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Abstract 

The aim of this study is to investigate errorful and errorless training methods on detecting 

error in tracking task. 24 students of Allameh Tabataba'i University (Age = 23± 2.8 yrs.) 

were randomly selected to perform a computerized tracking test. The participants 

underwent a pre-test after being given verbal instructions and were divided into two 

groups of errorful and errorless training according to the test results. The errorless 

training group, during task performance, saw the target path and the path they were 

tracking as a diagram and detected errors according to the difference between the two 

paths. But the errorful training group attained the task goal by trial-and-error. Each group 

underwent 30 tests in 3 seperate sessions with a recovery period of 24 h in-between. The 

results showed the significant effect of errorful and errorless training on the progress of 

detecting errors in acquisition and retention stages of tracking task. Furthermore, a 

significant difference has been identified between the effects of errorful and errorless 

training methods on the acquisition and retention of tracking task. This difference was in 

favor of the errorless training group and this group's progress in detecting errors was 

more than the errorful training group. The results showed that in addition to the influence 

of errorful and errorless training methods on detecting error in tracking task, there is a 

difference between the effect of these methods in detecting error and the errorless 

training method has a more positive effect on participants' error detecting ability in the 

tracking task. 
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Introduction 

Motor learning is rather permanent changes in motor behavior which is gained through 

experience or training and leads to rather sustainable changes in the ability to perform 

tasks professionally(1). Making a person more capable of assessing this motor behavior is 

one benefit of training. This means that by training, the subject improves the ability to 

detect errors with which he can replace augmented feedback and identify the error in his 

behavior in this way. In fact, the ability to detect errors is a type of ability to utilize 

internal feedback information for detecting the amount of motor error. In other words, the 

learned ability to detect errors which is gained through the analysis of feedback from the 

response is called error detection capability. The general procedure for obtaining error 

detection capability is being sensitive to the response feedback(2). 

Another subject is the methods used in learning the movements. Humans acquire new 

motor skills during multi-stage learning process which is based on training. The errorful 

and errorless training methods are two of these processes. In the errorful training method, 

the participant obtains skill learning through trial and error method. Avoiding errors 

during this type of training is not possible. In the errorless training method, learning 

through guidance and feedback methods prevents creating errors in the participant's 

training. The trial and error method is one of the errorful training methods. Participants 

correct the motor skills and improve their performance through the trial and error 

method(3). Prather observed that subjects who trained under errorless conditions had 

acquired temporary skill improvement which was similar to the implicit and U-mode 

learning strategy. Subjects learning under trial and error conditions seemed to actively 

test hypotheses, similar to explicit or S-mode learning. Studies have shown that when the 

errors are eliminated or significantly reduced during learning, an un-selective learning 

strategy is created. But when there are errors present during learning, which must be 

corrected, a selective learning strategy is formed(4). The errorful subjects are expected to 

adapt to correcting their errors during learning with an obvious hypothesis test strategy 

which is characterized by verbal rules and the subject's reduced performance under the 

dual task condition. It is estimated that the reduction of errors during learning causes the 

minimization of the obvious hypothesis test by the subject which leads to the subject's 

adaptation with an unselective learning strategy which is characterized by less verbal 

rules and stable performance under the dual task condition. Various studies have 

supported these results. The golf skill performance in errorless subjects was not affected 

under the dual task condition, whereas the errorful subjects' performance was ruined 

under the dual task condition. The error reduction during learning limits the amount of 

the error correction hypothesis test which causes the reduction of the obvious processing 

association in skill acquisition. It was concluded that error reduction during learning 
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directs the subject to use unselective and implicit learning processes which causes the 

subject to be unprepared for performance at times of distraction(4). The results of 

Feygin's studies (2002) showed that sensory guidance is effective to learn timing. It was 

also found that sensory guidance can be useful for performance, especially while training 

for the temporal aspects of a task. Furthermore, the results revealed that timing is one of 

the important aspects of transition from training to the learning environment. Sensory 

guidance can be helpful in the transition training(5).  

