistance training.

Methods Twenty studies were included in this systematic review and meta-analysis. This review was performed using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Four databases were searched,
and studies were included if they were peer-reviewed investigations, written in English, and involved the provision of feedback
during or following dynamic resistance exercise. Furthermore, studies must have evaluated either acute training performance
or chronic physical adaptations. Risk of bias was assessed using a modified Downs and Black assessment tool. Multilevel
meta-analyses were performed to quantify the effects of feedback on acute and chronic training outcomes.

Results Feedback enhanced acute kinetic and kinematic outputs, muscular endurance, motivation, competitiveness, and
perceived effort, while greater improvements in speed, strength, jump performance, and technical competency were reported
when feedback was provided chronically. Furthermore, greater frequencies of feedback (e.g., following every repetition)
were found to be most beneficial for enhancing acute performance. Results demonstrated that feedback improves acute bar-
bell velocities by approximately 8.4% (g =0.63, 95% confidence interval [CI] 0.36-0.90). Moderator analysis revealed that
both verbal (g=0.47, 95% CI 0.22-0.71) and visual feedback (g=1.11, 95% CI 0.61-1.61) were superior to no feedback,
but visual feedback was superior to verbal feedback. For chronic outcomes, jump performance might have been positively
influenced (g=0.39, 95% CI —0.20 to 0.99) and short sprint performance was likely enhanced (g=0.47, 95% CI 0.10-0.84)
to a greater extent when feedback is provided throughout a training cycle.

Conclusions Feedback during resistance training can lead to enhanced acute performance within a training session and
greater chronic adaptations. Studies included in our analysis demonstrated a positive influence of feedback, with all outcomes
showing superior results than when no feedback is provided. For practitioners, it is recommended that high-frequency, visual
feedback is consistently provided to individuals when they complete resistance training, and this may be particularly useful
during periods of low motivation or when greater competitiveness is beneficial. Alternatively, researchers must be aware of
the ergogenic effects of feedback on acute and chronic responses and ensure that feedback is standardised when investigat-
ing resistance training.
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When feedback is provided during resistance training,
kinetic and kinematic outputs are enhanced, with barbell
velocity significantly increasing by approximately 8.4%
(g=0.63, 95% confidence interval [CI] 0.36-0.90). Fur-
thermore, improvements in motivation, competitiveness,
muscular endurance, and perceptions of effort have been
reported to occur.

When feedback was supplied chronically across a train-
ing cycle, all studies demonstrated greater improvements
in physical qualities (e.g., maximum strength) compared
with when feedback was not provided. Furthermore, the
meta-analytical outcomes indicated that jump (g=0.39,
95% CI —0.20 to 0.99) and short sprint performance
(g=0.47,95% CI 0.10-0.84) may have small but mean-
ingful greater improvements when feedback is consist-
ently provided.

Feedback during resistance training is most effective
when it is supplied with a high frequency (e.g., following
each repetition). The moderator analysis showed no sta-
tistically significant difference in the effects of feedback
when high or low loads were used, lower or upper body
exercises were implemented, mean or peak velocity was
supplied, or single or multiple sets were completed. Fur-
thermore, while verbal and visual feedback were superior
to no feedback, visual feedback had a statistically greater
effect on acute performance than verbal feedback.

1 Introduction

Resistance training plays an important role in health and
physical performance [1-3]. It can increase lean body mass,
strength, and power [4-6], while also decreasing the risk of
numerous diseases [2]. When prescribing resistance training,
acute programming variables such as intensity, volume, and
rest time are often carefully considered as they can influence
acute performance and subsequent physical adaptations [7].
For example, the external load that is used during resistance
training can alter the kinetic and kinematic outputs (e.g.,
velocity, power) of an exercise [6, 8, 9] and, if an individual
is consistently exposed to heavier or lighter loads, can alter
the adaptative response (e.g., strength) [10]. However, an
additional consideration that may substantially influence the
kinetic and kinematic outputs and subsequent adaptations
that occur is the type and amount of feedback that is pro-
vided to an individual during resistance training. While there
are various types and forms of feedback (with interested

readers directed to the review by Salmoni et al. [11]), the
focus of this review is augmented feedback (referred to as
‘feedback’ henceforth), which can be defined as feedback
from an external source which provides information regard-
ing the result of performance of a task [12].

The provision of feedback during resistance training can
have several acute benefits. These include increased bar-
bell kinetic and kinematic outputs [13, 14], improvements
in muscular endurance [15], and changes in perceptions of
motivation and competitiveness [16]. Furthermore, feed-
back can reduce the perception of effort that an individual
reports during exercise [16]. However, there remains uncer-
tainty regarding whether feedback is most beneficial with
light (e.g., <50% of one repetition maximum [1RM]) or
heavy loads (e.g., >50% 1RM), which measure has the
greatest influence (e.g., mean vs peak velocity), the opti-
mal frequency of feedback, and whether different exercises
(e.g., ballistic vs non-ballistic; upper vs lower body) benefit
more from its use. For example, Pérez-Castilla et al. [17]
demonstrated that feedback of concentric barbell velocity
following every repetition may be more beneficial for the
production of concentric barbell velocity and power than
when it is provided at the end of a set. Alternatively, Jimé-
nez-Alonso et al. [18] suggested that the verbal provision
of barbell velocity feedback after each repetition may have
greater impact during strength-oriented resistance training
compared with ballistic resistance training due to changes
in motivation, competitiveness, and a shift in the focus of
attention from an internal to an external source of informa-
tion. Consequently, while feedback appears to enhance the
quality of training through an increase in barbell velocity,
there is still uncertainty surrounding its implementation and
the optimal methods of delivery.

