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Abstract: Distribution of body weight is a significant factor influencing Postural Stability and is one of the measures of balance, 
to quantify the extent of deficiency in Postural Control of stroke survivors. The study aims to compare the effectiveness of 
manual guidance and knowledge of performance in healthy subjects and the objective assessed was 70 % of weight bearing skill 
on the dominant limb at three different durations of post10 minutes, post 15 days and post one month of practice.  Sixty 
subjects participated in the study and were randomly allocated into two groups and assigned the task of distributing their 
weight at a 70:30 ratios between their feet, which was tested for the ability of Retention in: Ten Minutes, 15 Days, and one 
month of practicing. Both the groups were analyzed depending on Manual Guidance and Knowledge of Performance received, 
respectively, and found to demonstrate significant differences (p<0.01). Group analysis was done using one-way ANOVA. 
These study advocates for both manual guidance and knowledge of performance as an effective mode of training the young 
healthy subject’s symmetrical weight bearing skill. However, knowledge of performance is comparatively more effective in 
retaining the learned skills as compared to manual guidance. So, in the long after term when the goal is long term, utilization of 
knowledge of performance will prove more effective in motor skill training. 
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1. INTRODUCTION 

 

Motor Learning describes a combination of internal 
processes which is associated with practice or experience 
leading to relatively permanent changes in motor behavior1.. 

The motor learning process involves Acquisition, Retention, 
and Transfer which are the three main phases of learning. In 
the rehabilitation process principles of motor, learning can 
serve the therapist to promote the client’s motor skills 
improvement, in which feedback plays the key influential 
role, second to practice2,3. Feedback is the information 
received because of performance4. Feedback enforces 
learning a new task, improves the performance of the newly 
learned task, and decreases tasks tiring reports. Individuals 
reported that tasks are more motivating to perform and 
inspiring to learn using feedback4. Quantitative feedback 
proved to flash greater accuracy as compared to qualitative 
feedback or no feedback5,6,7. Feedback delivered 
concurrently with performance of motor skills may result in 
greater accuracy of results than the feedback that is delayed, 
depending on the type of task 5-9. Closed-loop and open-
loop Modes of Maroramral describe the mechanism of 
normal movement10-13. A closed-loop feedback system relies 
on the recognition and correction of errors in performance. 
Open-loop system of movements a set of pre-structured 
commands that execute movement without peripheral 
feedback 14-17. The clues provided within a person because 
of a movement is called Intrinsic feedback, whereas Extrinsic 
feedback is the information received from an external 
source and this information can be provided while 
performing or at the completion of a task18,1. Knowledge of 
results (KR) and knowledge of performance (KP) are two 
beams of extrinsic feedback4. KP emphasizes the 
consequence of a movement with respect to a goal and 
describes movement patterns used for goal achievement1 

whereas KR provides feedback which often occurs at the 
completion of a task. An amalgamation of both KR and KP 
feedback will prove beneficial for learning different new 
tasks19. Knowledge of performance is a type of augmented 
feedback where the subject’s performance outcome is 
bettered by improving one's movement characteristic 
information. The modes of imparting knowledge of 
performance are both verbal and non-verbal where the 
subject is led by guidance programmed by the instructor 
verbally or non-verbally, the most effective of which is by 
showing the subject performing the skill. Knowledge of 
performance is utilized in scenarios where: (a) the task has a 
standard movement characteristic; (b) improvement is 
sought in undertaking a specific complex set of movements; 
(c) definitive muscle activity is required; (d) knowledge of 
result cannot satisfy the requisite feedback14.The literature 
suggests that simultaneously given feedback is a strong 
performance variable but a weak learning variable. Some 
studies have shown the long-term benefits of practice with 
concurrent feedback, yet this type of feedback is often 
utilized by physical therapists for the training of sensory-
motor skills. Thus, there is a discrepancy between what the 
motor learning literature suggests about the optimal 
scheduling of feedback and what is currently used in 
practice15. Moreover, most of the studies discussed the 
knowledge of results and their i impact, so attributing the 
lack of studies to analyze the efficiency of knowledge of 
performance in playing as efficient extrinsic feedback formed 
the basis of the need for this study to be conducted.  Body 
weight distribution appears to be a significant factor 

influencing balance and stability of posture. It measures 
effectively in stroke patients the extent of deficiency in 
postural control16. Based on theoretical predictions, manual 
guidance and knowledge of performance would bring the 
practice under conditions of post- response feedback which 
would be more detrimental for immediate performance but 
beneficial for longer-lasting learning than practice under a 
condition of concurrent feedback. The relearning of postural 
control through external visual and auditory biofeedback is 
an effective therapy for improving balance control 17,18,19. The 
objective of this study is to compare the effect of manual 
guidance and knowledge of performance on reducing the 
weight-bearing error percentage in different periods, that is 
post 10 minutes, 15 days, and one month by using a 
bathroom scale in healthy young subjects.  
 
