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			Introduction

			Studying blind individuals is an excellent opportunity to investigate how experience might shape auditory processing and how visual areas work even in the absence of visual stimuli. In everyday life, blind individuals rely more on auditory information than sighted humans to recognize people, localize events, or process language. A growing number of studies have provided evidence that the increased use of the auditory system results in compensatory behavior in the blind. This compensatory behavior in blinds predicted on the theory that the loss of visual information channel results in greater emphasis on the other sensory modalities. This implies increased requirements for auditory processing in blinds [1]. However, the use of auditory memory to process and information and the extent of superiority of auditory memory skill in blind is still being researched. Working memory plays an important role in carrying out our day-to-day activities. It is a system which is responsible for active maintenance, manipulation, and retrieval of task relevant information.

			Conventional traditions found that blind individuals overcome few difficulties associated with their condition by developing unusual sensory and cognitive capacities [2]. In support to these traditions, recent studies have also found that congenital blind individuals perform superior to normal sighted individuals in various cognitive and perceptual skills like short term memory [3-6], long term memory [7], speech perception [1,8,9] and auditory frequency discrimination [10]. In contrast to these studies, there have been many studies have found no added advantage for blind individuals [11-16].

			It is a well-known fact that the occipital lobe gets activated when processing visual stimuli in normal healthy sighted individuals. In blind individuals it has been found that it is active during verbal processing [17] and performance of memory tasks [7,18]. These results suggest that the advantages found in the behavioural tests may rely on cross-modal plasticity that enables visual areas to encode stimuli and tasks of other modalities in early blind individuals. Recent studies found that congenitally blind and early blind subjects perform better than late-blind subjects and normal on several auditory perception task [19-21]. These studies point to the plasticity of the sensory systems when an individual is confronted with the loss of a particular modality.

			However, these studies do not inform us about the use and plasticity of the working memory system, but only about the interesting possibility of plasticity of one of the components, i.e., the visuospatial sketch pad that might be replaced by another sensory modality. Congenitally blind individuals have been shown to compensate for their loss of sight by developing extraordinary abilities in their remaining senses. An ongoing debate regarding whether blind individuals can compensate for their sensory handicap by developing exceptional abilities in their remaining senses (compensatory hypothesis), or by becoming severely handicapped (the deficit hypothesis) has yielded contrasting positions. Owing to such findings the present study was designed to assess the auditory memory abilities in congenitally blind children to throw a light on the research concerning the compensation for the loss of sight through other normal modality information and to comment on the plasticity of working memory system in blind.

			Need of the study

			The existing research has paved way in understanding the extraordinary auditory perceptual skills in blind. Hence the need comes to investigate if the superior auditory perceptual skills lead to superior auditory memory too in blind. This would also enhance our understanding on cross-modal plasticity of sensory systems and their influence on cognitive system and on the plasticity of working memory system.

			Aim of the study

			To investigate auditory working memory capacity in congenitally blind children. To compare the auditory working memory capacity between congenitally blind children and normal sighted children.

			Method

			The present study aimed at assessing the auditory working memory capacity in congenitally blind children and compares them with the auditory working memory capacity of normal sighted children.

			Participants

			A total of 10 congenitally blind children and 10 normal sighted children participated in the study. There were 7 congenitally blind males and 2 females and 7 normal sighted males and 4 females in the age range of 15-17 years with the average age of 16.5 7 years. An informed consent was obtained from all the participants prior to conducting the study. All the subjects had hearing thresholds within 25 dB between frequencies 250Hz to 8KHz in octaves in both the ears. 

			Apparatus

			The following were used in one or more tasks: ASUS laptop, Sony digital recorder with external microphone  and Stereo earphone.

			Procedure

			Auditory working memory was assessed in both the groups equally. It included,

			Working memory tasks

			Participants were assessed for standard auditory span measures consisting of digit forward task, digit backward task and letter-number sequencing task. Stimulus was created using MATLAB 2010a (Mathworks Inc., Natick, MA).

			Forward digit span

			In this task, the subjects were presented with lists of digits at progressively increasing numbers, beginning with a sequence of 3 digits. They were instructed to repeat the sequence aloud [in line with the method suggested by Kronenberger [22]]. With every correct response, the series increased in number by one step and after every incorrect response, series length was decreased by one step. The task was ended when the subject gave 4 consecutive incorrect responses. The longest sequence of digits that the subject correctly recalled was taken as the score obtained by the subject.

			Backward digit span

			This task is identical to digits forward except that, the series of digits had to be repeated in backward order Kronenberger [22].

			Letter-number sequencing

			Series of alphabets and numbers were presented in randomized order and the subjects were instructed to repeat alphabets first in alphabetical order and then numbers in numerical order at par with the method adopted by Mangalam [23]. The length of items presented increased by one step with every correct response and decreased by one step with every incorrect response. After 4 such trials, the task was terminated, and the last length of items repeated correctly was taken as the subject’s score.