There have been various studies in the field of error detection in various skills through 

different training methods. Goodwin et al (2003) did a research on the effect of 

complementary special practice with variable practices and mental estimation of error on 

the deviation, stability and the movement error detection capability in a coincidence 

estimation task. Finally, the retention and transfer tests results support the fact that 

complementary special practice with variable practices in the acquisition state, strengthen 

the error detection capability and may be a good explanation to consider complementary 

special practice with variable practice as a good training method(6). Latest studies results 

like Williams and Hodges (2004) have shown that observation and feedback interaction 

helps in both shaping and refining a new movement because the subjects learn what to do 

by observing the model. A correction reference is formed based on this and when the 

feedback is presented to the subject, the related feedback is compared with the correction 

reference and skill refinement takes place gradually and the error detecting capability 

develops(7). Blandin and Proteau (2004) did a research on the cognitive basis of 

observational learning and the development of mechanisms for the detection and 

correction of errors(8). Wright and Black (2005) investigated the effect of observational 

practice on detecting error and executing movement. The results showed that 

observational practice was useful in detection of error and execution of movement(9). 

Black, Wright, Magnuson and Brueckner (2005) did a research on learning to detect error 

in movement timing using physical and observational practice. The results revealed that 

observers and physical practice participants estimated the durations of movement 

sequences more accurately than those who only observed the timing task and had no 

practice. These data provided evidence that recognizing error in movement timing can be 

accomplished via observation and that observational practice can facilitate acquisition of 

movement behaviors and improve error detection(9). Taheri (2005) did a research on the 

effects of various error estimation methods and reduced frequency of augmented 

feedback on the error detection capability, performance and bimanual coordination task 

learning. The results showed no significant difference in the error estimation and 

augmented feedback frequency regarding the error estimation accuracy in the acquisition 

stage. Furthermore, the model error estimation and combination error estimation group 
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were better in the movement timing performance than the other groups. In the retention 

stage, all the three error estimation groups performed better than the control group 

regarding model learning and movement timing. And the 100 % model error estimation 

group and the 100 % timing error estimation group both developed better learning 

regarding the movement timing than the other groups(10).Shafizadeh and Bahram (2005) 

estimated the effect of auditory model with respect to the role of feedback frequency and 

the task difficulty on learning and error detection of a segmental-timing task. The results 

revealed that the learning rate in auditory model and feedback groups were better than the 

groups without auditory model and feedback regarding the relative timing. Regarding the 

absolute timing, the reduction of the auditory model frequency and feedback presentation 

leads to better learning and recognizing. There was also a significant mutual effect 

regarding auditory model and task difficulty so that the group with 100 % easy-model 

and no difficult-model developed a better learning in relative timing(11). Sabzi (2007) 

did a research on the effect of self-control feedback and reduction of knowledge of results 

frequency on the error detection capability. The results of the acquisition and retention 

stages revealed that the self-control group with 100 % feedback frequency performed 

better than the other groups. The self-control group also performed better than the others 

in the transition/transfer stage. The research results reveal that due to its benefits, giving 

the subjects the right to choose to receive feedback causes increase in the error detection 

capability rather than reduced knowledge of results frequency. It can also be noted that 

the subject-oriented feedback planning is more effective than the instructor-oriented 

plan(12). Pital (2009) showed that Using errorless learning, alcoholics improved their 

abilities to learn new concepts’ labels. Moreover new knowledge acquired with errorless 

learning was flexible. The errorless learning advantage may rely on explicit rather than 

implicit memory processes in these alcohol-dependent patients presenting only mild to 

moderate deficits of explicit memory capacities(13). Jones (2010) showed that during the 

mazes transfer task, the trial-and-error group performed significantly better than the 

errorless group when there was a requirement to transfer the skill learned during the 

acquisition phase to a new related task(14). Schmitz(2011) showed an advantage for the 

errorless condition of procedural skill acquisition, in the Alzheimer's disease(15). Werd 