2. MATERIALS & METHODS 

 

2.1 Material used 
 
Bathroom scale (weighing machine), an informed consent 
form, a web cam, a laptop, a wooden platform of equal 
height to the scale and a camera were utilized in the study. 
 
2.2 Procedure 

 

The study was conducted for duration of one month. The 
study proposal has been accepted by the Ethical Committee, 
Assam Down Town University (Memo No: 
adtu/Ethics/Ph.D. Scholar/2019/009).  
 
INCLUSION CRITERIA 

 

The following subjects fulfilling the inclusion criteria were 
permitted to participate in the study: 

● Self-reported healthy subjects 
● Age group 20 to 30 
● Both male and female subjects. 
 
EXCLUSION CRITERIA 

 

The subjects having any of the following issues were 
excluded from participating in the study: 

● Lower extremity musculoskeletal injuries 
● Cardiovascular and metabolic disorders 
● Orthopedic limitation  
●  Visual problems 
● Auditory problems  
●  Diagnosed neurological problems including balance and 

proprioceptive dysfunction 
 
Eighty-nine subjects expressed their interest to be the 
participant in the announced study. Twelve subjects were 
eliminated during the screening procedure. Seventeen 
subjects were withdrawn due to our postings. Random 
allocation of the remaining sixty subjects was done by closed 
envelope method in two groups including 33 females and 27 
males whose ages ranged from 20 - 30 years. 30 subjects 
were assigned in Group A and were given manual guidance 
(MG) exercise program (Mean age 19.66 and standard 
deviation of 3.26.) and 30 subjects in Group B, were 
provided with visual knowledge of performance (KP) 
exercise program (Mean age of group B was 19.86 and 
standard deviation of 3.33). The subjects were briefed about 
the purpose, the experiments, the potential discomforts, the 
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risks, and the procedures to be employed in the 
experiment. Prior to participation, all the subjects read and 
signed institutional review board-approved consent forms. 
The study was conducted in a non-distractible zone. Two 
groups were created based on the type of behavioral 
information for learning (manual guidance and visual 
knowledge of performance). During the training, period 
subjects were asked to maintain their current activity level 
and not to start any new or strenuous work and if any 
problem is faced during this period, he/she should 
immediately bring it to the researcher’s attention and can 
stop the training or the study at any point. A pretest and 
retention phase of the experiment was used to examine the 
performance of the two groups. The task assigned to the 
subjects was to learn to bear 70% of their body weight on 
their dominant side foot and distribute the weight between 

their feet at 70:30 ratios. The subjects were initially weighed 
on a large analog bathroom scale. Body weight was divided 
by two to get a single limb-bearing weight. In that 70 % 
weight was calculated20. During the pretest phase, the 
subjects remained with their dominant foot on the 
bathroom scale and with the other foot on the wooden 
stage equivalent stature to the scale. The subjects were 
needed to finish 5 sets of 12 trials throughout which they 
tried to place 70 % of the body weight on the scale for a 
minimum of five seconds. Instruction was given to 
participating subjects to look straight in order that they 
were prevented to see the scale. Any kind of feedback was 
not provided to the subjects in either group during the pre-
test.  The 12th trial was analyzed and the error percentage 
was calculated by using the following formula. 