As the provision of feedback appears to have beneficial
effects on acute performance, several studies have inves-
tigated its effects on changes in physical qualities when it
is provided throughout a resistance training programme
[19-23]. These studies have demonstrated a broad range
of positive adaptations, with data indicating that changes
in strength, speed, and power are greater when feedback
is chronically supplied across a training programme. For
example, Weakley et al. [22] demonstrated greater changes
in sprint performance in semi-professional rugby union
players compared with a training control group when feed-
back was provided across each repetition of all exercises
(Cohen’s d effect size [ES]: 0.40 +0.21). Additionally,
Nagata et al. [19] highlighted the benefits of frequent feed-
back throughout a training mesocycle on the development
and retention of loaded jump performance in university-
level rugby union athletes. Despite promising results, the
chronic effects of feedback on training outcomes are still
poorly understood, as studies that have investigated its
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effects on changes in physical qualities often suffer from
small sample sizes and limited outcome measures. Con-
sequently, to assess the effectiveness of feedback during
resistance training, meta-analysing outcomes across train-
ing studies may help establish whether consistent use of
feedback can provide a tangible benefit beyond training
that does not have feedback. This is particularly important
as no review has collated and quantified the acute and
chronic effects of feedback in resistance training. Thus, the
aim of this systematic review and meta-analysis is three-
fold: (1) to establish evidence for the effects of feedback
on acute resistance training performance and chronic train-
ing adaptations; (2) to quantify the effects of feedback on
acute kinematic outcomes and changes in physical adapta-
tions; and (3) to assess the effects of a range of moderat-
ing factors (e.g., load, body region) on the influence of
feedback during resistance training.

2 Methods
2.1 Search Strategy

Consistent with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines for systematic reviews [24], the academic databases
SPORTDiscus, CINAHL, Scopus, and MEDLINE were
systematically searched in August 2022 to identify Eng-
lish-language peer-reviewed original research studies that
investigated the effects of feedback during resistance train-
ing on acute performance outcomes and chronic adapta-
tions. Due to differences in database design, studies were
identified by searching ‘abstracts, titles, and key words’
in Scopus; ‘All Text’ in SPORTDiscus and CINAHL, and
‘All Fields’ in MEDLINE. The search strategies for each
database can be found in Electronic Supplementary Mate-
rial (ESM) File S1. Medical Subject Headings (MeSH)
were not used when searching the MEDLINE database
and all search results were extracted and imported into
a reference manager (Covidence, Veritas Health Innova-
tion, Melbourne, Australia). A systematic review protocol
that includes the review question, search strategy, exclu-
sion criteria, and risk of bias assessment was registered
on August 24, 2022, with the Open Science Framework
(osf.io/9hnrx).

2.2 Selection Criteria

All duplicate studies were removed automatically by Covi-
dence, and the titles and abstracts of all remaining studies
were independently screened for relevance by two research-
ers (J.W. and N.C). Studies that clearly did not meet the

inclusion criteria were removed. Disagreements were
resolved through discussion or via an additional researcher
(T.M.). The full texts of the remaining studies were then
assessed for eligibility. To be eligible for inclusion, stud-
ies were required to (1) be original research investigations;
(2) be full-text articles written in English; (3) be published
in a peer-reviewed academic journal; (4) be an investiga-
tion into healthy humans; (5) involve a form of augmented
feedback (e.g., visual or verbal) of performance during or
following dynamic resistance exercise; (6) report changes in
acute performance responses (e.g., velocity, power, total ton-
nage [kg]) or physical adaptations (e.g., change in strength,
sprint performance); and (7) involve an external load that
is > 1 kg due to the specific focus on resistance training.
If it was deemed that a study did not meet the inclusion
criteria, it was excluded from the analysis. The reference
lists of all full-text screened studies were manually searched
for any studies that were not retrieved in the initial search
(i.e., ‘backwards searching’). Additionally, any articles that
cited the full-text screened studies were searched (i.e., ‘for-
wards searching’). If any studies were identified as possibly
being eligible for inclusion, they were subjected to the same
assessment as previously described.

2.3 Data Extraction and Coding of Outcomes

After determining which studies met the inclusion crite-
ria, two researchers (J.W. and N.C.) separately coded the
following variables for each study: authors, title and year
of publication, sample size, sex, feedback type, feedback
frequency, exercises used, loads used and method of quanti-
fication (e.g., kilograms, percentage of one repetition maxi-
mum [1RM]), number of sets/reps, kinetic and kinematic
outputs, description of the training intervention (duration,
intensity, frequency, modality, and type of feedback used),
test of physical performance, and mean and standard devia-
tion of physical performance test pre- and post-study. In
cases where data were not reported numerically, data were
extracted from graphs via WebPlotDigitizer, or the study’s
authors were contacted. Coding was cross-checked between
reviewers, with any discrepancies resolved by mutual con-
sensus. Consistent with the guidelines of Cooper et al.
[25] and used within previous sport science literature [26],
30% of the included studies were randomly selected for re-
coding to assess for potential coder drift. Agreement was
calculated by dividing the number of variables coded the
same by the researchers by the total number of variables.
Acceptance required a mean agreement of 0.90 to avoid re-
extraction entirely, and after this was met, only those with
differing codes were checked and updated. Extracted data
were also double-checked by a third researcher (T.M.) prior
to analysis.
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2.4 Assessment of Reporting Quality

The reporting quality of the research was assessed using a
modified version of the Downs and Black checklist [27].
This method is valid for assessing the methodological report-
ing quality of intervention study designs and has been used
extensively in systematic reviews pertaining to sport science
[28-30]. Not all assessment criteria were applicable to the
studies used in this review; thus, 17 of the 27 criteria were
used. These questions can be found in ESM File S2. Study
reporting quality was assessed against 17 items, scored as
either ‘0’ (unable to determine, or no) or ‘1’ (yes). In total,
a score of 17 was indicative of the highest study reporting
quality. Values were interpreted on a continuum, with higher
scores indicating greater reporting quality.

2.5 Quantitative Synthesis

Analyses were performed using R version 4.0.5 and RStu-
dio Version 2022.07.2+ 576 [31], effect sizes were calcu-
lated using the esc package [32], and meta-analyses were
performed using the metafor package [33]. Pooled Hedges’
g effect sizes were interpreted according to conventions of
Cohen [34]: 0.2 (small), 0.5 (moderate), 0.8 (large), > 1.0
(very large). Pooled effects were reported with 95% con-
fidence intervals and 95% prediction intervals. Statistical
significance was indicated by 95% confidence intervals that
did not cross zero.