(2013) showed that errorless learning is more effective in teaching adults with dementia a 

variety of meaningful daily tasks or skills, with gains being generally maintained at 

follow-up(16). Ownsworth (2013) showed that error-based learning has the potential to 

reduce the length and costs of rehabilitation and lifestyle support because the techniques 

could enhance generalization success and lifelong application of strategies after traumatic 

brain injury(17). 
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Eventually, in spite of all the research done in the field of motor skills error detection and 

the difference between the effects of errorful and errorless training methods on the error 

detection capability in perceptual motor skills, further research is needed. The present 

research, with the general belief that errorful and errorless training methods affect the 

error detection capability in tracking task, aims to investigate the effect of each training 

method and the differences in subjects; error detection development and error detection 

capability in tracking task. The results of this research can be used in educating the 

subjects in motor and athletic tasks which require error detection and correction. 

 

Research method: 

The research method was of semi-experiential type. Statistical community of the research 

was composed ofM.A students of Allameh Tabataba’i University. Asample of 24 

personswas chosen randomly and simply from this community.Features included eye 

sight and complete physical health, having complete satisfaction to participate in the 

research, right hand superiority and age range of 23 ± 2.8 years. The used toolin this 

research was a laptop that had two hardware and software parts. Software part of the 

device was a computerized tracking test that has been designed by Borland Delphi 7 

programmingsoftware. In this assignment the participants should go through the given 

tracking path. The movement total time periodwas 10.40 s. At first the superior hand of 

the participants was determined by the Briggs & Nebes hand superioritydetermination 

questionnaire and 24 persons with right hand superioritywere chosen as sample 

participants. Before performing the test practically, suitable verbal instruction was given 

to the participants. The method of the task execution was in this form that the 

participantsexecuted the given tracking test and entered the number of thetime spent on 

the test into the program and the program showed thepercent of theirerrors. At first, all 

the participants underwent a pretest and were placed into twosimilar errorful and 

errorlesstraining groups according to the pretest results. Each group underwent 30 tests in 

3 seperate sessions with a recovery period of 24 h in-between. The designed tasks had the 

following differences for both errorful and errorless training groups:The errorlesstraining 

group saw the given trackingpath and the path that they trackedthemselves as a 

diagramdrawn by the program and identified error at the end of the test; but the errorful 

training group could see neither the target path, nor the path that they tracked while 

performing the task and identified error without having any feedback. At end of 

eachtraining session, an acquisition test was taken from the participants. Finally, error 

detectionretention tests were taken from the participants 24 and 48 hours after the last 

training session. 
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Results 

To describe data, descriptive statistics was used and to analyze statistical hypotheses, 

deductive statistics was used including the Kolmogorov–Smirnov statistical test (to 

investigate normality of data), Levene’s statistical test (to investigate homogeneity of 

variances) and test of variance analysis with repeated measurement. All statistical 

operation was done by SPSS 18 software. 

To assess the effect of errorful and errorless training methods on retention of error 

detection in tracking task, the error detection data gathered from the participants of the 

two errorful and errorless training groups in the acquisition and retention tests were 

studied 24 and 48 hours after the last training session. Afternormality of data and 

homogeneity ofvariances were confirmed,the within-subject effects table showed the 

following results: 

 

Table 1: The within-subject effects table 

Test Significance level (p)* F df Eta  

Within-subject effects 0.001 14.606 2 0.399 

* The significance level of the test was considered 0.05. 

At the 0.05 significance level, the results of the table showed the significant effect of 

errorful and errorless learning method onretention of error detection in perceptual-motor 

skill of the participants. In the following, Bonferroni testshowed the following results: 

 

Table2:The results of the paired comparison of different stages 

Test  (p)* Mean difference S.E Lower  Upper  

Post test- 24hr retention 0.001 -7.471 1.637 -11.712 -3.231 

Post test- 48hr retention 0.001 -8.103 1.806 -12.781 -3.424 

* The significance level of the test was considered 0.05. 

The results of the above table showed the significant effect of errorful and errorless 

learning method on the development of error detection inperceptual-motor skill 

duringretention stages after 24 and 48 h. 