			Stroop task

			Alvin software was used for performing Stroop left-right task. Participants were presented with 40 stimuli using stereo earphones connected to ASUS laptop. The stimulus tokens were spoken by a male speaker. It included words ‘left’ and ‘right’ which were presented randomly in one of the ears. The participants were instructed to indicate in which ear the stimulus was heard, by raising ‘R’/’L’ finger , following which the tester pressed ‘L’ on the keyboard if the word was heard in the left ear and ‘R’ if it was heard in the right ear irrespective of the word presented. The participants were asked to respond as quickly as possible. The reaction time was measured automatically by the software for each of the stimulus. The average reaction time was calculated for the total correct responses for each participant. Scores from all the above tasks were documented as the subject’s score for the respective task.

			Results

			Results were analyzed using SPSS [16]. The study was conducted to compare the auditory working memory capacity between normal sighted and congenitally blind children. Three working memory tests were used namely, digit span test (digit forward and digit backward); letter-number sequencing and Stroop task. Mann Whitney U test was used to compare the performance between the two groups for all the tests. Results revealed that congenitally blind children had superior performance than the normal sighted children only in forward digit span test (p < 0.05) and no significant difference between the two groups in other working memory tests (p > 0.05) and stroop test. It was also noted that though there was no significant difference obtained in tasks other than forward digit span, normal sighted children were found to have better scores compared to congenital blind children. Mean scores obtained for all the tests are shown in Figures 1-4.
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			Discussion

			This study compared the performance of 10 congenially blind subjects and 10 individually matched sighted controls in four types of memory tasks: digit forward task, digit backward task, letter number task and stroop task. Continued use of working memory is essential for maintaining concentration, purposeful thinking, and mental effort during learning. In the absence of vision, perception of space is likely to be highly dependent on memory. Considering the folklore that have long maintained that blind individuals overcome their difficulties in visual modality by developing extraordinary sensory and cognitive capacity and the results of recent research showing a better auditory perceptual ability of the blind compared to normal, the present study aimed at investigating the auditory working memory capacity in congenitally blind children and compare their performance with the normal sighted children.

			In this study we found that blind individuals possess a substantial advantage in memory tasks, when they are tested on serial recall task like forward digit span test. It was found that blind children had obtained significantly better scores in tasks involving direct repetition of digits serially (forward digit span), however when this task was modified into a memory manipulation task the advantage found in the serial recall task was lost. Support to this can be found in various other research that have found better short-term memory as well as serial recall memory in blind individuals compared to the normal sighted individuals [24]. We can assume that this may be because the blind constantly uses serial memory strategies in their everyday circumstances and hence develop superior serial memory skills that can also be used when required to recall a list of numbers as in the present study.

			Lower performance in the manipulation tasks by blind individuals have been demonstrated in various other studies like Raz & Mammarella Cornoldi [24,25]. These studies compared performance of visuospatial learning-disabled children (VSLD) and normal children in digit span and corti span tasks and found lower scores in backward digit span as well as backward corti span task in VSLD children compared to sighted children. They presumed that backward digit span task requires visuospatial resources which will be limited in VSLD children. Owing to such inference, our present finding can be supported by assuming that since congenital blind individuals have poor visuospatial skills, they could have had difficulty in performing manipulative tasks i.e., backward digit span task and letter-number sequencing task.

			The interpretation on inferior backward digit span ability and letter-number sequencing ability is also consistent with previous findings, showing that blind individuals performed no better than sighted individuals when a memory task required manipulation or elaboration of the remembered items [12]. Studies by Vecchi [26] have also shown that congenitally blind individuals were more severely hampered by the requirement to actively manipulate the testing items in working memory when performing a memory task. Thus, it can be concluded that the memory advantages in the blind may stem from their ability to chunk together consecutively presented items, but this advantage disappears when they need to manipulate and recall the presented items. Blind individuals are found to have better auditory attention [15]. The confounding results seen in our study may be due to procedural variations. 

			Overall findings indicate that though congenitally blind individuals have improved auditory perceptual ability and serial recall ability they may not be superior to normal sighted children in manipulative and recall memory tasks.

			Summary and Conclusion

			The present study was designed to investigate the auditory working memory in congenitally blind children. The study was carried out using four tasks namely, forward digit span, backward digit span, letter-number sequencing and stroop. We found that except for forward digit span task, blind children scored lower than normal sighted children in all other memory tasks. The results can be attributed to superior short-term memory and serial recall ability in blind and limited visuospatial resources needed to perform manipulative tasks (backward digit span and letter-number sequencing). An important outcome of this research might be to train educators to realize the potential of focused activities and to encourage them to plan strategies to incorporate such activities in their daily work with visually impaired children. It would be of interest to further study whether blind individuals possess other better executive functions and if they have an impact on their auditory perceptual ability and on the cross-modal plasticity of auditory and visual cognitive systems.
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Figure 1: Bar graph showing mean for digit forward test scores for blind and normal sighted children
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Figure 2: Bar graph showing mean for digit backward test scores for blind and normal sighted children.
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Figure 3: Bar graph showing mean for letter-number sequencing test scores for blind and normal sighted children.
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Figure 4: Bar graph showing mean for Stroop test scores for blind and normal sighted children