To quantify the acute effects of feedback on perfor-
mance, changes in mean and peak velocity output were
assessed. This was due to the well-established relation-
ship between load and velocity and the common prac-
tice of monitoring velocity to quantify changes in physi-
cal capacity [35-38]. It should be noted that other acute
outcome measures (e.g., volume load [kg]) which could
not be meta-analysed are included within the systematic
review portion of this manuscript. For the quantitative
assessment of the acute effects of feedback, sample size
and mean (M) and standard deviation (SD) outcomes for
the feedback and control groups were used to calculate
Hedges’ g effect sizes. Effect sizes were calculated such
that positive values would indicate improved performance
for the feedback group. Multiple effects were extracted
for each study, and therefore effects were not independ-
ent. Consequently, multi-level meta-analyses were used
to account for the nested data structure [39, 40]. Further,
the Hartung—Knapp-Sidik—Jonkman method was used to
estimate the variance of pooled effects as it outperforms
other methods when there are few studies or substantial
heterogeneity [41, 42]. The I? statistic was used to assess
heterogeneity of effects at the effect size (level 2) and

study (level 3) levels. Aggregated effect sizes per study
were used to assess publication bias via visual inspection
of funnel plots [43]. A series of potential moderators was
investigated, including feedback type (verbal vs visual),
load (high [i.e., >50% IRM] vs low [i.e., <50% 1RM]),
body region (lower body vs upper body), measurement
(mean velocity vs peak velocity ([i.e., the two most com-
mon forms of acute feedback within the found literature]),
and number of sets (multiple vs single sets).

To assess the chronic effects of feedback on physical
adaptations, changes in sprint and jump performance were
quantified. These physical adaptations were selected due
to their relationship with sporting performance and their
consistent use throughout the literature which allowed
meta-analysis. For the chronic effects of feedback on sprint
and jump performance, pre- to post-change in performance
was used to compare feedback and control groups. Mean
pre- to post-change (M y,,,.) Was calculated as post-per-
formance — pre-performance. Pre- to post-standard devia-
tion (SDp4nee) Was imputed using an accepted formula
[44]. Pre- to post-correlation values were not reported
by included studies, and a value of r=0.5 was therefore
used. Sample size, M yynee aNd SD 4, for the feedback
and control groups were used to calculate Hedges’ g effect
size. Effect sizes were calculated such that positive values
would indicate improved pre- to post-change in perfor-
mance for the feedback group.

Separate analyses were conducted for jump performance
and sprint performance. For jump performance, multi-
level meta-analysis was used to account for the nested data
structure. When > was > 50%, sensitivity analysis was per-
formed to investigate potential sources of heterogeneity.
Here, an outlier effect was identified (see ESM File S3)
and level 3 I>=85.8%. Therefore, the outlier effect was
removed to determine if the effect was causing the sub-
stantial heterogeneity. Removal of the outlier resulted in
acceptable heterogeneity, and therefore the model without
the outlier was retained. For sprint performance, multi-
level meta-analysis was used to account for the nested data
structure. For the included studies, sprint performance was
measured at multiple distances within a single sprint (e.g.,
10-m, 20-m, and 30-m performance measured using a sin-
gle 30-m trial [20]). Although multi-level meta-analysis
was already being used to account for correlated observa-
tions, random-effects meta-analysis using a single effect
from each study was also performed (see ESM File S4).
Results did not differ substantially from analysis includ-
ing all effects, and therefore the multi-level meta-analysis
was retained.
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3 Results
3.1 ldentification of Studies

The systematic search retrieved a total of 287 studies with
zero manuscripts found through screening of reference lists.
Seventy of the identified studies were removed as duplicates.
The titles and abstracts of the remaining 217 studies were
screened, with 38 manuscripts sought for full-text screening.
Two additional studies were found through screening of full-
text reference lists. During full text review, 20 studies were
deemed to meet the inclusion criteria with 13 demonstrating
the acute effects of feedback on resistance training perfor-
mance and seven reporting the chronic effects. The search
and screening process is outlined in Fig. 1.

3.2 Research Reporting Quality

The methodological reporting quality of the research inves-
tigating the effects of feedback on acute resistance train-
ing performance and chronic adaptations was (mean + SD)
14.5+2.3 and 12.33 +3.0, respectively (ESM File S5). Items
that were consistently not achieved included questions 10
(relating to the calculation of statistical power) and 27 (relat-
ing to all appropriate statistical values being reported).

3.3 Study Characteristics

Of the 20 studies involved in this systematic review and
meta-analysis, 13 investigated the acute effects of feedback

Identification of new studies via databases

while seven investigated the chronic effects of feedback
(refer to Tables 1 and 2, respectively). Furthermore, 15 used
only male participants [13, 14, 16-23, 45-49], two used
only female participants [50, 51], two used both males and
females [52, 53], and one study did not specify participant
sex [15].

In the acute studies, the most commonly investigated
exercises were squat [13-18, 45] and bench press variants
[13, 17, 18, 46]. However, leg extension and flexion in an
isokinetic dynamometer [50, 52, 53], Nordic hamstring curl
[47], and the leg press [S51] were also investigated. While
the majority of studies investigated the effects of feedback
following every repetition, the frequency of feedback was
also considered, with velocity outcomes being provided at
the halfway point of a set and as an average of the entire set
[17]. Furthermore, the effect of visual and verbal kinetic or
kinematic feedback was provided within each study although
the effect of visual kinematic feedback was considered with
and without additional verbal encouragement in a single
study [53]. Finally, while most free weight and machine-
based exercises dictated load as a percentage of maximum
[14-18, 45, 46], two studies used a predefined load [13, 51]
and one used body mass [47].

