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ABSTRACT

The proliferation of commercial computerized systems to improve cognitive functions has helped many people, yet
several  key issues  remain  open.  The current  research  focuses  on the effect  of  feedback  given to  trainees  in  a
computerized  training system for  visual  attention.  The visual  attention skill  was  trained  specifically  to  control
temporal integration: a process in which a series of stimuli with a short break between them is combined together
into one stimulus. Two training groups were compared: one with complete feedback during the training (Feedback
group) and one without (No Feedback group), with 15 trainees in each group. The results demonstrated that the
Feedback group’s performance was significantly poorer compared to the No Feedback group as assessed by the
number of errors in new sets (measured during training). The deterioration observed in performance during training
is not a common phenomenon. We explain these results by the theory of overconfidence. Based on the research
results, we assert that giving feedback during cognitive computerized training can lead to undesirable consequences
also in training, and should be re-considered.
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INTRODUCTION

Neurological findings on the plasticity of the human brain and its ability to acquire and improve cognitive skills
(much more than once thought possible) (Buonomano & Merzenich, 1998) have produced what Owen et al. (2010)
called  the  “multimillion-pound  industry”  (pp.  775)  of  computerized  systems  aimed  at  training  the  brain  and
improving cognitive functions. The explosive growth of this industry is also being fueled by the rising number of
elderly people and their desire to maintain their cognitive abilities (Stern et al., 2011), as well as the advancements
in studying learning deficits and attention disorders such as ADHD (Kieling et al., 2008; Steinhausen, 2009). 

Many commercial computerized systems on the market today can be used for self-training whereas others require an
expert  trainer  to  supervise  and  guide  the  trainee  or  dedicated  facilities.  A few examples  of  such  systems  are
“BrainMaster  –  Neurofeedback  Systems”  for  neurofeedback  training  (http://www.brainmaster.com,  Martin  &
Johnson, 2006); “Cogmed JM” for children and adults with attention deficits, learning disorders, brain injury or
stroke  (http://www.cogmed.com);  “BrainAge”   for  training  with  math-  and  literature-related  activities
(http://www.brainage.com); “Drive Sharp” for cognitive training for driving skills (http://www.positscience.com);
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“Your Baby Can Read” for language training for infants (http://www.yourbabycanread.com); and “HAPPYneuron”
for  exercising  memory,  attention,  language,  visual-spatial  and  executive  function  skills  (http://www.happy-
neuron.com, Croisile, 2006) (see detailed review in Rabipour & Raz, 2012).

Nevertheless, despite the diversity of commercial and academic computerized mental training systems, many core
issues on how to best design and use these systems in order to promote learning and learning transfer are unresolved.
For  example,  the  level  of  task  difficulty,  stimulus  and  task  variability,  complexity  of  the  training  context,
generalizability versus specificity of learning, etc. (Green & Bavelier, 2008; Rabipour & Raz, 2012; Slagter et al.,
2011) are still unclear.  One of these open questions is whether having feedback during training is beneficial  to
trainees.  

In  general,  feedback  is  information  that  the  learner  receives,  in  response  to  performance,  about  performance
outcomes  (Adams,  1968,  1971;  James,  1890;  Salmoni  et  al.,  1984;  Schmidt,  1982;  Schmidt  et  al.,  1989).  The
importance  of  feedback  for  learning  has  been  known  to  researchers  and  instructors  from  the  early  days  of
psychology.  For  example,  Trowbridge  and  Cason  (1932)  published  a  series  of  experiments  showing  that
participants’ performance of simple motor movements was directly related to the rate and quality of the feedback
that they received. Reviews on the evolvement of research in this area over the years can be found in Adams (1987),
Magill (2006), and Schmidt et al. (1989). 

Feedback has two main different roles in learning. Feedback provides information that the learner can use in order to
correct errors and carry on completing the task. Hence, as mentioned by Salmoni et al. (1984), it provides “a strong
guidance function on future performance” (pp. 358). In addition, feedback has the effect of increasing motivation
and making the task more interesting and, as a result, learners work harder (Arps, 1920; Crawley, 1926; Elwell &
Orindley, 1938). However, these two roles, which may have a positive effect on acquisition, can also weaken long-
term and transfer performance. The learner might be less motivated if the feedback is withdrawn. More importantly,
the  learner  may  become  dependent  on  the  feedback,  which  prevents  him  from  processing  other  sources  of
information (intrinsic processes) and hence blocks the development of more established and solid abilities, a process
named “the guidance hypothesis” (Salmoni et al., 1984; Schmidt et al., 1989). 