 
Error percentage 

 

Error = 70 % of the Body Weight – Weight during the 12th trail 
Error percentage = (Error / 70 % of the Body Weight) x 100 
 
The pretest phase was followed by the acquisition phase in 
which the subjects of both the groups performed 5 blocks 
of 12 trials. Between each trial, five-second rest was given, 
and similarly between each trial block 30 second rest was 
given. Previous to the practice sessions, the subjects were 
notified of their goal of learning the 70% weight-bearing skill 
and were reminded that they will be tested in the retention 
phase of the experiment post 10 minutes, post 15 days and 
post one month. Knowledge of Performance group subjects 
received the visual feedback through the monitor placed 
before them and had to correct the error based on this 
visual feedback, while subjects in the Manual Guidance group 
were moved to the position required to generate 70% 
weight on the dominant foot. During the experiment on the 
knowledge of the performance group, the trainer (1) sat 
beside the subject.  A webcam was fixed ahead of the 
bathroom scale and was connected to the laptop which was 
kept at the level of the direct view of the subject.  The 
subject was then asked to perform 5 sets of 12 trials and 
receive the visual feedback through the monitor and correct 
the error themselves. Once the trial was completed the 
subjects resumed their symmetrical weight-bearing position. 
In the manual guidance group throughout the experiment, 
the trainer (1) remained seated behind the subject, with his/ 
her hands on either aspect of the subject’s pelvic girdle, by 
moving the pelvis laterally and positioning the subject 

unsymmetrical to regulate the error. The subject wasn’t 
provided with any reading. The trainer did corrections 
through his/ her hands and gave the feedback over the pelvis 
so that 70 % of the body’s weight was leaning on the 
dominant foot.  The position in each trial was held for a 
minimum of 5 seconds. Another trainer (2) sat in front of 
the subject to record the reading of the scale. After 12 trials 
the reading was recorded.  Error percentage was calculated. 
The first retention test was administered after a 10- minute 
rest upon accomplishment of the acquisition phase.  The 
subjects had to perform 1 set of 12 trails without any 
guidance during this phase.  12th reading was taken for 
calculating the error percentage. A second retention test 
was performed after 15 days.  3rd retention test was 
performed after one month.  Prior to every retention test, 
the goal of reproducing 70 % of the body weight that they 
had learned was religiously reminded to the subjects. 
 
3.  RESULTS 

 

Data were analyzed using the Statistical package for social 
sciences (SPSS 21.0 version) and p<0.05 was considered 
significant and p<0.01 was considered highly significant. 
Within-group analysis (pre-post analysis) was done by using 
paired “t” test. 

 

Table 1: Within Group Analysis for Manual Guidance Group 

Duration Mean ± Standard Error Mean P Value Significance 

Pre Post 

10 Min 14.04±0.61 7.38±0.52 0.00 Highly Significant 

15 Days 14.04±0.61 8.80±0.54 0.00 

1 Month 14.04±0.61 11.53±0.51 0.00 
P<0.01; n=60 

 

Table 1 illustrates that groups that received manual guidance demonstrated significant changes (p<0.01) in attaining 70% ofthe 
weight on their dominant lower limb. This result signifies that the Manual guidance technique is effective in reducing the error 
percentage and serves a great tool for learning weight bearing skill. 
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Table 2: Within Group Analysis for Knowledge of Performance group 

Duration Mean ± standard error mean P value Significance 

Pre Post 

10 min 12.28±0.82 2.57±0.35 0.00  
Highly significant 15 days 12.28±0.82 4.36±0.35 0.00 

1 month 12.28±0.82 8.95±0.47 0.00 
P<0.01; n=60 

 

Table 2 illustrates that group that received knowledge of performance demonstrated significant changes (p<0.01) in attaining 
70% of weight on their dominant lower limb. This result signifies that knowledge of performance technique is effective in 
reducing the error percentage and serves as a great tool for learning weight bearing skill. 
 

Table 3 : Anova Analysis 

Manual Guidance Sum Of Squares dF Mean Square F Value P Value Sig. 

Between Group 786.825 3 262.275  
28.915 

 
.000 

 
Highly significant Within Group 1052.202 116 9.071 

Total 1839.028 119 

 

Knowledge of Performance Sum of Squares dF Mean Square F Value P Value Sig. 

Between Group 1748.606 3 582.869  
67.374 

 
.000 

 
Highly significant Within Group 1003.539 116 8.651 

Total 2752.145 119 
P<0.01; n=60 

 

Table 3 Between group analyses was done by using one-way ANOVA. The table illustrates that there was a significant 
difference in Manual guidance and Knowledge of Performance in between group analysis (p<0.01) of pre and post mean 
differences. 
 