All studies that investigated the chronic effects of
feedback on performance were carried out across a 4- to
6-week training period [19-23, 48, 49]. Furthermore, six
of the seven studies investigated adaptations when only
providing feedback on a single exercise [19-21, 23, 48,
49], while only a single study investigated training adap-
tations when feedback was provided following each exer-
cise [22]. Three studies used only the jump squat (i.e.,

Identification of new studies via other methods

=
S
g Records identified from Records removed before screening: Records identified from:
£ Databases (n = 287) Duplicate records (n = 70) Citation searching (n = 2)
£ 9
3
Records screened Records excluded

(n=217) (n=179)
o l
E Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
H (n=38) (n=0) (n=2) > (n=0)
@

Reports excluded (non-exclusive)
Duplicate (n = 9)
Reports assessed for eligibility Wrong outcomes (n = 6) Reports assessed for eligibility Reports excluded:
(n=38) Wrong study design (n = 3) n=2) None excluded (n = 0)
Wrong setting (n= 1)
Wrong intervention (n = 1)
4

% New studies included in review |

(n=20)
S
3 [

Fig.1 PRISMA flow diagram detailing inclusion and exclusion of manuscripts
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Table 1 Summary of acute feedback studies included in the systematic review

Study Participants Feedback type(s) Exercise(s) and load(s) Outcomes
Argus et al. 2011 [13] 9 males Verbal mean velocity Bench throw at 40 kg Peak power and peak
Age:22.1+2.1 feedback following each velocity

Campenella et al. 2000 [52]

Chalker et al. 2018 [47]

Ekblom and Eriksson 2012
[50]

Hopper et al. 2003 [51]

Jiménez-Alonso et al. 2022
[18]

Jiménez-Alonso et al. 2022

[46]

Kimura et al. 1999 [53]

Ok and Bae 2019 [15]

Pérez-Castilla et al. 2020
[17]

Weakley et al. 2020 [14]

Weakley et al. 2019 [16]

Wilson et al. 2017 [45]

15 males and 15 females
Age: 254424

Feedback group 1
24 males

Age: 18.3+3.5
Feedback group 2
20 males

Age: 18.9+4.6

7 females
Age:214+1.1

Feedback group 1
8 females

Age: 18.6+1.66
Feedback group 2
8 females

Age: 21.1+1.7

15 males
Age: 20.5+3

17 males
Age:20.2+2.7

15 males and 15 females
Age: 27.3

8 (gender N/A)
Age: 21.0+0.42

15 males
Age: 19.9+2.7

12 males
Age:21.8+0.9

15 males
Age: 17.1£0.5

15 males
Age: 17.1+0.5

repetition

Visual torque graph display
after each repetition with
verbal encouragement

Visual torque graph display
after each repetition

Visual time-force output
display during each
repetition

Visual EMG feedback

Visual power output feed-
back after each repetition

Verbal mean velocity
feedback following each
repetition

Verbal mean velocity
feedback following each
repetition

Visual torque graph display
after each repetition with
verbal encouragement

Visual torque graph display
after each repetition

Visual mean velocity
feedback following each
repetition

Verbal mean velocity
feedback following each
repetition, half a set or
complete set

Verbal and visual mean
velocity feedback follow-
ing each repetition

Visual mean velocity
feedback following each
repetition

Visual mean velocity
feedback following each
repetition

Leg extension at 60 deg-s™'

Leg flexion at 60 deg-s~

Bodyweight Nordic ham-
string exercise

Leg extension at 20 deg-s™'

Leg flexion at 20 deg-s™"
45 deg. leg press at 50 kg

Bench press at 40%, 55%
and 70% 1RM

Bench press at 75% 1RM
Back squat at 75% 1RM
Bench throw at 30% 1RM
Jump squat at 30% 1RM

Leg extension at 60 deg-s™
Leg flexion at 60 deg-s™

1

Back squat at 65% and 85%

IRM

Bench throw at 30% 1RM
Jump squat at 30% 1RM

Back squat at 69.8% 1RM

Back squat at 60.5% 1RM

Back squat at 60.5% 1RM

Peak leg extension torque
and peak leg flexion
torque

Peak force and inter-limb
asymmetry

Mean torque and EMGrms

Power output

Mean velocity

Mean velocity and peak
velocity

Peak leg extension torque
and peak leg flexion
torque

Number of repetitions, total
work, volume load, peak
power, peak force, and
peak velocity

Peak velocity

Mean velocity and consci-
entiousness

Mean velocity, subjective
motivation and competi-
tiveness, and NASA-TLX

Mean velocity, subjective
motivation and competi-
tiveness, and NASA-TLX

IRM one repetition maximum, deg's~' degrees per second, EMG electromyographic, EMGrms electromyographic root-mean-square, NASA-TLX
National Aeronautics and Space Administration Task Load Index

an exercise that utilises the stretch shortening cycle) or
squat jump (i.e., an exercise that mitigates the effects of
the stretch shortening cycle) exercise [19-21], while three

studies used weightlifting derivatives [23, 48, 49]. The
countermovement jump [21, 22] and broad jump [20, 22]
were the most commonly used jump variants assessed, but
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the squat jump [21] and vertical jump (i.e., a countermove-
ment jump with an arm swing) [20] were assessed in a
single study each. Short sprint performance was quanti-
fied between distances of 0-50 m in three studies [20-22],
while three repetition maximum (3RM) strength perfor-
mance in the back squat [21, 22] and bench press [22] were
the only maximum strength exercises investigated. Finally,
peak force and power outputs across a range of submaxi-
mal loads in the power clean and snatch were assessed in
three studies [23, 48, 49].

3.4 Meta-analysis

For acute performance (Fig. 2), a moderate-strong pooled
effect was found, favouring feedback (g=0.63, 95% CI
0.36-0.90, I [total] = 16.4%). Moderator analysis (Table 3)
revealed that both verbal (g=0.47, 95% CI 0.22-0.71) and
visual feedback (g=1.11,95% CI 0.61-1.61) were superior to
no feedback, but that visual feedback was significantly better
than verbal feedback (p =0.027). Moderator analyses for load
(p=0.215), body region (p=0.089), measurement (p =0.552),