The current research focuses on the effect of feedback given in a computerized training system that trains visual
attention for visual temporal integration. Visual temporal integration is of vital importance to visual perception,
because it affords the ability to not only perceive what was seen, but also when it was seen. Integration is a process
that plays a role on very basic levels of perceptual processing (e.g., layers of visual cortex taking input from the
optic  nerve),  as  well  as  on more  advanced  ones.  A typical  example  of  more  complex  integration  is  watching
television at the standard frame rate of 24 frames per second. These sequential still images are interpreted by the
brain as fluid motion (Akyürek & Meijerink, 2012). This phenomenon known as visible persistence, and it enables
objects to remain visible a short time after the object itself has disappeared from view (Efron,1970a,1970b; Enns,
Brehaut, & Shore,1999; Wisser & Enns, 2001). 

During visual perception and recognition, human eyes move and successively fixate at the most informative parts of
the image, which therefore are processed with the highest resolution. At the same time, the mechanism of visual
attention uses information extracted from the retinal periphery for the selection of the next eye position and the
control of eye movement. Thus, the eyes actively perform problem-oriented selection and processing of information
from  the  visible  world  under  the  control  of  visual  attention  (Rybak,  Gusakova,  Golovan,  Podladchikova,  &
Shevtsova,1998).

A computerized training system to train visual attention of temporal integration used in the current study (based on
US patent 4162493; Ross & Sala-Spini, 1979). Lamm (US patent US 2005/0024588 A1; Lamm, 2005) described
this system and its ability to produce changes in visual attention of visual temporal integration . The system is based
on a visual display capable of generating various stimuli in different locations and presenting these stimuli with
predefined time intervals between them. Lamm (2005) demonstrated that participants were able to improve their
visual attention (measured by identifying correctly the letter/word/sentence) because of dedicated training with the
system.  The  training  protocol  described  is  based  on  gradually  exposing  participants  to  varying  time  intervals
between stimuli. In each training trial, the time intervals lie between the participant’s failure and his or her last
success. Our assumption is that in this system trainees can use intrinsic feedback. Since some stimuli are common
words and sentences,  sometimes the trainee is able to guess correctly whether he or she identified the word or
sentence.  Hence,  he or she learns to connect between identifying a stimulus correctly and the associated visual
attention process.  

The current research examined the effect of giving complete feedback during the abovementioned computerized
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training system, which trains visual attention of temporal integration. Thirty undergraduate students were randomly
assigned to two training groups: an experimental group that got complete feedback during training (successfully
identifying the stimuli and the correct stimuli in case of a failure), and a control group that did not get any kind of
feedback. The trainees were invited individually to three consecutive training sessions of about 45 minutes long
each. 

The  research  hypothesis  was  that,  based  on  the  guidance  hypothesis,  Complete  feedback  will  result  in  better
performance during training compared to training with no feedback (better results during the training program in
terms of progress, errors, etc.).

METHOD

Design

Participants were randomly assigned to two between-participants groups: the Feedback group, which got complete
feedback during training, and the No Feedback group, which did not get any feedback. 

Participants

Thirty undergraduate students (9 males, 21 females) from Ort Braude College, Israel, participated. Participants were
randomly  divided  into  two  equal  groups.  Participants’  average  age  was  24.9,  with  a  range  of  18  to  29.  All
participants had normal or corrected to normal visual acuity. Seventy percent of the participants (67% in Feedback
group and  the 73% in the No Feedback group)  spoke Hebrew as  their  mother  tongue.  Twenty  percent  of  the
participants (27% in the Feedback group and 13% in the No Feedback group) stated that they have some learning
disability. Almost all of the participants that admitted having some learning disability (except of one) had been
briefly exposed to the training system in the past, from several months to several years before the experiment took
place. The reason for the prior exposure is because ORT Braude College uses this system to assess students’ level of
visual attention disorder.  

Twenty-four participants (12 in each group) were paid NIS 120 (about USD 20) for participating and the remaining
six participants were given course credit points in lieu of money. 