The table of inter-group effects showed the following results:  

 

Table 3: the inter-group comparison (between errorful and errorless groups) 

Source Sum of Squares df Mean square F (p)* Eta  

group 2017.099 1 2343.506 21.607 0.001 0.295 

error 2053.747 22 93.352 

* The significance level of the test was considered 0.05. 
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At the 0.05 significance level, the obtained results showed a significant difference 

between the errorful and the errorless training group. The diagram of the participants’ 

error detection development during acquisition and retention stages is shown in the 

following image. 

 

Graph1: subjects scores in learning stages. 

 
The results obtained fromthe diagram show that firstly, there is a difference between both 

groups. Also, it is clear that the errorless group has had more development in error 

detection and more reduction in the error percentage.  

 

Discussion 

Theaim of the present research was to investigate the effect of errorful and errorless 

trainingmethods on error detection of perceptual-motor skill. According to the 

information obtained fromthe within-subjects effects table, by taking the 0.05 

significance level into consideration,the errorful and errorless training methods both have 

had a significanteffect onretention of error detection of perceptual-motor skill. In the 0.05 

significance level, with respect to the intergroup effects table, a significant difference was 

seen betweenthe methods of both errorful and errorless training groups and the results 

revealed that the errorless group showed moreimprovement in error detection and that 

their error percentage has reduced more during retention test. Simultaneously augmented 

feedback was used for performing the errorless training method which included 

displaying the target path and the participant’s executed path during the task and so 

thesignificanteffect ofthe errorless training method on the retention and the development 

of the participants’ error detection capability was revealed. The obtained resultsfor 

thedevelopment andretention of error detection are aligned with theresearches of 

Goodwin (2003) in the field of effect of complementary special practice with variable 
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practice on identification of error, Williams and Hodges (2004) in the field of the effect 

of interaction of observation and feedback (as errorless methods), Blandin and Proteau 

(2004) in the field of effect of observation on identification of error, Wright and Black 

about the effect of observation on identification of error, Shafizadeh and Bahram (2005) 

which all showed that feedback causes more error detection capability; and the research 

of Taheri (2005) which showed that feedback presentation causesimprovement 

inretention of error detection; and also theresearch of Sabzi that showedthe groupswith 

a100 %feedbackare betterin acquisitionand retentionthanthe groups withless 

feedback.However, the obtained results are not aligned withthe research of Taheri et al 

whoshowed thatdifferent feedback frequencieshave no significant differencein the error 

detection acquisition stage. 

The fact that errorlesstraining method causes a significant improvement on acquisition 

andretention of error detection is consistentwith theoretical foundations,too. According to 

Adams’ theory, thetotal movements are done by the comparison of the feedback fromthe 

movementduring performance and theperceptual rejection.When a person does 

amovement, this movement causes aninternal feedback and an augmented feedback. The 

internal feedback in fact forms a trace on the nervous system. Since aperson 

receivesaugmented feedback in movements, he/shegets closer to the goal after several 

efforts, and these correct movements cause the formation of stronger correct perceptual 

trace and the person’s error is reduced. By comparing the feedback from the movement 

and the perceptual trace,the person recognizes his/her error and can report it to 

theexaminer and or use itthrough mentalreinforcement. This mental reinforcement can 

direct the movementto thedesired goal withoutusing the augmented feedback. In the 

research, itwas alsoseen that the errorless training group which could see the 

simultaneous feedback of target path and its own path during the task performance, 

showed asignificantdevelopment in identification of error. 

Finally the present research specified that errorful and errorless training methods have 

had asignificant effect on acquisition andlearning of error detection inperceptual-motor 

skill. It also becameclearthatthere is a significant difference between the effect oferrorful 

and errorless training methods on error detection in tracking task and this difference was 

infavor of the errorless training method; i.e., the errorless training group showedgreater 

developmentin error detection capability growth than the errorful training group. The 

general result of this research is that the lack of error in training leads to more growth in 

error detection than the presence of error in training.This result is in accord with Adams 

closed loop theory that considers the presence of error unsuitable for learning and 

believes thata personshould always be given feedback to prevent error occurrence. The 
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results of this research can be used in people’s educating and learning of skills, especially 

inskills which requireerror detection and correction. 
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