Study Intervention Exercise Load Measure Sets Control Group Feedback Group Estimate [95% CI]
n M SD n M SD
Argus et al. 2011 [13] VeK Bench throw 40kg Peak Velocity 3 9 237 0.12 9 2.40 0.09 —_— 0.27 [-0.66, 1.20]
Jiménez-Alonso et al. 2022 [18]  VeK Bench press 40% 1RM Mean Velocity 1 15 0.94 0.09 15 1.00 0.08 e 0.69 [-0.05, 1.42]
Jiménez-Alonso et al. 2022 [18]  VeK Bench press 55% 1RM Mean Velocity 1 15 0.78 0.07 15 0.80 0.06 . 0.30 [-0.42, 1.02]
Jiménez-Alonso et al. 2022 [18]  VeK Bench press 70% 1RM Mean Velocity 1 15 0.59 0.06 15 0.61 0.08 Py 0.28 [-0.44, 0.99]
Jiménez-Alonso et al. 2022 [46] VeK Bench press 75% 1RM Mean Velocity 4 17 0.44 0.07 17 0.48 0.09 - 0.47 [-0.21, 1.15]
Jiménez-Alonso et al. 2022 [46]  VeK Bench throw 30% 1RM Peak Velocity 4 17 2.28 017 17 233 0.14 ——— 0.25[-0.42, 0.93]
Jiménez-Alonso et al. 2022 [46]  VeK Jump squat 30% 1RM Peak Velocity 4 17 2.19 017 17 225 0.14 ——— 0.40[-0.28, 1.08]
Jiménez-Alonso et al. 2022 [46]  VeK Squat 75% 1RM Mean Velocity 4 17 055 007 17 059 007 e 0.56 [-0.12, 1.25]
Pérez-Castilla et al. 2020 [17] VeK Bench throw 30% 1RM Peak Velocity 3 15 224 0.15 15 231 0.11 —a— 0.57 [-0.16, 1.30]
Pérez-Castilla et al. 2020 [17] VeK Jump squat 30% 1RM Peak Velocity 3 15 220 0.16 15 227 0.18 —a 0.40[-0.32, 1.13]
Weakley et al. 2020 [14] VeK Back squat 70% 1RM Mean Velocity 1 12 0.61 0.04 12 0.65 0.03 —— 1.09[0.23, 1.95]
Ok & Bae 2019 [15] ViK Back squat 65% 1RM Peak Velocity 1 8 0.67 0.14 8 0.84 0.14 —_— 1.14[0.07, 2.20]
Ok & Bae 2019 [15] VIK Back squat 85% 1RM Peak Velocity 1 8 055  0.14 8 076 0.14 —_— 1.40[0.30, 2.51]
Weakley et al. 2019 [16] VIK Back squat 60% 1RM Mean Velocity 1 15 065 005 15 070  0.04 —— 1.07[0.31,1.84]
Weakley et al. 2020 [14] ViK Back squat 70% 1RM Mean Velocity 1 12 0.61 0.04 12 065 004 —_— 0.97[0.12, 1.81]
Model for All Outcomes L 0.63[0.36, 0.90]
Heterogeneity: I (effect) = 0%, I (study) = 16.45%, I (total) = 16.4%
[ T T T T T 1
-1 0 1 2 3 4 5

Fig.2 Forest plot demonstrating the acute effects of augmented feed-
back on velocity outputs during training. /RM one repetition maxi-
mum, 95% CI 95% confidence limit, kg kilograms, M mean velocity

Positive values favour feedback

output, n participant number, SD standard deviation, VeK verbal kin-
ematic feedback, ViK visual kinematic feedback

Table 3 Moderator analysis of

. Moderator k n Hedges'g  95% CI 95% P1 SE Weight (%)  p-value
feedback variables

Baseline 7 15 0.63 0.36t00.90 0.17 to 1.09 0.13 100

Intervention 7 15 0.027

Verbal 5 11 047 0.22t00.71 0.22t00.71 0.11 76
Visual 3 4 1.1 0.61to 1.61 0.61to 1.61 0.23 24
Load 7 15 0.215
High 5 9 071 041t01.01 0.38to 1.04 0.14 57
Low 4 6 044 0.11t00.78 0.08 to 0.81 0.16 43

Body region 7 15 0.089
Lower 5 8 0.78 047t01.09 0.47to 1.09 0.15 51
Upper 4 7 041 0.10t0 0.71  0.10t0 0.71 0.14 49

Measurement 7 15 0.552
Mean velocity 4 8 07 0.33t01.08 0.11to 1.30 0.17 56
Peak velocity 4 7  0.56 0.16t00.97 —-0.05t01.18 0.19 44

Sets 7 15 0.137
Multiple 3 7 042 0.04t00.81 —0.11t00.96 0.18 49
Single 4 8 0.82 04410120 0.29to 1.35 0.18 51
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Study Duration Test Unit Control Group Feedback Group Estimate [95% CI]
Pre Post Pre Post
n M sD M sD n M sD M sD
Weakley etal. 2019[22) 4 Broad Jump cm 12 23100 2300 24200 2200 16 22700 2300 24000 26.00 ——— 0.08[-0.67,0.83]
Weakley etal. 2019 [22] 4 Countermovement Jump cm 12 4150 510 4200 830 16 4020 810 4160 840 L 0.11[-0.64,0.86]
Randell etal. 2011[20] 6 Broad Jump cm 6 25800 2000 25900 2000 7 25000 16.00 25600 1500 - 0.26[-0.83, 1.36]
Vanderka et al. 2020 [21] 6 Countermovement Jump cm 12 4440 630 4230 630 13 4930 460 5220 510 o 0.86[0.04, 1.69)
Vanderka et al. 2020 [21] 6 Squat Jump em 12 4010 590 3900 530 13 4410 420 4680 490 ———i 0.72[-0.09, 1.53)
Randell etal. 2011[20] 6 Vertical Jump cm 6 66.00 6.00 67.00 1.00 7 61.00 6.00 64.00 7.00 —_—— 0.30[-0.79, 1.40]
Model for All Outcomes ——— 0.39[-0.20, 0.99]
Heterogeneity: I (effect) = 0%, F (study) = 24.17%, I (total) = 24.2%
I T T T T T 1
-1 0 1 2 3 4 5

Positive values indicate greater pre to post improvement for feedback group

Fig.3 Forest plot demonstrating the chronic effects of augmented feedback on jump performance. 95% Cl 95% confidence limit, cm centimetre,