Participants

Thirty undergraduate students (9 males, 21 females) from Ort Braude College, Israel, participated. Participants were
randomly  divided  into  two  equal  groups.  Participants’  average  age  was  24.9,  with  a  range  of  18  to  29.  All
participants had normal or corrected to normal visual acuity. Seventy percent of the participants (67% in Feedback
group and  the 73% in the No Feedback group)  spoke Hebrew as  their  mother  tongue.  Twenty  percent  of  the
participants (27% in the Feedback group and 13% in the No Feedback group) stated that they have some learning
disability. Almost all of the participants that admitted having some learning disability (except of one) had been
briefly exposed to the training system in the past, from several months to several years before the experiment took
place. The reason for the prior exposure is because ORT Braude College uses this system to assess students’ level of
visual attention disorder.  

Experimental Task

The experimental task in the training system required participants to smoothly track lighted columns using only their
eyes, in step with the light as it moved from one column to the next, to identify the correct stimulus presented each
time and to read it aloud. 

Materials and Setup 

The training system included a special visual display (see Figure 1) capable of displaying the stimuli in a running
mode and computer  software.  The special  display includes  an  array  of  lights  that  are  arranged  in consecutive
columns. The display presents moving text, a visual illusion similar to the “running letters” displayed in commercial
neon signs. The display is in the shape of a 136 cm long and 11 cm high bar consisting of sixteen parallel columns
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separated by an empty space. Using the software, the experimenter chooses which letter, text or icon is displayed
and the time gaps between two consecutive columns in the display. Each time only one column is alight, and the
consecutive column is alight after the determined time gap.  The letter, word or sentence can be perceived only when
integrating the displays on the set of columns. The longer the time gap, the harder it is for the participant to view an
image, because a longer time gap requires an increased period of temporal integration. The time gaps were marked
in indices of 300 and above, increasing linearly. Transforming the time gap index to a time gap between consecutive
display columns can be done using the equation:

Time gap between consecutive display (milliseconds) = 19.17 + 0.22*(Time gap index)

For example, the index of 300 corresponds to a time gap of 85 milliseconds between consecutive display columns
(within the range of human visible persistence; see Lamm, 2005). The index of 600 corresponds to a time gap of 151
milliseconds; the index of 900 corresponds to a time gap of 218 milliseconds; and the index of 1200 corresponds to
a time gap of 284 milliseconds. 

Figure 1. The special display used in the experiment

The experiment was conducted in a semi-dark room, the best condition for seeing the display. The experimenter sat
next to the trainee and used a score sheet, invisible to the trainee, to describe the training progression and track the
trainee’s successes and failures.   

Procedure

General Procedure

The experiment took place in the Assisted Technology Room at Ort Braude College, Israel. Trainees were assigned
times for their sessions—three sessions, about 45 minutes each; one trainee per session. A trainee’s consecutive
sessions were no less than one day and no more than one week apart. 

In the first session, the trainee received an explanation about the experiment, a consent form to sign and completed a
personal details questionnaire. Thereafter, the trainee was shown the training system, exposed to 16 different stimuli
with a time gap of 300 and asked to identify them (a pre-test phase). Following this, the trainee took a test with the
system in order to determine his or her initial temporal integration skill level. The test had nine steps, six stimuli in
each one (Steps 1, 4 and 7 with a time gap of 300; Steps 2, 5 and 8 with a time gap of 600; Steps 3, 6 and 9 with a
time gap of 900). At the end of the test, the system determined the trainee’s initial start level, based on Lamm’s
(2005) algorithm, and the experimenter determined the training starting point by rounding this level down to the
closet hundred. Thereafter, the trainee went through the 12 training steps with the system.

In the second session, the trainee completed 20 training steps with the system.

In the third session, the trainee completed 16 training steps with the system. Trainees were then thanked for their
participation.  

During the test and training with the system, participants in the Feedback group were told whether they had read the
stimulus  correctly  and  were  given  the  correct  stimulus  in  a  case  of  a  failure.  No  information  was  given  to
participants in the No Feedback group.  