Table 4: Bonferroni Analysis 

Independent Variables Duration (I) Duration (J) Mean Difference(I-J Std Error Sig 

 

 

 

 

 

 

Manual Guidance 

1.00 2.00 6.66500 .77763 .000 

3.00 5.23867 .77763 .000 

4.00 2.51000 .77763 .010 

2.00 1.00 -6.66500 .77763 .000 

3.00 -1.42633 .77763 .415 

4.00 -4.15500 .77763 .000 

3.00 1.00 -5.23867 .77763 .000 

2.00 1.42633 .77763 .415 

4.00 -2.72867 .77763 .004 

4.00 1.00 -2.51000 .77763 .010 

2.00 4.15500 .77763 .000 

3.00 2.72867 .77763 .004 

 

 

 

 

 

 

Knowledge Of Performance 

1.00 2.00 9.711000 .759438 .000 

3.00 7.920000 .759438 .000 

4.00 3.327667 .759438 .000 

2.00 1.00 -9.711000 .759438 .000 

3.00 1.42633 .759438 .120 

4.00 -6.383333 .759438 .000 

3.00 1.00 -7.920000 .759438 .000 

2.00 1.791000 .759438 .120 

4.00 -4.592333 .759438 .000 

4.00 1.00 -3.327667 .759438 .000 

2.00 6.383333 .759438 .000 

3.00 4.592333 .759438 .000 
P<0.01; n=60 

 

Table 4 illustrates the further analysis of data using 
Bonferroni post hoc test to find out the significance among 
the durations. In both Manual Guidance & Knowledge of 
Performance, pre values showed significant changes (P<0.01) 
with post 10 minutes, post 15 days.  But post 15 days’ value 
of Manual Guidance was less significant (P = 0.01) when 

compared to Knowledge of Performance (P<0.01). Post 10 
minutes showed no significant changes with post 15 days in 
Manual Guidance (P = 0.415) & Knowledge of Performance 
(P = 0.120).  But post one month showed significant changes 
(P<0.01) in both the groups. Knowledge of Performance’s 
post 15 days showed (P<0.01) better difference than the 
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Manual Guidance post 15 days Knowledge of Performance 
(P = 0.004). But post one month with post one-month value 
of Manual Guidance was less significant (P = 0.01) when 
compared to Knowledge of Performance (P<0.01). 
Comparison between Pre, post 10 minutes and post 15 
days’ values of Manual Guidance and Knowledge of 
Performance groups exhibited significant difference (p< 
0.01). There was a notified significant difference between 10 
minutes and after one month values in Manual Guidance 
with p value 0.000 proved. In both Manual Guidance and 
Knowledge of Performance the pre and post one month 
values also yielded significant results with p value of 0.010, 
0.000 respectively, but showed increase in the error rate in 
Manual Guidance group when compared to Pre, post 10 
minutes and post 15 days’ values of the same. The post 10 
minutes and post 15 days’ results showed insignificant 
difference, p value was 0.415 and 0.012 in Manual Guidance 
and Knowledge of Performance respectively, which suggests 
that there is no much difference in the decrease in error 
rate in post 10 minutes and post 15 days’ result and both 
the groups bears the same level of retention of weight 
bearing capacity. When Manual Guidance and Knowledge of 
Performance values were compared the values of 
Knowledge of Performance showed that the rate of error 
was subsequently less in pre and post one-month analysis 
with p value of 0.000 when compared to the Manual 
Guidance with p value of 0.010. In the same way Manual 
Guidance and Knowledge of Performance showed 
insignificant difference between post 10 minutes and post 15 
days’ value, but in that too Knowledge of Performance was 
found with less rate of error and more retention capacity, 
having the p value of 0.120 compare to Manual Guidance 
with p value of 0.415. This analysis suggests Knowledge of 
Performance group to have more retention capacity than 
Manual Guidance. 
 