M mean velocity output, n participant number, SD standard deviation

Study Duration Test Unit Control Group Feedback Group Estimate [95% CI]
Pre Post Pre Post
n M SD M sD n M SD M SD

Weakley et al. 2019 [22] 4 10m Sprint s 12 181 0.09 177 0.10 16 184 013 176 0.12 —— 0.34[-041,1.10)
Weakley etal. 2019 [22] 4 20m Sprint s 12 3.12 0.10 307 0.10 16 3.15 0.18 3.04 0.16 . 0.40[-0.36, 1.16]
Randell etal. 2011[20] 6 10m Sprint s 6 179 010 179 009 7 174 004 173 005 — e 0.13[-0.96, 1.22)
Vanderka et al. 2020 [21] 6 20m Flying Sprint s 12 235 0.10 237 0.1 13 237 0.09 230 0.09 — 0.89[0.07,1.72)
Randell etal. 2011 [20] 6 20m Sprint s 6 3.06 0.16 3.06 0.15 7 3.03 0.06 3.00 0.06 B 0.25[-0.85, 1.34]
Randell etal. 2011[20] 6 30m Sprint s 6 425 026 426 0.19 7 420 011 414 011 —— 0.37[-0.73,1.47)
Vanderka et al. 2020 [21] 6 30m Sprint s 12 429 016 427 016 13 431 015 422 014 ——— 0.44[-0.35,1.24]
Vanderka et al. 2020 [21] 6 50m Sprint s 12 664 025 664 023 13 669 023 652 022 . 0.71[-0.10, 1.52]
Model for All Outcomes —~— 0.47[0.10,0.84]
Heterogeneity: I (effect) = 0%, I (study) = 0%, I (total) = 0.0%

T T T T T T 1

-1 0 1 2 3 4 5

Positive values indicate greater pre to post improvement for feedback group

Fig.4 Forest plot demonstrating the chronic effects of augmented feedback on sprint performance. 95% CI 95% confidence limit, m metre, M
mean velocity output, n participant number, s seconds, SD standard deviation

and number of sets (p =0.137) were all statistically non-sig-
nificant. The funnel plots of aggregated effects did not reveal
evidence of publication bias (ESM File S6 and ESM File S7).

For chronic jump performance (Fig. 3), a small-moderate
pooled effect was found, but this was not statistically sig-
nificant (g=0.39, 95% CI —0.20 to 0.99, 95% PI —0.48
to 1.26, I? [total] = 24.2%). For chronic sprint performance
(Fig. 4), a moderate pooled effect was found, favouring
feedback (g=0.47, 95% CI 0.10-0.84, 95% PI 0.10-0.84,
P [total] =0%).

4 Discussion

The aims of this systematic review and meta-analysis were
to (1) establish the evidence for the effects of feedback on
acute resistance training performance and chronic training
adaptations; (2) quantify the effects of feedback on acute

Feedback during Resistance Training
Acute Effects Chronic Effects

Feedback can enhance resistance * Feedback may enhance strength and jump
training performance through increasing performance and will likely improve short
kinetic and kinematic outputs. sprint performance more than when no

feedback is provided.

High-frequency feedback (e.g., following
every repetition) is most beneficial for
enhancing acute performance.

* High-frequency feedback is more beneficial
than low frequency feedback

(e.g., following each set) or re-watching the
set for enhancing physical qualities.

Removing feedback causes performance

to return to pre-feedback levels.
e Feedback may help retain physical
qualities more than when no feedback is
provided.

Visual kinematic feedback may be most
effective.

e Re-watching the set and the provision of
visual and verbal cues may help technical
competency.

Feedback during resistance training can
enhance athlete motivation,
competitiveness and perceived effort.

Fig.5 Summary of the acute and chronic effects of feedback during
resistance training
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kinematic outcomes and changes in physical adaptations;
and (3) assess the effects of a range of moderating factors
(e.g., load, body region) on the influence of feedback during
resistance training. Of the 13 acute studies that met inclusion
criteria, our results demonstrate that regular visual or ver-
bal feedback can enhance training performance with greater
force, velocity, power, volume, and repetitions completed.
This is supported by the meta-analysis demonstrating that
participants are able to express greater velocity outputs
(g=0.63,95% CI 0.36-0.90) when provided feedback across
arange of heavy and light loads using upper and lower body
exercises.

The effects of feedback on chronic adaptations tended to
support the acute findings, with all studies reporting either
greater strength, power, speed, or lifting competency when
feedback is provided during training. The meta-analytical
outcomes suggested that the provision of feedback can pro-
vide meaningful advantages and this can manifest in supe-
rior jump and short sprint performance across a training
programme. Collectively, these findings demonstrate that
the regular provision of feedback is an effective and effi-
cient ergogenic aid that elicits improvements in resistance
training performance and can lead to superior adaptations.
Considering that feedback can easily be implemented into
training and no study shows a detrimental effect, practition-
ers who wish to maximise athlete training performance and
subsequent adaptations are strongly recommended to pro-
vide regular, ongoing visual or verbal kinetic or kinematic
feedback. Additionally, researchers should be aware of this
powerful ergogenic aid and ensure that the provision of feed-
back during resistance training research is carefully stand-
ardised. Figure 5 provides a brief overview of the effects
and considerations of feedback during resistance training.

4.1 Acute Training Responses

Of the 13 studies that investigated the effects of feedback
on acute resistance training performance, all studies dem-
onstrated a beneficial effect of feedback provision. This is
despite the fact that all studies required participants to give
‘maximal’ effort during both feedback and non-feedback
conditions. Of note, it appears that feedback is most effective
at improving acute resistance training performance when
it is provided following each repetition [17]. Furthermore,
the addition of verbal encouragement on top of visual or
verbal kinematic feedback does not appear to provide any
additional benefit [52, 53]. However, it should be noted that
when athletes are provided feedback and then it is taken
away, performance immediately returns to non-feedback lev-
els [47, 52, 53]. This agrees with previous non-loaded, plyo-
metric research by Keller et al. [54], who showed that aug-
mented feedback can cause immediate improvements in drop
jump performance that are lost once feedback is removed.