Training Procedure

Each step in the training included 40 stimuli: 11 letters/numbers, 13 words, 9 short sentences of two words, and 7
long sentences of three words, in this order. Success during a step was defined as the trainee identifying correctly
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90% or more stimuli, i.e., if he or she made four or fewer errors. If successful, the time gap was increased by 100
and the previous set of stimuli but with the new time gap was again presented to the trainee. If the trainee once more
identified 90% or more stimuli, he or she was presented with a new set of stimuli using the same time gap, and so
on. For example, the trainee started with a time gap of 600, succeeded, moved to a time gap of 700 and was exposed
to the same set of stimuli (“a”),  succeeded, was exposed to a new set of stimuli (“b”) with a time gap of 700,
succeeded, and moved to a time gap of 800 but with the previous set of stimuli (“b”). 

In case of a failure, the time gap was decreased by 50 if this was the first failure in a sequence, and the trainee was
presented with the previous set of stimuli. After the second or more failure in a sequence (e.g., the trainee failed
twice or more), the time gap was decreased by 25 and, as with the first failure, the trainee was presented with the
previous set of stimuli. After a success, a new set of stimuli was presented with the previous time gap, and only after
the trainee succeeded with the new set of stimuli was the time gap increased by 100. In other words, the trainee
could progress to a longer time gap only after successfully identifying a new set of stimuli during the current time
gap.

The progression procedure was identical for all 48 training steps, irrespective of the session to which they belonged.

Performance Measures

Several performance measures were defined in the research:

 Test: Score in the test with the training system before the training started, rounded down to the closet
hundred.

 Longest time gap: The longest time gap in which the trainee succeeded with a new (not seen before) set of
items.

 Errors in old sets: The mean number of errors in a set of stimuli previously presented.

 Errors in new sets: The mean number of errors in a set of stimuli presented for the first time.

RESULTS

T-tests for unpaired samples (equal variances assumed, two-tailed) were performed for the preliminary performance
measures of the Feedback and No Feedback groups.

The mean test score in the training system before the training was not significantly different between the groups.
The mean test score for the Feedback group was 733.3 (SD = 163.3), and for the No Feedback group 740.0 (SD =
150.2) (t(28) = 0.12, p = .91).  It  seems that the two groups started with very similar levels of visual temporal
integration skills. 

To  examine  the  performance  with  the  system at  the  end  of  the  training and  the  d2  post-training  performance
measures,  MANCOVA was conducted, with Feedback as the between-participants independent variable;  mother
tongue (Hebrew or other), learning disability (yes or no), and Test (score in the test with the training system before
the training started time) as the covariates; and longest time gap, number of errors in old sets, and the number of
errors in new sets as the dependent variables. 

The effect of Feedback was significant (Wilks' Lambda test on the combined variable: F(8,18) = 2.966, p = .03,
Partial Eta Squared = 0.57). These covariates had also significant effects: mother tongue (Wilks' Lambda test on the
combined variable: F(8,18) = 2.53, p = .049, Partial Eta Squared = 0.53), learning disability (Wilks' Lambda test on
the combined variable: F(8,18) = 2.714, p = .04, Partial Eta Squared = 0.55), and Test (Wilks' Lambda test on the
combined variable: F(8,18) = 34.61, p < .001, Partial Eta Squared = 0.94).  

The univariate analysis of the independent variable Feedback demonstrated significant effects for the mean number
of errors in new sets, which was, surprisingly, higher for the Feedback group (M = 1.96, SD = 1.1) compared with
the No Feedback group (M = 1.16, SD = 0.9, F(1,25) = 4.55, p = .04, Partial Eta Squared = 0.15), Longest time gap
and the number of errors in old sets were not significantly different between the two groups. The post-training
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results are presented in Table 1. 

Table 1: Post-training results: Performance measures with the training system: Means and standard
deviations (in parentheses) for each performance measure

Feedback No Feedback Statistical Values

Longest Time Gap 1160.0 (170.3) 1185.0 (183.2) F(1,25) = 0.36, p =.56, 
Partial Eta Squared = 
0.01

Errors in Old Sets 0.95 (0.8) 0.83 (0.7) F(1,25) = 0.21, p =.65, 
Partial Eta Squared = 
0.01

Errors in New Sets 1.96 (1.1) 1.16 (0.9) F(1,25) = 4.55, p =.04*,
Partial Eta Squared = 
0.15

* – Effect is significant at the 0.05 level 

In addition, for the covariate Test, the univariate analysis demonstrated significant effect for the longest time gap –
higher for participants with higher test score (Pearson Correlation: r = 0.89, p < 0.001; F(1,25) = 70.25, p < .001,
Partial Eta Squared = 0.74). No other significant effects were found.