4. DISCUSSION 
 

This research undertook studies involving the essential 
effects of augmented feedback techniques during acquisition 
phase and skilled retention phase in learning of weight-
bearing ability. Similarly, Winstein C, and Wulf G have 
concluded that manual guidance aids in acquisition phase 
performance but couldn’t build the end in retention phase 
performance21,22. Equally Salmoni AW, Winstein CJ and Park 
et al did the study in higher frequencies of Knowledge of 
Result and have additionally found that learners who are 
being guided throughout acquisition phase and nevertheless 
appeared to be counterproductive in learning of motor skill 
23-25. This study exhibited an apparent guidance outcome of 
both Knowledge of Performance and Manual Guidance as 
both the groups after practice minimized their error rate 
from values observed prior to testing.  Evidently, the 
knowledge of Performance group provided the best level of 
guidance in achieving the required goal as the group 
participants were concurrently visually guided to less error 
stage than the physically guided group manual guidance.  In 
Ben's sideway study similar results were found. It analyzed 
the outcome of training knowledge of results and the 
manual guidance.  This study further divided the group into 
33 % and 100 % among the knowledge of results and manual 
guidance20.  Present study dealt with the knowledge of 
performance and manual guidance. So we couldn’t conclude 
the results of knowledge of performance training.  Very few 
studies only showed the results of knowledge of 
performance but they investigated the neurological deficits. 

The results showed increased error during the retention 
phase with further elapsing of time, viz. 15 days and one 
month in both the groups. At 15 days the knowledge of the 
performance group showed significantly reduced level of 
error than the Manual Guidance group, but at one month 
both the groups showed similar results. It showed in the 
long term the learning pattern didn’t have any effect over 
another group. Both the training methods showed 
significantly less error comparative with the acquisition 
phase. But among the groups there were no differences. So 
long term learning goals should consider the available 
training methods. But Ben's sideway study showed significant 
reductions throughout the retention phase in Manual 
Guidance and Knowledge of Results25.  This showed 
knowledge of results might be a good solution for long term 
effects.  Unless there would be no definite comparative 
studies between knowledge of results and knowledge of 
performance, it will be difficult to conclude the finding and 
compare with the study. During the course of this study 
comprehensible variations were found in weight bearing 
learning ability as both the types of feedback were provided 
throughout. The study absolutely mandated for all 
participants to be with none of the impairment. Since there 
was no relatable underlying muscle weakness within the 
subjects designated so any plan to conceptualize the present 
findings with neurological patients’ needs to be done with 
consideration. In previous years’ principles of motor 
learning supported analyzing healthy subjects, 
furthermore the utilization of various kind of feedback 
methods have together been found beneficial for 
neurological patient 26-29. One of the study it was observed 
Knowledge of Result and Knowledge of Performance was 
advantageous in improving teaching activities in hemiplegic 
patients28, whereas balance training using visual feedback of 
stance and gait symmetry showed improvement in children 
with cerebral palsy27,29. There are a variety of researches 
that have examined the effectiveness of feedback in weight 
distribution symmetry after stroke 30-36. Among the wide 
range of techniques utilized in these studies, it has been 
often found that augmented feedback is potent in reducing 
weight-bearing asymmetry. The subjects involved in the 
study were young adults; it’s probable that a constant trend 
of results might be found in an age provided with similar 
kind Knowledge of Performance. This prediction relies on 
the actual fact that analysis has typically showed effects of 
augmented feedback on motor learning are alike in adults 
37,38. However, there is insufficient evidence of usage of 
Manual Guidance on older adults making it less possible to 
hypothesize. The study consisted of a session of learning, 
consisting of 5 sets of 12 practice trials. Multiple sessions of 
practice is utilized in learning a motor skill. However, the 
experiment did not showcase the effect of usage of multiple 
sessions of learning technique on learning capabilities. 
Further it is noted that retention findings of basic motor 
learning principles after multiple sessions replicate that after 
a single day of practice39,40,41. However extensive studies of 
long-term practice with the techniques enumerated needs 
to be undertaken before such a conclusion can be 
hypothesized. 
 

5. CONCLUSION 

 

Feedback plays a key influential role in training motor skills. 
This study advocates for both manual guidance and 
knowledge of performance as an effective mode of training 
the young healthy subject’s symmetrical weight bearing skill 
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thus improving their balancing skill. However, the data 
suggests knowledge of performance is comparatively more 
effective in retaining the learned skill as compared to manual 
guidance. So in the long term when the goal is long term, 
utilization of knowledge of performance will prove more 
effective in motor skill training.   
 
6. LIMITATION OF THE STUDY 

 

The study investigated only a Specific age group. Thus, 
variations in findings under the influence of age could not be 
studied. Subjects were not assessed for any psychological 
stress or sleep deficit which might have affected the training 
sessions. 
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