Thus, to maximise resistance kinetic and kinematic outputs,
it is recommended that practitioners provide frequent (i.e.,
following each repetition) and ongoing feedback throughout
training.

Several mechanisms have been used to explain why
improvements in resistance training performance occur
when feedback is provided. Specifically, improvements in
motivation and competitiveness have been reported to occur
when visual feedback is given [16, 45]. These changes in
psychological state have been shown to enhance velocity
and power output during both resistance training [16, 45]
and non-loaded plyometric [55] exercise. Further, feedback
during resistance training has been reported to reduce per-
ceived physical demand [16], and the reported changes in
motivation and competitiveness appear to mitigate the acute
effects of fatigue across an exercise set [15]. This can enable
athletes to complete a greater number of repetitions, and
subsequently greater volume, prior to reaching the point of
concentric failure [15]. Consequently, it is plausible that the
greater kinetic and kinematic outputs that are commonly
observed with the provision of feedback [14, 17, 18, 46] are
made possible through improved psychological state [16,
45, 55] and reductions in perceptions of physical demand
[16, 55].

The meta-analysis of acute outcomes demonstrated that
feedback causes an immediate improvement of approxi-
mately 8.4% in concentric velocity during resistance train-
ing (g=0.63, 95% CI 0.36-0.90). Mean and peak velocity
are commonly monitored during resistance training as they
are closely related to physical capacity due to their reliable
output [9, 38, 56] and linear relationship with load [57-59].
All studies showed a beneficial effect of feedback, despite
participants being asked to provide ‘maximal’ effort dur-
ing each repetition. This shows that feedback is an effective
method of enhancing physical performance during resistance
training and can cause immediate improvements in kinetic
and kinematic outputs. Greater intent and kinematic outputs
during training have been linked to enhanced physical adap-
tation in strength and power outcomes [60, 61] and these
findings help to explain the superior chronic adaptations that
have been observed throughout the literature [19, 21, 22].

The moderator analysis showed no statistical differences
in whether high (i.e., >50% IRM) or low (<50% 1RM)
loads were used, upper or lower body exercises were com-
pleted, mean or peak velocity were supplied, or whether
single or multiple sets were employed. However, visual
feedback of kinematic data was found to have a statistically
greater influence on velocity outputs than verbal feedback
(refer to Table 3). Pairing this information with findings
from Nagata et al. [19] and Pérez-Castilla et al. [17] that
demonstrated the importance of frequency of feedback (i.e.,
following every repetition) on performance, it is recom-
mended that visual feedback of mean or peak concentric
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velocity is used consistently across a range of resistance
training exercises and loads when aiming to maximise
kinetic and kinematic outputs. Furthermore, researchers
must be aware that feedback can substantially enhance per-
formance, and this should be carefully standardised when
monitoring changes in physical capacity.

4.2 ChronicTraining Responses

Seven studies have investigated the effects of feedback on
chronic training outcomes, with all interventions occurring
across 4- to 6-week mesocycles. Four studies investigated
the effects of verbal or visual feedback on changes in sprint,
jump, or maximal strength [19-22], while three used a
combination of verbal coaching cues and visual feedback to
quantify changes in performance of the power clean or power
snatch [23, 48, 49]. Similar to the studies that investigated
acute outcomes, feedback was largely found to augment
adaptations above and beyond what occurs when feedback
is not consistently provided during training. Furthermore,
no study demonstrated that feedback impaired training adap-
tations compared with a training control group. It should
also be noted that while technology (e.g., linear position
transducers, video footage) was commonly used to provide
immediate feedback, other simple methods of feedback,
such as distance jumped and sprint times, were also pro-
vided within training programmes [22]. This suggests that a
range of methods can be used within a training mesocycle to
provide feedback to athletes and that even small concerted
periods of exposure can provide substantial benefit.
Feedback was found to enhance jump performance in all
studies that assessed changes across a training programme
[19-22]. Furthermore, the meta-analysis found small, but
non-significant, increases in in jump performance across
a training mesocycle (g=0.39, 95% CI —0.20 to 0.99)
[19-22]. Tt is feasible that the larger observed improvements
in strength [21, 22] may have influenced these improvements
in jump results, as the ability to exert force is fundamental
to ballistic performance [62]. Additionally, it is likely that
the chronic exposure to greater barbell velocities, and sub-
sequently power outputs, during ballistic exercises [19-21]
allowed athletes to expose themselves to a greater training
stimulus. This reflects the acute findings of the meta-analysis
and helps emphasise that improvements in acute training
stimuli may lead to enhanced training adaptations. It should
be acknowledged that a single study [19] that assessed
changes in jump performance was removed from the meta-
analysis due to the sensitivity analysis demonstrating the
extreme nature of the findings. However, with these findings
included (ESM File S3), it was demonstrated that feedback
may promote even greater changes in jump performance.

The effects of feedback during resistance training were
clearly observed on changes in short sprint performance
(i.e., <50 m), with statistically significant small to moder-
ate improvements compared with training in the absence
of feedback (g=0.47, 95% CI 0.10-0.84). Furthermore,
due to the narrow width of the prediction intervals reported
(95% P10.10-0.84), practitioners can also be confident that
future resistance training interventions that use feedback
will induce a significant superior improvement as well. As
demonstrated within the current systematic review findings,
greater changes in strength and power were consistently
reported with the provision of feedback, and it is well estab-
lished that the ability to rapidly exert force is fundamental to
acceleration [63, 64]. Thus, it could be reasonable to specu-
late that the observed changes in strength and power under-
pinned these changes in short sprint performance. It should
be acknowledged that when outcomes were limited to a sin-
gle testing distance (i.e., 20-m distance [20-22]) (ESM File
S4), near identical findings were reported. Consequently, for
practitioners who wish to maximise acceleration and speed
in their athletes, it is strongly recommended that feedback is
consistently provided during resistance training as this will
promote greater short distance sprint adaptations.