DISCUSSION AND CONCLUSIONS

The “multimillion-pound industry” (Owen et al., 2010, pp. 775) of commercial computerized systems for training
the  brain  and  improving  cognitive  functions has  presented  many key  issues  about  their  design  and  associated
training protocols that are still unresolved. One issue is the use of feedback during training. While feedback can
provide essential information and increase learners’ motivation (Arps, 1920; Crawley, 1926; Elwell & Orindley,
1938), the guidance hypothesis theorizes that it may prevent the learner from using his or her intrinsic processes
sources and hence block the development of important abilities (Salmoni et al., 1984; Schmidt et al., 1989). 

The current research focuses on the effect of feedback given in a computerized training system which train visual
attention of visual temporal integration. In the process of visual temporal integration, a series of stimuli with a short
break between them is combined together into one stimulus (Di Lollo, 1980; Di Lollo et al.,  1988; Di Lollo &
Hogben, 1987; Long & Beaton, 1982; Hogben & Di Lollo, 1974). Lamm (2005) described the use of a computerized
system to train visual attention of visual temporal integration, and this system was used in the current study. Two
training groups were compared, one that got complete feedback during the training and one that did not. 

The results demonstrated that the Feedback group did significantly worse in comparison to the No Feedback group
on the measure of  the mean number of errors in new sets, which is part of the training process. This is probably the
most sensitive measure. Since trainees who had four errors as well as trainees who had none move to the next stage,
the measure of the longest time gap is less sensitive than the measures of number of errors. In addition, the measure
of mean number of errors in old sets is less sensitive than the measure of mean number of errors in new sets since
the first could be also a function of pure memory, not only of learning. It is interesting to note that the Feedback
group did not do any better on the measure of errors in old sets even though trainees in this group were told what the
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stimuli were before being asked to identify them again, and hence it was reasonable to assume that they would
outperform the No Feedback group on this measure. 

Giving feedback resulted in a  drop in performance in the training system itself.  This deterioration observed  in
performance during training is not a common phenomenon. Our hypothesis that complete feedback will result in
better performance during training was not confirmed and we even observed a reverse effect. A possible explanation
for the poor performance in this task with complete feedback that addresses both the training and the transfer is
overconfidence. The measure of commission errors in the d2 test was higher for the Feedback group. This measure
can be an indicator of overconfidence: Trainees were overconfident in their ability to identify the target symbols,
and, as a result, marked many items that were not the target symbols. The phenomenon of overconfidence has been
demonstrated in past research (Arkes et al., 1987; Juslin, 1994; Lichtenstein et al., 1982). Complete feedback during
training might made trainees to feel that the task is easier than it really is and make them misjudge their temporal
integration skills as higher than their true level. During training, this might cause trainees to respond too quickly
and,  as a result,  make mistakes.  The measure of response time was not recorded in the current  study, and we
recommend that it be recorded and analyzed in future research in order to provide additional support for the above
hypothesis.  

It is possible that the specific way of giving feedback, which was complete feedback, augmented the effect causing
the  poor  results  for  the  group trained  in  this  condition.  Schmidt  and  Bjork (1992)  reported  the  superiority  of
summarized feedback after several trials versus feedback after each trial in improving transfer of learning and long-
term retention both in motor and verbal tasks (e.g., Schmidt et al., 1989). A subject for future research is whether
partial feedback in this task can improve performance both in training and transfer of learning. 

One more limitation of the current study is that the training included only three sessions and 48 sets of stimuli.
Given that trainees continued to improve even at the end of the training, it is possible that the findings would have
been different if more training sessions had been given. Future research should expand the training given to trainees
in this task and compare the results in this case.

Based  on  the  current  research  results,  giving  feedback  during  cognitive  computerized  training  can  lead  to
undesirable consequences also in training. These results are probably linked to overconfidence and, as a result, non-
optimal self-management of training. Hence, the recommendations are that it is better to think of other ways than
feedback for providing feedback. It is recommended that this finding be examined in other cognitive tasks and that
the robustness of this study evaluated using our suggestions for future research. Generalization of this phenomenon
and its boundaries will result in many real-life applications for computerized system training.  
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