4.3 Limitations and Future Directions

While this is the first systematic review and meta-analysis
to demonstrate the acute and chronic effects of feedback on
resistance training performance and adaptations, several
limitations and future directions should be acknowledged.
First, due to the relatively small number of studies that have
investigated the chronic effects of resistance training with
feedback on training adaptations, only jump and short sprint
performance outcomes could be assessed. Naturally, prac-
titioners are often interested in additional physical qualities
(e.g., strength) but due to the breadth of outcomes reported,
it was not possible to ascertain the effect of feedback on
these outcomes. It should be noted that despite the inability
to meta-analyse certain outcomes, findings from the system-
atic review can help guide practitioners in whether feedback
would enhance adaptations in non-meta-analysed outcomes.
For example, 3RM strength in the back squat was assessed
by both Weakley et al. [22] and Vanderka et al. [21], with
both studies demonstrating that the feedback groups had
greater improvements than their corresponding non-feed-
back groups. Therefore, these findings may still be useful for
practitioners. Second, due to the aims of the current study,
it was not feasible to investigate effects of feedback on non-
loaded plyometric outcomes. However, it is likely that com-
parable benefits occur, with previous research indicating that
there are similar improvements in acute and chronic out-
comes [54, 55, 65, 66]. Third, due to the relatively homoge-
nous nature of the participants in the chronic studies, further
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research that investigates chronic adaptations in young, old,
and female participants may be warranted to fully elucidate
the effects of feedback. Finally, further studies may continue
to investigate the effects of different forms of feedback on
acute and chronic outcomes. However, it should be acknowl-
edged that the ‘optimal’ method of feedback may be highly
dependent upon the individual. Previous research [14] has
indicated that athletes may have a preference as to the form
of feedback, and this may be influenced by personality traits
(e.g., athletes who demonstrate low levels of conscientious-
ness may benefit most from encouraging statements from a
practitioner).

4.4 Practical Applications

Findings from this systematic review and meta-analysis
demonstrate that the provision of feedback during resist-
ance training can be a potent tool for acutely enhancing
performance and chronically improving adaptations. Con-
sequently, researchers and practitioners should be aware of
its effects and how they can be used to ensure better perfor-
mance, standardisation, and training outcomes. In the acute
setting, feedback may be particularly useful to help drive
intent and enhance kinetic and kinematic outputs. In athletes
who are technically competent, this can be useful in help-
ing to enhance the stimulus that is applied and may lead to
the superior physical adaptations that have been reported
throughout the literature. Alternatively, in athletes with lim-
ited resistance training experience, some forms of feedback
(e.g., model demonstration through video) may support the
learning of complex resistance training exercises (e.g., the
power clean) and this may be useful for coaches who work
with large groups of athletes [11, 49]. Furthermore, the
provision of feedback may be useful in helping to improve
certain psychological traits that may be beneficial for per-
formance. For example, motivation and competitiveness can
be enhanced when feedback is provided. This may not only
lead to greater kinetic and kinematic outputs but may also
be useful in increasing the total volume that can be com-
pleted [15] and reducing the perceived physical demand of
the resistance training exercise [16].

When monitoring and testing athletes, however, research-
ers and practitioners should also be aware of the effects of
feedback. Due to the clear effects of feedback on acute per-
formance, common assessments of performance which are
used to monitor strength and power adaptations and guide
training prescription, such as load-velocity profiles [8, 57,
67] and maximal effort against a set load [15, 35, 68], may
be substantially altered. Consequently, when aiming to use
kinetic or kinematic data from a resistance training session
to infer changes in performance, it is strongly recommended
that feedback is standardised, as the improvements in acute
performance that are observed when feedback is provided

are often larger than the typical between-day changes in
performance that are commonly reported [29, 67, 69, 70].
An example of this could be if feedback is provided during
testing (e.g., when developing a load-velocity profile) but
not training, athletes could be perceived to be substantially
underperforming or weaker than they truly are.

The current findings demonstrate that practitioners can
confidently implement feedback into resistance training to
enhance physical adaptations. The systematic review dem-
onstrated that all physical qualities that were assessed had
larger improvements with feedback than when no feedback
was provided, and the meta-analysis demonstrated that jump
and sprint performance can be enhanced with its use. Fur-
thermore, it is important to recognise that feedback was not
found to be detrimental under any conditions and that the
improvements reported were above and beyond those that
were reported with regular, supervised training prescription
in highly trained athletes [19, 20, 22].

In practice, feedback can be provided through a range of
different methods, with the greatest benefits seen when it
is given with high frequency (i.e., following every repeti-
tion) [17, 19] and potentially when kinematic feedback is
provided visually. However, athlete preference and feasibil-
ity should take precedence when deciding how and when
feedback is provided. Despite this, a range of simple meth-
ods of giving feedback have been used within resistance
training programmes that include the provision of mean/
peak velocity, distance jumped, sprint time, and video and
coaching cues [22, 23, 48]. Thus, practitioners may wish to
selectively implement feedback during exercises that benefit
from greater kinetic and kinematic outputs (e.g., plyometric
and or exercises that require rapid force expression) or dur-
ing periods that can benefit from increased motivation and
intent.

5 Conclusions

This systematic review and meta-analysis demonstrates clear
benefits to performance and adaptation when feedback is
supplied during resistance training. In all studies within
the review, feedback was found to augment performance
and adaptation beyond that observed with no feedback and
there were no detrimental effects reported. Furthermore,
when feedback was provided, there were no statistical dif-
ferences in performance outcomes when high (i.e., > 50% of
IRM) or low loads were used, upper or lower body exercises
were assessed, or when mean or peak velocity was provided
across single or multiple sets. However, there may be slight
benefits of providing kinematic feedback visually com-
pared with verbally. From the studies included within this
review, it was apparent that the frequency of feedback was
an important consideration, with greater frequencies being
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substantially more effective for performance and adaptation
compared with lower frequencies (e.g., average set velocity).
It was clear that feedback can improve resistance training
kinetic and kinematic outputs during training beyond normal
maximal intent and these greater outputs may help drive
greater performance adaptations. While a range of physical
qualities were assessed within the literature (e.g., strength),
the meta-analysis demonstrated that changes in jump and
short sprint performance tended to be greater when feed-
back was consistently supplied. It should be noted that these
changes are above and beyond regular training responses and
demonstrate the potency of feedback to augment training
adaptations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40279-023-01877-2.
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